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EXECUTIVE SUMMARY

Despite the long established role of information in the stock price formation as

proposed by the efficient market hypothesis, how news affects the financial market

is still a debatable topic. Using an innovative approach, this dissertation addresses

the effect of news in financial markets by using a large database of news which

approximates the size and diversity of information investors receive daily. The

consideration of this high-volume information poses computational challenges in the

conduct of research while at the same time provides an opportunity to better understand

the news-financial returns relationship. Earlier studies analyzed this relationship

using predetermined variables or news that are categorized according to sentiment

or tone, an approach that can be information restrictive. As opposed to such studies,

the information considered in the two studies conducted in this dissertation is not

pre-selected but determined by the methodology.

The first study establishes the relationship between news and returns of different

financial indexes in which the quantification of information is done using a Bayesian

approach to text analysis called multinomial inverse regression method (MNIR). This

method is capable of translating large quantities of information contained in news

into a quantitative news index that is more comprehensive than what has been used as

information proxy in the existing literature. As an input in the autoregressive model

used in establishing the relationship between news and financial returns, the news index

proves to perform well having explanatory power over the returns of equity, bonds,

and commodity indexes. This indicates that the methodology considered in this study
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captures the information relevant to price formation.

The second study brings the analysis of news-financial returns relationship into

a more specific social issue - the climate change - which, as the efficient market

hypothesis implies, should affect stock prices if it is relevant to the market. This study

first establishes the relevance of climate change in the market and finds that climate

change is a persistent topic in the daily news and contributes to the news index. This

finding can be argued to favor the belief that climate change is a relevant topic in

the news. Given the important events that had happened in the recent decades, it is

believed that climate awareness has been increasing through the years. However, the

news sample does not show an increasing trend in terms of the relative presence of

climate change related trigrams (CCRTs) in the news universe. This indicates that the

source of the increase in awareness, if it is actually happening, is unlikely to be the

news. Lastly, as accorded by the MNIR method, this study highlights salient climate

change topics that relate to the movement of the financial returns of different indexes.

As shown in these two studies, this dissertation is significant in the sense that it

addresses the fundamental information-returns relationship using a unique and large

database of news which approximates investors’ large and diverse information and

translates such information into a news index capable of explaining various financial

indexes. Moreover, this dissertation analyzes in granular manner the role of climate

change news in financial markets and thus provides better understanding of the news

and financial returns relationship.
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CHAPTER 1

Introduction

The internet and the advent of online social media platforms have revolutionized

the way information circulates. We now live in an era characterized by overflowing

information. How information disseminates, particularly in markets, is of paramount

importance in finance because of its effect on stock prices as proposed by the efficient

market hypothesis (Bachélier 1900; Fama 1991). For this reason, it is in the interest

of this dissertation to provide better understanding on how the market incorporates

information.

Over the years, scholars seek to shed more light on the relationship of information

and stock prices. Although it is undeniable that information has a vital role in stock

price movement, there is no consensus on what type of information moves stock prices.

For this reason, this relationship between information and stock prices has been tested

on selected variables using the three forms of tests of the informational efficiency of

the market: the weak, the semi-strong in which this dissertation is inclined to, and the

strong form tests. 1

1The weak form test originates from the idea that expected returns are constant over time so that
the efficiency of the market implies that returns cannot be predicted from past information and the best
forecast for tomorrow’s stock price is today’s price. The semi-strong form test implies understanding on
how fast stock prices incorporate public information available at a given time. Finally, the strong form
test studies whether and how private information available to individual investors or groups is impounded
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A brief list on this stream of early literature includes papers forecasting return using

information on fundamentals such as earnings announcements (e.g., Ball and Brown

1968, Patell 1976, and Chambers and Penman 1984), dividend yields (e.g., Rozeff

1984, Shiller et al. 1984, and Fama and French 1988), or macroeconomic variables such

as interest rates, exchange rates, and industrial production all of which influence the

economic outlook, and, consequently, stock prices (e.g., Chen et al. 1986, Hardouvelis

1987, Cutler et al. 1988, McQueen and Roley 1993, Thorbecke 1997, Bomfim 2003,

Bernanke and Kuttner 2005, and Kurihara 2006). The plausible drawback of these

studies linking pre-selected variables to stock prices is the exclusion of other important

information such as those found in the news that may affect the market.

In the later years, there has been a stream of studies that use the sentiment in the

news to establish the news-returns relationship. For example, Tetlock (2007) confirms

that sentiment influences stock prices as well as volume. In particular, he finds that a

high level of media pessimism predicts lower market prices followed by reversal to

fundamental values and unusually high or low level of pessimism leads to high market

trading volume. Okimoto and Hirasawa (2014) show that news indexes have significant

impact on stock prices but, as opposed to Tetlock (2007), their results do not present

reversal. Therefore, they conclude that the news indexes they used did not contain

market sentiment but rather essential information that affect stock prices. Heston

and Sinha (2017) investigate whether sentiment predicts stock returns considering

different type of textual processing used to measure sentiment such as the psychosocial

dictionary utilized by Tetlock et al. (2008), the financial dictionary developed by

into market prices.
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Loughran and McDonald (2011) and Thomson-Reuters NewScope which uses neural

network. Their findings indicate differences in terms of performance of the textual

processes considered.

News as a source of information can be both challenging and overwhelming. Given

the amount of information circulated through the daily news and the computational

difficulty of translating the news into numerical signals, linking information to stock

prices is a challenge that researchers need to address. The limitation regarding the

ability to establish general relationships between concrete pieces of information

and stock returns hinders the growth of the understanding of this relationship. This

limitation also implies that we are missing a level of granularity that should be

illustrative of the behavior of financial markets. This lack of granularity in analyzing

how news impacts the financial markets implies that we know little about the extent

stock markets are sensitive to critical issues in our society. Among the social challenges

the world is currently facing, this dissertation is particularly interested in climate

change.

Although consensus is missing, the possible devastating consequences of increasing

global temperature have made climate change a major threat and concern in the 21st

century. The disasters climate change could bring are threats to the economy and

public safety. Stern (2007) estimates the overall cost of a 5 degree Celsius increase

in temperature to be 5% of the global domestic product annually. These threats and

economic costs have implications to the market and society. For this reason, climate

change related information and awareness campaigns as well as the call for action
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have increased greatly. Whether this information related to climate change is making

an impact on the market or not is an interesting question not only for finance studies

but also for public policy. As the efficient market hypothesis suggests, new and

fundamental information on climate change should be incorporated on stock prices if it

is relevant to the market. Moreover, since the market value of a stock is influenced by

its future payoffs and these future payoffs are affected by climate-related costs such as

physical and transition costs (Campiglio et al. 2019) then climate change should be a

factor in stock price movement. However, asset pricing studies exploring whether this

relationship is empirically observed is scant. In addition, the existing studies focus on

specific events and general sustainability issues with varying results and in some cases

contradicting intuition.

Given the gaps in the literature, this dissertation takes advantage of the present

computational capacity to explore the relationship between information and the

financial market. This dissertation specifically relates financial indexes returns to

daily news to gain a better understanding of the elements that impact the stock market

without the pre-selection of specific information and polarization of news. This

dissertation innovates by using a new approach to text analysis called multinomial

inverse regression (Taddy 2013) which works well even with high dimensional data

and allows the granular analysis of an extensive news dataset. I collected the news data

from Reuters online news archive which covers the period from the 1st of February

2007 and the 17th September 2018. After eliminating non-English news articles, the

news database is left with 4,015,564 news articles. From these news articles, I build

a large corpus and use a novel approach to text analysis called multinomial inverse
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regression by Taddy (2013) to construct a news index. Then, I use the news index in

the implementation of the two studies of news and financial returns.

The first study establishes the relationship of the news in general and the returns of

equity, bonds, and commodity indexes using the constructed news index that is more

comprehensive than what can be find in the current literature. Results of this study

show that the news index has explanatory power over these financial indexes, thus,

providing evidence that our methodology is capable of capturing relevant information

in the news that explains the movement in the financial markets.

The second study takes advantage of the granular analysis the MNIR methodology

provides by examining a particular subset of the news sample which is climate change

and identifying salient topics. My interest in climate change is driven by the whole

movement of climate change awareness and the curiosity on how investors’ addresses

the issue through their investment preferences. To implement this study, I first look

at the importance of climate change in terms of relative presence and contribution to

the news index. The results show that climate change related trigrams (CCRTs) are

persistent in the news universe and contribute to the news index. This indicates that it is

a relevant topic. However, the sample does not show an increasing trend of the relative

daily presence of CCRTs which cast doubt on the importance of news as a source of

increasing climate change awareness. If indeed climate change awareness is increasing,

these results suggest that the increased awareness is caused by sources other than the

news on climate change. The results also show that journalists write about climate

change topics on a regular basis. Therefore, in establishing the relationship of climate
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change news and financial returns, what is informative is not the mere presence of

CCRTs but the frequency. By looking at the differential frequencies between good days

(days of highest return) and bad days (days of lowest returns) I identify salient CCRTs

in good and bad days which includes topics related to fuel and energy, emission,

climate change per se, disaster, and fiscal policy.

The remainder of this work is organized as follows. Chapter 2 presents the details

of first study which talks about the construction of a comprehensive news index to

explain financial returns. Chapter 3 discusses the second study which addresses the

role of climate change related news of news in financial markets. Chapter 4 provides

the conclusion of this dissertation.
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Abstract

This study addresses how information impacts the financial markets by using a large

database of news which approximates the size and diversity of information investors

receive daily. We use a multinomial inverse regression method which translates news

information into a quantitative news index that is an input in the autoregressive model

used in establishing the relationship between news and returns of equity indexes,

bonds indexes, and a commodity index. What sets this apart from previous studies,

the information we considered here is determined by our methodology and not

pre-selected. Our results show that the news index has explanatory power over these

financial price indexes, thus, providing evidence that our methodology is capable of

capturing the relevant information in the news that explains the price movement in the

financial markets.

Keywords: multinomial inverse regression, news-returns relationship, quantitative news

index, VAR
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2.1 Introduction

Information has been often seen as a paramount commodity in financial markets. At

first view, it is difficult to argue against the intuition that the most informed investors

outperform their peers. However, even after years of intense discussion, the relationship

between news and prices in the financial markets is still unclear. Even leaning forward

to offer a definition of what news is, sheds light on the difficulties surrounding the

enterprise of understanding this relationship in a systematic way. Indeed, what becomes

news, whether the news comes to the market before making it to the newspapers, how

many investors understand the news, how many of them react to the news, the timing of

their reaction, are all aspects difficult to capture. However, the fact that financial theory

accords a foremost role to information in the process of price formation in speculative

markets (i.e. Bachélier (1900) or Fama (1965)) implies the necessity to keep offering

plausible approaches to overcome the elusive nature of the news-returns relationship.

In a framework in which “news is too ambiguous an entity for scientific handling

with quantitative techniques” (Mindell 1961) most of the empirical studies exploring

the effect of news on financial prices have focused the analysis in price reactions to

punctual, easy to identify news such as company announcements, regulatory policy

releases or large potentially systematic events. A not comprehensive list of studies

fitting this description is Bali (2003), Rozeff (1984), Shiller et al. (1984) and Fama and

French (1988) who study the effect of dividend yields and their changes on stock prices,

Ball and Brown (1968), Patell (1976) and Chambers and Penman (1984) who analyze

stocks reactions to accounting or fundamental related announcements, and Belke and
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Beckmann (2015), Bomfim (2003), Mazzocchi et al. (2009) and Shahzad et al. (2019)

which constitute a small sample of more recent empirical studies linking elements such

as macroeconomic news, regulatory decisions or Brexit with stock market behavior.

Also in this line, and in the context of a growing literature on investor sentiment,

similar efforts are proposed by authors such as Ahmad et al. (2016), Boudoukh et al.

(2013), Heston and Sinha (2017), Tetlock (2007), and Uhl (2014) who study whether

the tone (positive or negative) of news impacts stock prices, and Engelberg et al.

(2012) who conclude that negative news short selling and future returns have a more

significant relationship following negative news.

Despite the sizable body of literature studying news impact on financial prices, it

is difficult to draw robust conclusions about this relationship. Indeed, the evidence

derived from this kind of studies is mixed, as some find small or no relationship

between news and financial prices while others find a significant one. Besides this

mixed character, the results are often difficult to generalize because the number

of events considered is small, because defining what part of news is actually new

information (therefore expected to generate price movements) is not easy and, because

many offer less than necessary or no controls for the information available in the

market at the time the picked events happened. In a world overwhelmed by information

the latter limitation is significant given that financial prices might react to many

information pieces at the same time.

In this paper we propose to capitalize both on recent developments of Bayesian

statistics and of accessible computing power to translate more than four million news
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stories gathered from Thomson Reuters news archive into an information index that

has explanatory power over several financial price indexes. We believe our paper

contributes to the study of the relation between information and stock returns by

translating a very large quantity of news into numerical signals that can be incorporated

into empirical studies. We consider that our approach provides a better approximation

to reality in terms of the amount of information investors receive daily. Also, in contrast

to previous literature on stock price-information relationship studies, our methodology

avoids the pre-selection of specific factors or events assumed to affect financial prices

and, to the extent that the index is formed by news related to many events, it controls

for much more information than other studies. To construct the news index we propose

to use the multinomial inverse regression (MNIR) by Taddy (2013). We then use

VAR models to test whether this news index has explanatory power over a diversified

pool of financial price indexes including stocks, bonds and commodities indexes. Our

results show that the news index is indeed an interesting tool to explore the news-return

relationship. Not only does the index have explanatory power over the price indexes of

a variety of markets but also it Granger causes the price indexes in all cases. We believe

these results highlight the power of the comprehensive news index that we propose.

This paper is organized as follows. In Section 2 we describe our data and provide a

detailed description of the multinomial inverse regression and VAR models proposed to

perform our analysis. In Section 3 we discuss our results. Our conclusions are presented

in Section 4 .
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2.2 Building the news index

To perform a sound empirical analysis intending to provide general conclusions

about the effect of news in financial markets it is necessary to include in the study

as many and as diverse news as possible. The rationale behind the idea is that,

theoretically, financial prices should respond to any new information that becomes

available in the market and that the available information set is significant, especially

in the context of information overload that has been developing over the recent decades.

To approximate investors’ large and diverse information set we gathered the

available online news from Reuters news historical archive. We consider this repository

an appropriate source of information for our purposes given its size, diversity, and

reputation among news agencies. Our dataset includes all the news available, regardless

of the topic they cover. By construction, news that contain only numbers would not

be part of the news index construction. Therefore, these news were filtered from

the initial database to improve the time efficiency of the index calculation. We also

removed news written in languages other than English. Our final dataset includes

4,015,564 full articles that were published between the 1st of February 2007 and the

17th September 2018, when Reuters archive stopped to be available online. To the best

of our knowledge this is the largest news data set to have been used in a study of the

type we propose in this paper.

With such a large quantity of news, it is impractical to try to identify particular

relevant events and to try to identify the controls necessary at each time. It then
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becomes of paramount importance to transform news from a textual information source

into a time series data that aggregates all news in a numerical way. To do so, we

propose to apply the multinomial inverse regression (MNIR) method by Taddy (2013)

that is specially suited to deal with the high dimensionality problem implied by the size

and nature of our data.

To calculate our news index we follow Casarin et al. (2019) who apply the MNIR

to the analysis of tweets propagation. We start building the daily information set by

gathering the content of all the news published each day. To take into account markets’

closing hours, any news published after 4 P.M. Eastern time or during weekends and

holidays is assigned to the following trading day. This procedure results in the corpus,

a vector in which each row contains a large string formed by the concatenation of all

the news published in a particular day. The next step is to preprocess the text data

to standardize words in the corpus. This implies changing all words to lowercase,

stemming the words, removing “stop words”, punctuation marks, numbers, and other

characters that are not relevant in the analysis. The last stage of the stemming is to

remove words with few occurrences to reduce the dimensionality of the corpus.12

Using this cleaned version of the corpus we construct the term-document matrix

(TDM). This is a matrix with rows corresponding to news-day and columns to a

particular trigram. 3 In our case, this matrix is composed of 726,542 trigrams, a

1The stemming process replaces each word by its root. For example, taxation. taxed and taxes will
be both reduced to tax. Stop words are very common words such as articles, conjunctions or forms of the
verb “to be”.

2In this paper, we removed the bottom 1% trigrams in terms of occurrence.
3In the simplest case, the columns of the term-document matrix correspond to each of the words,

technically called tokens, identified in the corpus. Depending on the goal of the researcher, tokens can be
unigrams (one-word token), bigrams (two-word token), trigrams (three-word token) or n-grams (n-word
token). For instance, there is more information on the bigram “red car” than on the unigram “car”.
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quantity that in textual form is out of the human capacity to process; thus, the need to

build a news index. The entries of the matrix correspond to the number of times each

trigram appears each day. These trigrams are assumed to proxy for information in the

news that may influence stock prices or returns.4

Formally, the term document matrix can be described as the compilation of each

news-day document i, represented as xi = [xi1, · · · , xip]
′, which is a vector of counts

for each of the p trigrams in the vocabulary. The empirical frequencies for each trigram

are calculated as fi = xi/mi where, mi =
∑p

j=1 xij is the total number of counts of

each trigram in document i. The term document matrix is the primary input in the

calculation of the news index using the MNIR model, expressed as:

xy ∼ MN (qy,my) with qyj =
exp[αj + yϕj]∑p
l=1 exp[αl + yϕl] ]

for j = 1, · · · , p, y ∈ Y.

(2.1)

where, xy is a p-dimensional multinomial distribution with size my =
∑

i:yi=y mi and

probabilities qy = [qy1, · · · , qyp]′.

Under the conditions detailed in Taddy (2013), the sufficient reduction (SR) score

for fi = xi/mi is equal to the inner product of the MNIR regression coefficients (i.e.

factor loadings) ϕ′ = [ϕi1, · · · , ϕi] and the empirical frequencies fi, expressed as:

zi = ϕ′fi ⇒ yi ⊥ xi,mi | zi. (2.2)

Equation (2.2) suggests that zi is a sufficient statistic for yi in the sense that the

The higher the dimension of the grouping the higher the computational cost since identifying groups
implies calculating combinations of words. We use trigrams because they provide more information than
unigrams and bigrams while remaining computationally feasible in our large dataset.

4In this method, each news-day is treated as a collection of exchangeable trigrams, which implies that
the trigrams or the news sequence in a day can be neglected.
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outcome variables are independent of the text counts conditioned on the projection

zi (Gentzkow et al. 2019). Camargo et al. (2018) interpret the SR score zi to be the

“average” factor loading contribution of document i, a variable similar to the Altman’s

z score which indicates the credit quality of a company based on credit scoring (Altman

1968). To estimate the factor loadings in equation (2.1), Taddy (2013) proposes the use

of a fat-tailed and sparsity-inducing independent Laplace prior for each coefficient ϕj .

The factor loadings of the trigrams provide for the identification of specific elements in

the news that contribute to the news index.

2.3 Putting the index to the test

Intuitively, it can be argued that this news index captures the interaction between the

size, the diversity and the relative importance of investors’ information set. Indeed, the

MNIR model is able to handle a large set of news, is objective in regard to the subjects

treated in the news, and imputes a value to each component of the news that signals

its relative importance in the news set. If this intuition is correct and this index is as

comprehensive as we expect it to be, it should have explanatory power over the returns

of several types of financial instruments.

Therefore, our analysis includes (i) four equity indexes, the Wilshire 5000

Total Market Index (W5000), the Standard and Poors 500 (SP500), the Dow Jones

Sustainability Index (DJSI), and the Fama and French’s Market Factor (MKT); (ii)

three bonds indexes, the ICE BofA U.S. Corporate Index (CInvGrade), the ICE BofA

U.S. High Yield Index (CHighYield), and the ICE BofA U.S. Corporate Index and High
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Yield Index (CTotal); and (iii) one commodity index, the Refinitiv Core Commodity

Index (CC-CRB). We consider this pool of indexes to be interesting because it includes

very diverse equity indexes, high and low quality bonds indexes and an index covering

19 individual commodities. Given the characteristics of these financial indexes, it is

also interesting to know the differential reaction among them.

To test the explanatory power of our news index we estimate the following VAR

model, proposed by Tetlock (2007), for each of the price indexes listed above using

daily returns:

Yt = α + βL(Yt) + γL(NIt) + δL(V olt) + ηL(V IXt) + λExogt + ϵt (2.3)

where, Yt is the daily returns of one of the price indexes, NI is the constructed news

index, V ol represents the detrended log of daily volume of the NYSE, V IX is Chicago

Board Options Exchange’s (CBOE’s) volatility index, and Exog is the vector of

exogenous variables that includes dummy variables for day-of-the-week and January

effect. L is the lag operator corresponding to the optimal number of lags for each

index.

Our analysis is focused on the γ coefficients which will indicate whether our

news index has significant explanatory power over the equity, the corporate bonds

and the commodities markets. Table 2.1 reports the results for the four equity price

indexes, considering the optimal number of lags determined by the Akaike Information

Criterion (AIC) for each VAR model separately. Notice that for models (1) to (3) the

optimal number of lags is nine, while for model (4) it is only six. Therefore, some
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coefficients are not available for the latter model.

The results show that our news index has an impressive performance in terms of

explanatory power for the four equity indexes we analyze. Indeed, as observed on

Table 2.1, most of the news index lags are significantly related to the corresponding

price index. Our news index is significant for 8 out the 9 lags when coming to explain

the returns of the Wilshire 5000 and of the Fama and French market factor. In the

case of the SP500 there are 7 out 9 significant news index lags, and 4 out of 6 news

index lags appear to have explanatory power over the DJSI. In addition, it is worth to

note that the news index keeps a large significance over several lags suggesting that

the explanatory power of our news index is maintained over time. This fact is also

interesting in that it seems to signal that news is incorporated to the prices slower than

some might expect in a world where technology has sharply decreased trading times.

The evidence discussed so far seems promising in that our news index has a

remarkable performance in explaining equity returns. We then test our hypothesis that

a news index derived from a large enough number of news can explain financial markets

returns. To do so, we move to discuss the results of the VAR models incorporating

our news index as a variable to explain the corporate bonds and commodities returns

included in this study. Table 2.2 depicts the results for the three corporate bond

indexes, models (1) to (3), and for the commodities index, model (4). As in the

previous table, the number of lags included in each model is based on the AIC. For the

investment grade (ICE BofA U.S. Corporate Index) and the low quality (ICE BofA

U.S. High Yield Index) corporate bonds indexes the optimal number of lags is 6. For
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the ICE BofA U.S. Corporate Index and High Yield Index and for the Refinitiv Core

Commodity Index it is 5.

The results reinforce the idea that our news index is a good instrument to explain

financial returns. Indeed, half of the news index lags are significantly related to the

high quality corporate bonds returns, 4 out of 6 have explanatory power over the low

quality corporate bonds returns and 4 out of 5 contribute to explain the returns of the

commodities index. When both the high and the low quality bonds are considered

together, 2 out of 5 news index returns are significantly related to the returns of the

bonds. For all cases depicted in Table 2.2 it is also true that most of the significant lags

are the initial ones. This, again, is an indicator that the explanatory power of our news

index lasts for several days and news stay current for several days also in the bond and

commodities markets.

We perform Granger causality test to confirm the relationship between our news

index and financial returns. Table 2.3 shows that the p-values for the null hypothesis

that the lags of the news index do not explain returns are less than 0.001 (p-value

<0.001) and therefore can be rejected. This result strengthens our findings that the

news index has explanatory power over financial returns.
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2.4 Conclusion

Information is considered a cornerstone in price formation in speculative markets.

In this context, studies on whether and how the news affect financial returns have

proliferated. However, the mixed evidence presented in such studies suggests that we

are still unsure about what is the impact of news in the financial markets. This shadow

of doubt can, at least in part, be attributed to the fact that the evidence in these articles

is difficult to generalize probably because, until recently, the empirical techniques were

insufficient. In this paper, we focus on a technique that allows us to condense four

million textual news in a numerical news index.

In a moment where humans produce such a quantity of information that is

overwhelming, we consider that an interesting nuance to be introduced to the debate

of whether markets have the capacity to incorporate such amounts of information

to the prices. Overall, our results are encouraging in that they show that the news

index we propose in this paper has a strong relationship with the returns of several

financial price indexes. This implies that our index captures the most salient elements

of the news and gives them scores that are informative and can be incorporated in the

analysis of financial markets. Moreover, given the number of news that the news index

incorporates, it constitutes a powerful tool to analyze the general effect of news by

endogenously controlling for three salient characteristics of investors’ information set:

complexity, size and diversity.
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Table 2.1 Coefficients of the VAR models for the equity price indexes

(1) (2) (3) (4)

Wilshire5000 MKT SP500 DJSI
Yt t− value Yt t− value Yt t− value Yt t− value

NewsIndt−1 0.0816*** 4.42 0.0828*** 4.52 0.0800*** 4.39 0.0302* 1.85
NewsIndt−2 0.0944*** 5.10 0.0936*** 5.08 0.1014*** 5.55 0.021 1.28
NewsIndt−3 -0.0581*** -3.13 -0.0584*** -3.17 -0.0632*** -3.45 0.0753*** 4.58
NewsIndt−4 -0.0313* -1.68 -0.0306* -1.66 -0.0303* -1.65 -0.0017 -0.11
NewsIndt−5 0.0433** 2.33 0.0419** 2.26 0.0389** 2.11 -0.0690*** -4.23
NewsIndt−6 -0.0343* -1.84 -0.0326* -1.76 -0.0302 -1.64 0.0310* 1.92
NewsIndt−7 0.0019 0.10 0.0018 0.10 0.0053 0.30
NewsIndt−8 -0.0856*** -4.69 -0.0845*** -4.65 -0.0880*** -4.89
NewsIndt−9 0.0927*** 5.10 0.0913*** 5.05 0.0916*** 5.11
Yt−1 -0.1386*** -4.94 -0.1376*** -4.87 -0.1569*** -5.61 0.1121*** 6.03
Yt−2 -0.1381*** -4.91 -0.1419*** -5.01 -0.1583*** -5.64 -0.0725*** -3.88
Yt−3 0.0197 0.70 0.0229 0.81 0.0276 0.98 -0.0618*** -3.29
Yt−4 -0.0213 -0.75 -0.0222 -0.78 -0.0227 -0.80 0.0145 0.78
Yt−5 -0.0843*** -2.96 -0.0859*** -2.99 -0.0837*** -2.93 -0.0415** -2.22
Yt−6 0.0558* 1.96 0.0556* 1.94 0.0538* 1.89 -0.004 -0.22
Yt−7 -0.0428 -1.51 -0.0441 -1.54 -0.0581** -2.05
Yt−8 0.0591** 2.09 0.0602** 2.11 0.0630** 2.23
Yt−9 -0.022 -0.78 -0.0227 -0.80 -0.0259 -0.92
V IXt−1 0.0009 0.22 0.0011 0.25 0.0004 0.11 -0.0066** -2.22
V IXt−2 -0.0033 -0.78 -0.0037 -0.89 -0.0043 -1.04 -0.0007 -0.22
V IXt−3 -0.0017 -0.39 -0.0014 -0.33 -0.0008 -0.20 0.0050* 1.66
V IXt−4 0.0046 1.09 0.0044 1.05 0.0041 0.98 -0.0027 -0.89
V IXt−5 0.0026 0.62 0.0023 0.55 0.0023 0.54 -0.0025 -0.86
V IXt−6 0.0056 1.33 0.0057 1.35 0.0056 1.35 -0.0014 -0.48
V IXt−7 -0.0042 -1.00 -0.0042 -1.01 -0.0059 -1.42
V IXt−8 0.0018 0.43 0.0021 0.50 0.0023 0.57
V IXt−9 0.0037 0.90 0.0036 0.88 0.0031 0.77
V olDett−1 -0.0071*** -5.22 -0.0070*** -5.23 -0.0070*** -5.23 -0.0033*** -2.60
V olDett−2 0.002 1.39 0.0022 1.52 0.0023 1.56 -0.0012 -0.88
V olDett−3 0.0032** 2.17 0.0030** 2.05 0.0030** 2.05 0.0018 1.31
V olDett−4 -0.0031** -2.11 -0.0031** -2.08 -0.0030** -2.05 -0.0034** -2.44
V olDett−5 -0.0008 -0.51 -0.0008 -0.51 -0.0008 -0.53 0.0031** 2.24
V olDett−6 -0.0002 -0.14 -0.0002 -0.15 -0.0003 -0.22 -0.0011 -0.87
V olDett−7 -0.0007 -0.51 -0.0006 -0.42 -0.0007 -0.46
V olDett−8 0.0001 0.09 -0.00001 -0.01 0.0001 0.07
V olDett−9 0.0032** 2.37 0.0032** 2.43 0.0031** 2.32
const 0.0005 0.99 0.0006 1.10 0.0004 0.75 -0.0005 -1.01
DumMon -0.0012* -1.66 -0.0012 -1.61 -0.001 -1.28 0.0007 1.02
DumTue 0.0005 0.72 0.0006 0.80 0.0007 0.92 0.0013* 1.82
DumWed 0.0004 0.51 0.0005 0.67 0.0006 0.76 0.0006 0.86
DumThu 0.0001 0.10 0.0002 0.26 0.0002 0.30 0.001 1.51
DumJan -0.0005 -0.71 -0.0006 -0.71 -0.0006 -0.65 -0.0005 -0.58
Observations 2,916 2,916 2,916 2,919
R2 0.0707 0.0708 0.0780 0.0557
Adjusted R2 0.0574 0.0575 0.0648 0.0462
F Statistic (df = 41; 2874) 5.3302*** 5.3411*** 5.9261*** 5.8768***

This table reports the results of the VAR model for each of the equity price indexes included in the study. Yt denotes the returns of the Wilshire 5000 Index in model (1),
of the Fama and French Market Factor in model (2), of the Standard and Poors 500 in model (3) and of the Dow Jones Sustainability Index in model (4). In all cases,
the the right-hand side endogenous variables are the detrended NYSE volume (V olDet) and our news index (NewsInd). The exogeneous variables include CBOE’s
Volatility Index (VIX), days-of-the-week and January effect dummy variables. For each model, the regression coefficients are reported in first column and the t-value
on the second one. ***, ** and * denote significance at the 1%, 5% and 10% levels.
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Table 2.2 Coefficients of the VAR models for the bond price indexes and the
commodity price index

(1) (2) (3) (4)

CInvGrade CHighYield CTotal CC-CRB
Yt t− value Yt t− value Yt t− value Yt t− value

NewsIndt−1 0.0059 1.36 0.0122*** 3.33 0.0252*** 6.57 0.0412*** 2.62
NewsIndt−2 0.0112*** 2.58 0.0126*** 3.42 0.0108*** 2.78 0.0730*** 4.61
NewsIndt−3 0.0102** 2.35 0.0087** 2.34 -0.0001 -0.03 -0.0404** -2.55
NewsIndt−4 0.0052 1.19 0.0037 0.99 -0.0014 -0.37 -0.0430*** -2.73
NewsIndt−5 -0.0004 -0.09 -0.0007 -0.19 -0.0052 -1.36 0.0086 0.55
NewsIndt−6 0.0128*** 2.95 0.0093** 2.53
Yt−1 -0.0101 -0.53 0.0541*** 2.87 0.3407*** 17.37 -0.0673*** -3.45
Yt−2 -0.0243 -1.27 -0.001 -0.05 0.0211 1.02 0.0117 0.60
Yt−3 0.0336* 1.76 0.0491*** 2.61 0.0387* 1.88 0.02 1.02
Yt−4 -0.0072 -0.38 0.0129 0.69 0.1400*** 6.81 0.0123 0.63
Yt−5 0.0058 0.30 0.0264 1.41 0.0138 0.74 -0.0221 -1.14
Yt−6 0.0145 0.77 0.0335* 1.83
V IXt−1 -0.0048*** -6.06 -0.0059*** -8.78 -0.0058*** -7.88 -0.0045 -1.56
V IXt−2 -0.0016** -2.03 -0.0015** -2.22 0.0013* 1.72 0.0056* 1.89
V IXt−3 -0.0016* -1.93 -0.0017** -2.48 -0.0006 -0.85 0.0009 0.29
V IXt−4 -0.0007 -0.92 -0.0007 -0.98 0.0014* 1.86 -0.0014 -0.49
V IXt−5 -0.0017** -2.17 -0.0012* -1.74 0.0022*** 3.10 0.0032 1.12
V IXt−6 0.0008 1.01 0.0009 1.28
V olDett−1 0.0001 0.32 -0.0002 -0.57 -0.0010*** -3.34 -0.0021* -1.72
V olDett−2 -0.0006 -1.50 -0.0002 -0.69 0.0002 0.60 -0.0008 -0.63
V olDett−3 -0.0006* -1.72 -0.0005 -1.57 0.00001 0.04 -0.0005 -0.36
V olDett−4 -0.0004 -1.09 -0.0003 -1.08 -0.0003 -1.07 0.0004 0.31
V olDett−5 0.0006 1.54 0.0004 1.19 -0.0004 -1.22 -0.0023* -1.87
V olDett−6 -0.0004 -1.15 -0.0004 -1.38
const 0.0003** 2.24 0.0002* 1.91 -0.00002 -0.21 0.0002 0.33
DumMon 0.0003* 1.79 0.0003* 1.89 0.0002 1.41 -0.0013* -1.94
DumTue -0.0001 -0.38 -0.00004 -0.24 0.0002 1.44 -0.0005 -0.74
DumWed -0.0003 -1.64 -0.0002 -1.36 0.0002 1.14 0.0005 0.72
DumThu -0.0003 -1.36 -0.0002 -1.16 0.0001 0.55 0.0001 0.09
DumJan 0.0003 1.58 0.0003 1.40 0.0001 0.73 -0.0001 -0.09
Observations 2,919 2,919 2,920 2,920
R2 0.06 0.1012 0.3013 0.0287
Adjusted R2 0.0506 0.0921 0.2952 0.0203
Residual Std. Error (df = 2874) 0.0031 0.0026 0.0027 0.0111
F Statistic (df = 41; 2874) 6.3622*** 11.2117*** 49.9142*** 3.4188***

This table reports the results of the VAR model for each of the bond price indexes and the commodities one included in the study. Yt denotes the returns of the ICE
BofA U.S. Corporate Index in model (1), of the ICE BofA U.S. High Yield Index in model (2), of the ICE BofA U.S. Corporate Index and High Yield Index in model
(3) and of the Refinitiv Core Commodity Index in model (4). In all cases, the the right-hand side endogenous variables are the detrended NYSE volume (V olDet)
and our news index (NewsInd). The exogeneous variables include CBOE’s Volatility Index (V IX), days-of-the-week and January effect dummy variables. For each
model, the regression coefficients are reported in first column and the t-value on the second one. ***, ** and * denote significance at the 1%, 5% and 10% levels.

Table 2.3 Granger causality test result
.

Ho: NewsInd Granger causes Yt F − Stat Pr(>F)
Yt: W5000 12.68 <2.2e-16
Yt: MKT 12.62 <2.2e-16
Yt: SP500 13.60 <2.2e-16
Yt: DJSI 10.43 1.81e-16
Yt: CInvGrade 14.94 <2.2e-16
Yt: CHighYield 23.60 <2.2e-16
Yt: CTotal 24.73 <2.2e-16
Yt: CC-CRB 9.02 1.60e-08
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Abstract

We examine the relationship between climate change news and financial returns

using a large news database through the use of multinomial inverse regression. This

method translates news into a quantifiable input and is capable of handling the

multi-dimensionality of our data. We find that climate change is persistent in our news

universe which indicates that it is a relevant news topic. This is supported by the

non-zero contribution of climate change related trigrams (CCRTs) in the constructed

news index. However, our sample does not show an increasing trend of the relative

daily presence of CCRTs which signals that news is unlikely the source that furthers

the perceived increasing awareness of climate change. Lastly, we determine the salient

CCRTs present during good and bad days of the market and highlight the presence of

topics related to fuel and energy, emission, climate change per se, disaster, and fiscal

policy.

Keywords: climate change, financial returns, multinomial inverse regression
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3.1 Introduction

The potential devastating effects of climate change pose a problem to the World’s

economic growth based on fossil energies since the Second Industrial Revolution. The

majority of climate change experts advocate limiting emissions to 2 degrees Celsius

above the average temperature of pre-industrial times. The challenge to the World’s

economy is somehow twofold as delaying action is costly but the investments needed

for the transition to new energies sources are significant. Examples emphasizing the

economic consequences of inaction are Stern (2007), who estimate the overall annual

cost of a 5 degrees Celsius increase in temperature to be 5% of the global domestic

product, and a meta-analysis by Furman et al. (2015) that demonstrates delaying

policies pointed to hit a specific temperature target results in a 40% increase in overall

costs. The transition to a low-carbon economy cannot be taken for granted. On the one

hand, the global agreements such as Copenhagen or Paris do not set binding targets

(UNFCC 2010) which makes global coordination of efforts difficult. On the other

hand, uncertainty about the costs and how climate change will unfold is high (Engle

et al. 2020) so that there is still room for different interpretations of climate change

threat.

Unanimous or not, the transition to alternative sources of energy is on its way, is

expensive and requires funding. In this context, Boissinot et al. (2016) discuss costs

and possible sources of financing for this energy transition and argue that, even if

the financing costs are large, they are still feasible if climate policies are correctly

designed to facilitate the global financial system’s role as capital reallocator. Moreover,
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papers such as Kaminker and Stewart (2012), Johnson (2013), Gründl et al. (2016) or

Ameli et al. (2020) go a step further highlighting the potential role of private funds, in

particular managed by institutional investors, in various types of investment activities

and instruments linked to decarbonization and climate change risk management.

The role of investors in climate change mitigation is also discussed in papers such

as MacLeod and Park (2011), that studies how activist investors influence decision

making in fossil fuel companies or Ansar et al. (2016) and Ayling and Gunningham

(2017) that analyze the divestment movement, the concept of stranded assets and the

risks they pose to fossil fuel companies.

Although, as proposed by Hong and Scheinkman (2020), it can be argued that asset

pricing researchers arrive late to the climate change discussion, the basic theoretical

argument underlying the papers relating energy transition and investors’ decision

making can be argued to be as old as finance itself. In effect, these papers build on the

efficient market hypothesis (Bachélier 1900) to argue that investors’ attitudes towards

green investments vehicles, companies, assets or infrastructures should respond to

climate change related information, thus impacting financial returns.

Among many recent papers studying the relationship between climate change

and financial returns, Antoniuk and Leirvik (2021) show that global events that

increase climate change awareness result in positive abnormal returns for green stocks

while the ones that deteriorate the climate change policy are beneficial for brown

ones. Also, Hong et al. (2019) provide evidence that food stock prices under-react

to climate change risk, Choi et al. (2020) pose that attention to climate change
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increases during periods of unusually warm temperatures so that during these times

carbon-intensive emission firms perform worse than low carbon emission ones, and

Huynh and Xia (2021) show that investors have a preference for corporate bonds that

potentially serve as climate change risk hedges.1 Being a special case of the news -

returns relationship literature, the climate change news - returns relationship literature

suffers from the same limitations. In particular, most of the papers deal with a small

set of events, provide evidence on small samples of financial instruments and do not

control for the news universe available at the moment of the investors’ decision making.

A recent paper by Ferrer et al. (2021) builds a news index based on the multinomial

inverse regression (Taddy 2013) and textual analysis using more than four million

news stories gathered from Thomsom Reuters online archive. This news index is

comprehensive in that it takes into account the whole universe of news and has

explanatory power over stocks, bonds of different qualities and commodity indexes.

Moreover, it is granular in that it attaches a coefficient to each of the trigrams extracted

from the news, providing information on the relative importance of each of them in

the daily available universe of news. In this paper we propose to capitalize on the

index’s granularity and analyze the role of climate change related trigrams (CCRTs)

in financial returns. To do so we first provide a description of the amount of climate

change trigrams in the universe of news and of their relative importance in the overall

news index. Then, we study how the appearance of these trigrams contributes to the

dynamics of financial indexes related to stocks, bonds, and commodities. We believe

this paper contributes to the literature in several ways. First, the size of the news

1For a comprehensive review of asset pricing literature considering climate change as an additional
source of risk in the stock market see Venturini (2022).
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database allows us to consider climate change in a setting in which it competes for

investors’ attention with many other subjects. On the one hand, our study shows that

climate change is a systematic subject in the news universe having maintained its

presence after the preprocessing step. This gives the impression that it is a relevant

subject in the news. On the other hand, our sample shows that the relative presence of

CCRTs does not show an increasing trend from the 1st of February 2007 to the 17th

September 2018. This signals that the notion of increasing awareness on climate change

is unlikely to happen through news. Second, the methodology we propose allows us

to provide insights about the relative importance of climate change in the quantitative

news index. The presence of CCRTs in each of the quintiles of news trigrams which is

3.59% on the average supports this importance although their contribution to the index

tends to be not in the tails of the distribution. Therefore, CCRTs’ impact may not be

very pronounced as other news trigrams but they do contribute to the index. Lastly,

our methodology also allows us to identify salient CCRTs on days when the market is

performing good or bad and to relate them to the risk characteristics of the financial

indexes.

We continue to describe our data and methodology in Section 2. Then, we discuss

our results in Section 3 and we present our conclusion in Section 4.
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3.2 Methodology

The main objective of this paper is to establish climate change - returns relationship

for several financial markets. To do so we construct the index proposed by Taddy and

developed by Ferrer et al. (2021) using 4,015,564 online news stories aggregated daily.

These news stories are collected from the Reuters news archive from the period of 1st

of February 2007 to the 17th of September 2018.

To understand the role of climate change in financial returns we propose to study

the relative presence of CCRTs in the news universe. To address this we analyze the

dynamics of the CCRTs’ presence in the news universe and construct quintiles of news

trigrams to determine the weight of CCRTs in each. We also propose to examine which

are the CCRTs that are associated with bad and good days of the financial market. To

do so, we consider eight financial indexes carrying different risk profiles. (i) four equity

indexes, the Standard and Poors 500 (SP500), the Dow Jones Sustainability Index

(DJSI), the Fama and French’s Market Factor (MKT), and the Wilshire 5000 Total

Market Index (W5000); (ii) three bonds indexes, the ICE BofA U.S. Corporate Index

(CInvGrade), the ICE BofA U.S. High Yield Index (CHighYield), and the ICE BofA

U.S. Corporate Index and High Yield Index (CTotal); and (iii) one commodity index,

the Refinitiv Core Commodity Index (CC-CRB). Then, we rank the days according to

daily returns of these financial indexes and we consider Q1 as bad days and Q5 as good

days. We then proceed to create worldclouds to compare the trigrams that appear on

bad days versus good days.
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3.2.1 Building a comprehensive and granular news index through a multinomial

inverse regression

In text mining and text analysis studies, the primary challenges are the conversion of

the text data into a numerical input that can be analyzed quantitatively and addressing

the curse of high dimensionality. Given the size of our news sample the problem of high

dimensionality is evident. To tackle this issue we propose to follow the multinomial

inverse regression (MNIR) method by Taddy (2013) which enables us to construct a

news index of the four million news we deal with in this paper. This method allows for

the calculation of a sufficient reduction score, which we refer to as news index, that

preserves information relevant to the variable being associated to the text, the returns

in this case.

Our methodology involves transforming the news data into a corpus and undergoing

preprocessing in order to standardize the words in the entire set of documents which

helps in reducing dimensionality. This preprocessing involves transformation of all

words to lowercase, stemming or reduction of words to their root word (for example,

talked and talking will be both reduced to talk), and the removal of very common

words usually referred to as stopwords such as the articles, conjunctions, and forms of

the verb “to be”. Aside from these words, punctuation marks and other characters that

are not relevant in the analysis are also excluded. Then, we tokenize the words into

3-word tokens or trigrams and represent them into a term-document matrix (TDM).

This matrix is a tally of the presence of each term in each document which is composed

of all the news in each day and is the primary input in the MNIR. Each document

of aggregated daily news is treated as a collection of exchangeable tokens, implying
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that the sequence of tokens can be neglected. To further reduce the dimensionality we

removed less frequent words in the TDM following similar studies. In particular we

removed the bottom 1% of all the words in terms of frequencies.

We further explain the MNIR below using the same notation as Taddy (2013) to

maintain consistency.

Following the MNIR framework, each document of aggregated daily news i is

expressed as xi = [xi1, · · · , xip]
′ which is a vector of counts for each of the p tokens in

the dictionary. From these token counts, empirical frequencies are calculated using the

equation fi = xi/mi where mi =
∑p

j=1 xij is the total number of counts of each token

in document i. Token counts and the associated frequencies form the basic data units

for the MNIR which is expressed as

xy ∼ MN (qy,my) with qyj =
exp[αj + yϕj]∑p
l=1 exp[αl + yϕl] ]

for j = 1, · · · , p, y ∈ Y.

(3.1)

where xy is a p-dimensional multinomial distribution with size my =
∑

i:yi=y mi

and probabilities qy = [qy1, · · · , qyp]′. Based on the conditions detailed in Taddy (2013),

the sufficient reduction (SR) score for fi = xi/mi is equal to the inner product of the

MNIR regression coefficients or factor loadings ϕ′ = [ϕi1, · · · , ϕi] and the empirical

frequencies fi. Mathematically, the sufficient reduction (SR) score is written as

zi = ϕ′fi ⇒ yi ⊥ xi,mi | zi. (3.2)
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Equation (3.2) implies that zi is a sufficient statistic for yi because the outcome

variables are considered independent of the text counts conditioned on the projection

zi (Gentzkow et al. 2019). This SR score can be interpreted as the “average” factor

loading or contribution of document i (Camargo et al. 2018), a variable similar to the

Altman’s z score which indicates the credit quality of a company (Altman 1968). Using

equation (3.1), the SR score or the factor loading can be estimated using fat-tailed and

sparsity-inducing independent Laplace priors for each coefficient ϕj (Taddy 2013). In

this study, the coefficient or factor loading of each trigram provides for the identification

of the relative importance of the specific element in the news to the news index and is

of our particular interest.

3.2.2 Establishing the role of climate change news in the market

To establish the relationship between climate change and the financial returns of

the market, we first identify the CCRTs present in the news. We built a climate

change vocabulary from 3 sources, namely, i) Dictionary of climate change and

the environment: economics, science and policy (Grafton et al. 2012), ii) Climate

Change Glossary from the United States Forest Service (US Forest Service Online

(accessed December 17, 2021), and iii) Glossary of the IPCC 2018 (Matthews 2018).

All the entries in these three sources are combined excluding acronyms that are

not directly related to climate change and words that are too common. We process

these sources in the way we treat the news corpus. Next, we matched the presence

of each CCRT in the final climate change vocabulary in the final term-document matrix.

Then, we determine the relative presence of CCRTs by looking at the evolution of
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their presence in our universe of news. After this, we look at the relative importance in

terms of their intensity or contribution in the index. We do this by identifying CCRTs

proportion to the trigrams in each quintiles based on coefficients in the overall news

trigrams. Finally, we present the most salient CCRTs on good days or bad days through

word clouds.

3.3 Results

To analyze the effect of climate change news in financial markets, we first determine

the relative importance in terms of presence of CCRTs in the overall news trigrams.

Table 3.1 shows that out of 62,939 news trigrams, there are 2,195 CCRTs (3.49%) and

60,744 (96.51%) non-CCRTs. Since classifying all other trigrams is out of the scope of

this paper, we cannot infer whether this overall proportion is low or high.

Table 3.1

Trigrams Obs Mean SD Min. Median Max.
All 62,939 -0.0156 0.2859 -3.2442 -0.0944 2.8116

Non-CCRT 60,744 -0.0150 0.2867 -3.2442 -0.0932 2.8116
CCRT 2195 -0.0321 0.2623 -0.7812 -0.1188 0.7193

This table presents the descriptive statististics of all, non-climate change
and climate change related trigrams.

What we find is that CCRTs are not only present but more importantly have

sufficient presence in our news sample, signaling relevance, to have survived the

preprocessing where trigrams that appear sporadically are eliminated. However, as

shown in Figure 3.1, the evolution of CCRTs presence over the years does not show an

increasing trend contrary to what one would expect given that the news sample period

covers what can be considered as the time when climate change has become a more
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important and relevant issue. Although we can observe spikes in the relative presence

of CCRTs which coincide with important climate change events, the relative daily

presence reverts to the mean proportion of 3.53%. Again, we cannot judge whether

this is low or high because classifying the other non-CCRTs is not covered in this paper.

Fig. 3.1 Daily proportion of climate change and non-climate change trigrams in
the news.

This figure shows the daily proportion of CCRTs and non-CCRTs with non-zero coefficients over the
total number of news trigrams with non-zero coefficients.

Some papers (Renneboog et al. 2008; Choi et al. 2020; and Fahmy 2022) argue that

investors’ attention or awareness has increased overtime. Our news database does not

reflect this notion. Therefore, if it is the case, the source of the increasing awareness

does not seem to be from news stories but from other sources.

The results discussed above highlight two beliefs on climate change. On the one

hand, the result communicates to people who do not believe that climate change is a

topic relevant enough. As our results show, climate change has enough relevance to
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maintain its presence in our news universe. On the other hand, the results communicate

to people who believe that climate change awareness is increasing overtime (Biagini

and Miller 2013 and Venghaus et al. 2022) and that the source of this growing

awareness is unlikely to be through the news.

To provide further insights, we analyze the relative importance of CCRTs in terms

of intensity by looking at the coefficients or factor loadings of the CCRTs which

represent their contribution to the overall news index. As seen in Table 3.1, Although

the minimum and the maximum values of the coefficients of CCRTs are less in

magnitude compared to the non-CCRTs, indicating that CCRTs do not appear in the

extremes of the distribution. The mean of the CCRTs is about twice as negative as

the mean of non-CCRTs. This means that if we remove the extreme values, CCRTs

are equally important as non-CCRTs or may even have higher importance in terms

of intensity. We verify this in Table 3.2 where we present non-CCRTs and CCRTs

in quintiles of coefficients. Q1 includes the trigrams with lowest coeffiicents while

Q5 includes the trigrams with highest coeffiicents. In Q1, the minimum coefficient of

non-CCRTs is much more negative than the minimum of CCRTs but the maximum

is basically the same. In Q5, the maximum coefficient of non-CCRTs is much more

positive than the maximum of CCRTs but the minimum is basically the same. The

minimum and maximum coefficients in Q2, Q3, and Q4 are almost the same. This

confirms that, excluding the trigrams with extreme loadings, CCRTs are equally

important as non-CCRTs. The last column in Table 3.2 shows the percentage of CCRTs

over all the news trigrams in each quintile which ranges from 3.15% to 3.89%. This

indicates that there is no quintile where CCRTs are particularly concentrated and they
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are almost uniformly distributed across quintiles of all news trigrams.

Table 3.2 Distribution of climate change trigrams in the quintiles of overall news
trigrams

Q Non-CC coefficients CC coefficients Percentage of CC trigrams
Min. Max. Min. Max. %

1 -3.2442 -0.2733 -0.7812 -0.2734 3.4001
2 -0.2733 -0.1775 -0.2728 -0.1775 3.8926
3 -0.1775 0.1454 -0.1772 0.1450 3.7737
4 0.1454 0.2597 0.1458 0.2597 3.2173
5 0.2597 2.8116 0.2598 0.7193 3.1538
This table presents the minimum and the maximum coefficients of CCRTs and
non-CCRTs in every quintile. Q1 has the lowest coefficients while Q5 has the highest
coefficients. The last column shows the percentage of climate change trigrams over all
the news trigrams in each quintile.

After establishing the relative importance of climate change in terms of CCRTs

presence and intensity, we move to our next level of analysis which is to know whether

climate change plays a role in the financial markets. To do so we separate good (Q5)

and bad (Q1) days according to daily returns and compare the trigrams present in each

group for the eight financial instruments. The first thing we notice is that the trigrams

in the universe of all news is basically the same in every quintile of returns. The same

can be observed in the CCRT universe. This indicates that news writers have certain

subjects that they cover on a regular basis which our methodology captures which we

discuss in the succeeding paragraphs. We note that there may be outlier subjects on

certain days but these would be screened-out in our preprocessing steps.

A relevant point to raise is that, even if the universe of CCRTs is the same in good

and bad days, the frequency of appearance is not. Therefore, it is not the specific

CCRTS but the frequencies of CCRTs that are informative about financial returns. In

this sense, although we cannot compare particular trigrams appearing in good versus
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bad days, we can analyze the differential frequencies. To illustrate which are the

subjects that news writers report on a regular basis as previously mentioned, we look at

the CCRTs common to all the financial indexes and appear in both good and bad days.

We present this result in Figure 3.2 where a positive difference (represented by green

colored trigram) indicates that the CCRT appears more frequently on good days while

a negative difference (represented by red colored trigram) indicates that the CCRT

appears more frequently on bad days.

Out of the 2,185 common CCRTs, 1,233 are more frequent on bad days (78% has

negative coefficients) while 952 are more frequent on good days (71% has positive

coefficients). We present in Appendix 1 the top 10% most salient common CCRTs with

their coefficients. Topics related to fuel and energy dominate most salient common

CCRTs. This is not surprising given the contribution of the energy sector to climate

change due to its important role in the economy. Fuel and energy related CCRTs

such as “high oil price”, “crude oil price”, “fall oil price”, “oil price fell”, “oil price

rose” are about price action and are very frequent in both good and bad days. We

notice, however, that CCRTs that are more frequent in good days tend to have positive

coefficients and relate more to the increase in fuel price.

One may argue that fuel and energy trigrams are expected to be always in the news

and the news about them may not necessarily be related to climate change. This may

cast doubt on the importance of climate change in the news. The presence of non-fuel

and non-energy related CCRTs in the most salient common CCRTS, however, supports

the belief that climate change is important. We classify these trigrams into different
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categories in Table 3.3. We find trigrams about carbon and emission such as “carbon

dioxid emiss”, “emiss reduct target”, and “gas carbon dioxid”. Interestingly, most

of them appear more frequently on bad days and carry negative coefficients. This

may indicate that the market recognizes the consequence of greenhous gas emissions.

Disaster is another theme of the most salient CCRTs. Under this category, we find

that disaster-specific CCRTs such as “exxon valdez spill”, “flood kill peopl”, and

“hurrican gustav ike” are more frequent in bad days than in good days and have

negative coefficients. The negative sign might be due to the risks and damages these

disasters have caused the economy, the environment, and the society as a whole. Albeit

very few, fiscal policy related CCRTs also appear in the list. Among them are “energi

tax break” and “tax oil compani”, which appear more frequently on bad days and

have negative coefficients. The coefficient sign of the first trigram does not capture

the positive effect of a tax break while the sign of the second reflects the effect of

tax on shareholders wealth. Lastly, we found trigrams consisting of the term “climat

chang” and they have more presence on good days and tend to have positive coefficients.

In Figure 3.3, we present the differential frequencies in each of the indexes

considered in this study. It is easy to notice that the CCRT word clouds of stock indexes

(SP500, DJSI, MKT, W5000) look the same and the most salient topic pertains to oil

and energy (see Table 3.4). The most salient topics in the bond indexes also include

oil and energy and disaster. Although there is some similarity in terms of CCRTs per

se, each of these bond indexes word clouds differ in which CCRTs they highlight on

bad or good days. The word cloud of high yield bond index (CHighYield) has more

similarity to the word clouds of the stock indexes. One possible explanation of this
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Table 3.3 Most salient non-fuel and non-energy related CCRTs

Carbon and emission Climate change
carbon dioxid emiss -0.0241 broader climat pact 0.2556
emiss reduct target 0.0624 climat chang deal 0.1132
gas carbon dioxid -0.1194 climat pact replac 0.2332
global carbon emiss -0.1114 head climat chang 0.1005
global warm emiss -0.2943 intern climat chang 0.1435
greenhous gas carbon -0.1469 manmad climat chang 0.1187
tonn carbon dioxid -0.0510

Disaster Fiscal policy
exxon valdez oil -0.3111 energi tax break -0.2225
exxon valdez spill -0.3129 tax oil compani -0.2101
flood kill peopl -0.1282
hurrican gustav ike -0.1177
nation hurrican center 0.0361
tropic storm warn 0.1531
This table presents non-fuel and non-energy CCRTs classified into several
categories. Green trigrams are the ones with positive differences which indicate
they appear more frequently on good days than on bad days. Red trigrams are the
ones with negative differences which indicate they appear more frequently on bad
days than good days.

result is that while fixed income assets have lesser risk than stocks (Asness 2000),

CHighYield consists of below investment grade rated bonds. Therefore, among the

bond indexes considered in this study, CHighYield is the riskiest, most probably has

similar risk as the riskiest stock indexes, and reacts similarly to news as the stock

indexes. While stocks and bonds returns have positive correlation, commodities are

considered to have negative correlation with stocks and bonds (Bhardwaj et al. 2015;

Greer 2000; Gorton and Rouwenhorst 2006). Our results reflect this stylized fact on

commodities. In the word cloud of the commodity index CC.CRB, we see that oil is the

salient topic in this asset index. However, it highlights that CCRTs relating to decline

of prices appear more frequent on bad days while the stocks indexes tend to highlight

that CCRTs relating to rise of prices are more frequent on bad days than on good days.
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Table 3.4 Most salient climate change related trigrams on good and on bad days of
the financial markets

SP500 DJSI MKT W5000
high oil price high oil price high oil price high oil price
crude oil price crude oil price crude oil price crude oil price
fall oil price fall oil price fall oil price oil price rose
rise oil price drop oil price oil price rose rise oil price
intern energi agenc record oil price rise oil price fall oil price
oil price rose low oil price intern energi agenc oil price hit
record oil price intern energi agenc oil price hit intern energi agenc
surg oil price surg oil price record oil price oil price fell
oil price hit energi conf dec oil price fell record oil price
oil price fell oil price drop surg oil price soar oil price

CC.CRB CInvGrade CHighYield CTotal
fall oil price energi conf dec high oil price nation hurrican center
oil price fell low oil price oil price fell low oil price
lower oil price nation hurrican center crude oil price howard weil energi
crude oil price oil price hit oil price rose drop oil price
declin oil price drop oil price fall oil price weil energi conf
brent crude fell credit suiss energi nation hurrican center fall oil price
drop oil price barrel crude oil intern energi agenc energi conf mar
oil price drop suiss energi summit record oil price oil price fell
oil price fall energi summit feb oil price drop rise oil price
oil price barrel crude palm oil oil gas conf bank america energi
This table presents the top ten CCRTs with the greatest absolute difference between good (Q5) and bad
(Q1) days for the eight financial instruments.
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Fig. 3.2 Word cloud of common climate change trigrams between good and bad
days.

This word cloud shows the common climate change trigrams in good days (Q5) of all the financial
instruments that are also present in the common climate change trigrams in bad days (Q1) of all the
financial instruments. The size of the trigram is proportional to the absolute value of the difference
between the trigram frequency in the two states. Green trigrams are the ones with positive differences
which indicate they appear more frequently on good days than on bad days. Red trigrams are the ones
with negative differences which indicate they appear more frequent in bad days than in good days.
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Fig. 3.3 Common climate change trigrams on good and on bad days.

Each sub-figure shows the common climate change trigrams during good and bad days of each financial
instrument. The size of the trigram is proportional to the absolute value of the difference between the
trigram frequency on good days (Q5) and on bad days (Q1). Green trigrams are the ones with positive
differences which indicate they appear more frequently on good days than on bad days. Red trigrams
are the ones with negative differences which indicate they appear more frequent on bad days than on
good days.

(a) SP500 (b) DJSI

(c) MKT (d) W5000
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(e) CC.CRB (f) CInvGrade

(g) CHighYield (h) CTotal
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3.4 Conclusion

The debate whether climate change news matters in financial returns has no black and

white answer up to these days. In this study, we approach the question at hand by

establishing the relationship between climate change and financial returns. We use a

novel methodology capable of handling high-dimensional data, the multinomial inverse

regression, to translate the news information into a quantitative news index. Then, we

identify the importance of climate change in terms of relative presence and intensity

or contribution to the news index. We find that climate change is continuously and

persistently present in our news universe. Albeit not having the highest contribution to

the news index, the CCRTs maintain their importance by being present in every quintile

of the general news trigrams. These findings support the notion that climate change is

a relevant subject. Our results also shed some light on the belief that climate change

awareness has been increasing given the important events on climate change in the last

decade. We cannot argue whether this is true or not. What our results show is that if

this is the case, the increase in climate change awareness is more likely to come from

other sources than from news because there is no increasing trend on the relative daily

presence of CCRTs in our news universe. Lastly, we determine CCRTs that are most

salient on good or bad days and relate the observed behavior to their risk profile.
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CHAPTER 4

General Conclusion

Information and returns relationship is a fundamental topic in finance. As technology

advances information abounds which gives an opportunity to better understand this

relationship while at the same time requires an approach innovative enough to handle

high dimensional data without loss of information. This dissertation approaches this

problem by examining the news and financial returns relationship using a unique

and large database of news which is a close approximation of the size and kind of

information available to investors daily. Then, the MNIR methodology that is used in

this dissertation translates such information into a news index capable of explaining

various financial indexes which is highlighted in the first study. This provides evidence

that this methodology is effective in capturing relevant topics that relate to the

movement of different financial markets.

The methodology used in this dissertation also allows for a granular analysis of the

news and returns relationship, which the second study takes advantage of. The second

study tackles a specific social issue in examining the role of news in the movement

of financial markets, which is climate change. This issue is important because the

impacts of climate change specially on the financial markets is still subject for debate.
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This study first establishes that climate change is a persistent topic in the daily news

which implies that it is a relevant topic. This relevance is supported by the CCRTs’

contribution to the news index and therefore can be argued to influence the movement

of the financial markets. This study also finds that the belief that climate change

awareness is increasing is unlikely to come from news given that in the news sample

the relative presence of climate change related trigrams does not demonstrate an

increasing trend. As accorded by the MNIR method, this study links climate change

topics not only to the market behavior but also to the specific risk profile of the financial

indexes. Moreover, this unveils certain climate change topics that stand out during

the good days and bad days of the market such as fuel and energy, emission, climate

change per se, disaster, and fiscal policy.

The contribution of this dissertation to the literature on asset pricing is threefold.

First, in analyzing the role of news in the movement of financial prices, this dissertation

uses an innovative approach to text analysis which translates a large database of

information representative of the large and diverse set of information available to

investors into a news index. Then, this dissertation analyzes the news and returns

relationship through an index and provides evidence of the effectiveness of the news

index in capturing information relevant to price action because of its explanatory over

several financial indexes. Finally, this dissertation sheds some light on the controversy

regarding the relevance of climate change and provides specific details on how climate

change relates to financial markets.
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Appendix A

Most salient CCRTs in good and bad days

CCRT Coefficient CCRT Coefficient

’ climat chang 0.1356 energi conf jun 0.1081

accord energi inform -0.0433 energi conf mar -0.1063

april brent crude 0.1746 energi enercom oil 0.1777

bank america energi 0.1190 energi erng conf -0.0914

barrel crude oil 0.0475 energi food price -0.0849

barrel light crude 0.1221 energi minist alexand 0.0675

barrel oil gas -0.1412 energi minist khalid 0.1298

boost energi share 0.3306 energi secretari sam -0.1678

boost oil price 0.1509 energi share fell -0.2781

brent crude fell -0.1515 energi stock fell -0.3523

brent crude lost -0.2385 energi stock rose 0.1333

brent crude rose 0.1595 energi tax break -0.2225

british energi bgyl -0.1625 expand oil gas 0.1584

broader climat pact 0.2556 extend tax credit -0.1869

carbon dioxid emiss -0.0241 exxon valdez oil -0.3111

carbon monoxid poison 0.3284 exxon valdez spill -0.3129

cliff natur resourc 0.0633 fall crude oil -0.0992

climat chang deal 0.1132 fall crude price -0.1479

climat pact replac 0.2332 fall oil price -0.0558

concern oil price -0.1886 fall price oil -0.1476

crisi oil price -0.1626 fell oil price -0.3720

crude clc fell -0.2427 fiveyear forward crude 0.0945
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crude dow jone 0.0415 flood kill peopl -0.1282

crude fell barrel -0.1701 food energi compon 0.1444

crude fell settl -0.5042 food oil price -0.1235

crude futur cent 0.0796 frx oil rise 0.1422

crude futur fell -0.1348 fuel food price -0.1096

crude futur rose 0.1581 gain crude oil 0.2072

crude march deliveri 0.1482 gain energi stock 0.1369

crude octob deliveri 0.2529 gain oil price 0.1830

crude oil day 0.1073 gas carbon dioxid -0.1194

crude oil fell -0.2186 global carbon emiss -0.1114

crude oil gain 0.2146 global energi summit -0.1038

crude oil market -0.0760 global oil benchmark -0.1575

crude oil price -0.0398 global oil price -0.0583

crude oil rose 0.1539 global warm emiss -0.2943

crude palm oil 0.0386 gold crude dow 0.0417

crude price fell -0.1753 greenhous gas carbon -0.1469

crude price rose 0.1017 head climat chang 0.1005

crude rose barrel 0.0943 heat oil hok 0.1989

crude rose cent 0.1823 heat oil hox -0.2052

crude slip barrel -0.1095 high energi price -0.0925

cut fuel consumpt -0.1500 high oil price -0.0722

data fuel hope 0.7193 higher energi price -0.1013

data show gasolin -0.1392 howard weil energi -0.0713

declin oil price -0.0709 hurrican gustav ike -0.1177

drop crude inventori 0.1179 import iranian crude -0.0836

drop crude oil -0.1153 intern climat chang 0.1435

drop crude price -0.1119 intern energi agenc -0.0252

drop oil price -0.0766 jet fuel demand 0.2414

economi oil price -0.1343 juli heat oil -0.1256

emiss reduct target 0.0624 korea gas corp 0.0775

energi annual sharehold -0.1132 largest oil produc -0.0463

energi cnel ad 0.3280 lift oil price 0.0856
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energi conf dec 0.1072 light sweet crude -0.0543

energi annual sharehold -0.1132 largest oil produc -0.0463

energi cnel ad 0.3280 lift oil price 0.0856

energi conf dec 0.1072 light sweet crude -0.0543

low level radiat -0.4952 oil price strong 0.1245

low oil price -0.0429 oil price threaten -0.3011

lower crude oil -0.1416 oil price trigger -0.1679

lower oil price -0.0422 oil price tumbl -0.1806

main oil export -0.2173 oil price weaken -0.1482

manmad climat chang 0.1187 oil price weigh -0.1876

nation hurrican center 0.0361 oil produc consum -0.1558

nation petroleum corp 0.0526 oil rose barrel 0.1827

natur resourc clfn 0.1820 oil sand mine 0.0810

novemb crude clx -0.1593 oil sand region -0.1468

nuclear fuel technolog -0.2547 oil slip barrel -0.1589

offshor oil drill -0.1446 petroleum invest compani 0.1484

oil clc fell -0.2544 plung oil price -0.0836

oil clc rose 0.2083 pressur oil price -0.1951

oil commod price -0.1178 price lift energi 0.3428

oil compani petroleo -0.0788 price oil commod -0.0964

oil drop barrel -0.2980 price weigh energi -0.2209

oil export port -0.1606 process barrel crude 0.1461

oil fell barrel -0.1424 pulp export copec -0.2300

oil futur clc -0.0858 record gasolin price -0.1497

oil futur fell -0.1542 record high oil -0.2143

oil futur rose 0.2313 record oil price -0.2356

oil gas conf 0.0617 recordhigh oil price -0.1545

oil gas develop -0.0571 renew energi project 0.0601

oil gas field -0.0424 rise energi cost -0.0843

oil gas index -0.0536 rise fuel cost -0.0614

oil gas price -0.0469 rise oil price 0.0279

oil hit low -0.3753 rose exxon mobil 0.3001
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oil hit record -0.1028 run natur gas 0.1616

oil minist ali -0.0666 saudi oil minist -0.0752

oil price “ -0.0485 selloff crude oil -0.3859

oil price barrel -0.0463 shortag food fuel -0.1300

oil price continu -0.1098 slide crude oil -0.2199

oil price declin -0.0761 slide oil price -0.1556

oil price drop -0.0966 slump oil price -0.0515

oil price ea 0.1544 soar energi price -0.2180

oil price extend -0.1199 soar food fuel -0.2220

oil price fail -0.2044 soar oil price -0.1860

oil price fall -0.0620 spent fuel pool -0.1360

oil price fell -0.1823 spike oil price -0.1208

oil price gain 0.1552 spot gold crude 0.0296

oil price hit -0.1183 stateown energi compani -0.0969

oil price hurt -0.1396 strateg oil reserv -0.1543

oil price increa -0.0725 surg oil price -0.1070

oil price lift 0.2781 tax oil compani -0.2101

oil price lower -0.0608 tonn carbon dioxid -0.0510

oil price pressur -0.1559 tropic storm warn 0.1531

oil price push -0.0594 tumbl oil price -0.2038

oil price put -0.1147 ultralow sulfur diesel -0.0739

oil price resum -0.1641 unit state oil -0.0986

oil price rose 0.1297 uranium enrich plant -0.2086

oil price slide -0.1067 weak oil price -0.0782

oil price spark -0.2167 weil energi conf -0.1029

oil price stay -0.1020 won elect landslid -0.1252

oil price stoke -0.3417 world biggest emitt 0.1308

This table presents the top ten percent salient CCRTs that are common to all financial indexes and have

the greatest absolute difference between good (Q5) and bad (Q1). Green trigrams are the ones with

positive differences which indicate they appear more frequently on good days than on bad days. Red

trigrams are the ones with negative differences which indicate they appear more frequent on bad days

than on good days.
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