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Financialization

A recent phenomenon
commodity futures markets

financial institutions, insurance companies, pension funds,
foundations, hedge funds

It started in the early 2000s
new asset class
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Financialization

Appearance of new investors
financial markets

Financialization process⇒ commodity prices became more
correlated

in particular this applies to oil prices starting from 2004 [Tang
and Xiong, Financial Analysts Journal (2012)]
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Financialization of energy commodities

financialization of commodity markets plays an important
role in the oil price formation [Juvenal and Petrella, Journal
of Applied Econometrics (2015); Yin and Yang, Energy
Economics (2016)]

[Zhang et al., Energy Econ (2017)]: crude oil, natural gas
and stock market risk aversion

Volatility Index (VIX); Volatility Derivatives on Eurex
Exchange Index (VSTOXX)

VIX is a volatility index quoted on the Chicago Board of
Option exchange since 1990 and measures the stock
market’s expectation of volatility implied by S&P 500 index
options
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Paper’s approach

In this paper: investigate whether the crude oil and natural
gas market are influenced by the VIX in the stock market or
whether these variables move all together

Entropy-based approach: Mutual Information (MI)
no parametric model

MI is commonly mentioned as an analogue to covariance but

Burg’s approach
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Data
Thomson Datastream, 4175 daily observations (1999 - 2015)

CBOEVIX is the CBOE SPX VOLATILITY VIX (NEW) -
PRICE INDEX (briefly denoted as VIX)
VSTOXX is the EURO STOXX 50 Volatility (briefly denoted
as VSTOXX)
OILBREN is the Crude Oil-Brent Cur. Month FOB US$/BBL
(briefly denoted as BRENT)
CRUDWTC is the Crude Oil WTI FOB Cushing US$/BBL
(briefly denoted as WTI)
NATGHEN is the Natural Gas, Henry Hub US$/MMBTU
(briefly denoted as HH)
TRGBNBD is the TR Natural Gas NBP UK 1st Fut.
Day—Settlement price (briefly denoted as NBP).
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Shannon Entropy and Meaning

Information entropy

E(X) = −
n∑

i=1

P(xi) log2 P(xi)

Source X that can transmit n
symbols (where each i-th symbol
xi is characterized by an a-priori
probability P(xi)).

Claude Elwood Shannon (1916 - 2001)

• meaning or content of a message
• “I’ll meet you for lunch on Tuesday 2

p.m.”

• 84592646
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Shannon Entropy and Meaning

limitation

encoded in the form of the underlying assumption

Claude Elwood Shannon (1916 - 2001)

• Underlying context (NOT A BLACK
BOX!)

84592646 (underlying example =
telephone number)

the entropy measure is over the
distribution of not all possible numbers
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Shannon Entropy and Meaning

Claude Elwood Shannon (1916 - 2001)

“I’ll meet you for lunch on Tuesday 2 p.m.”
• has meaning if you know that this in

sentence is written in English
Let s =sentence, X1 =’English dictionary’
and X2 =’set of all the possible words’:

entropy(s)
∣∣∣
X1

� entropy(s)
∣∣∣
X2
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Shannon Entropy and Meaning

• One of the general properties of Shannon entropy is that
redundancy does not add new information
• the greater redundancy the lower the entropy.

• For example, what’s happen if we repeat a letter at the end of
a sentence?

Who remembers this sentence?
“All work and no play makes jack a dull boy.”
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Shannon Entropy and Meaning
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Shannon Entropy and Meaning

new information
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Shannon Entropy and Meaning
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Shannon Entropy and Meaning

It is a measure of combinatorial diversity (same letters, different
sentences).

... the same entropy when considering the set of all possible
sequences of the same length using letters from the Latin
alphabet
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Shannon Entropy and Meaning

English sentences

probability distribution

E(X) = −
n∑

i=1

P(xi) log2 P(xi)

Very rare or impossible to see the
letter J next to P and R or a word
starting with Z. (NOT A BLACK
BOX!)
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Shannon Entropy and Meaning

Tossing a (fair) coin

Mathematica returns a number x,
0 ≤ x ≤ 1 that is “uniformly
distributed” on the interval [0, 1]. If
x lies in the interval [0, 1/2) we call
the result 1 (head) and if it lies
between [1/2, 1] we call the result 0
(tails).

Biased coin
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Shannon Entropy and Meaning
The expected surprisal of a coin flip

0 0.5 1

0

0.5

1

Heads or Tails probability

E
nt

ro
py

If the coin is biased
and came heads all the
time then each new
toss would have
entropy 0
because there is no
surprise .

Surprise and Information
• Fair coin⇒ Maximum Surprise⇒ Maximum Entropy

• Biased coin⇒ Minimum Surprise⇒ Minimum Entropy
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Shannon Entropy and Meaning
Information paradigm
The information is the removal of the uncertainty: high values of
the Shannon entropy results in an unpredictable series, while
lower values mean less uncertainty and hence a more
predictable behavior of that series.

Mutual Information

• Measure of the mutual dependence
between the two variables.
• Estimates the amount of information

about one variable contained in
another.
• Non-parametric measure.
• Non linear dependencies.
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Experimental framework

stock market volatility index (VIX, VSTOXX) on crude oil and
natural gas markets

source (oil or natural gas markets) is shared with the other
one (equity markets)

Mutual Information on every existing pair, i.e.,
n(n− 1)/2 = 15 pairs in total
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WTI vs all
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HH vs all
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BRENT vs all
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NBP vs all
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VIX vs all
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Energy pairs

BRENT-WTI, BRENT-NBP, BRENT-HH, WTI-NBP, WTI-HH
and NBP-HH

After 2002: grows with an irregular trend

between 2007 and 2008 (BRENT/WTI)

local maximum between 2008 and the end of 2009

maximum information mainly between 2008 and the end of
2009 and/or at the end of the data temporal range

global maximum over the entire temporal range: they are
strictly correlated one to each other
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Energy pairs

2008-2009: task “knowing BRENT data from the value of
WTI data (and viceversa)” performed with the best chance of
success

knowledge of one of these variables reduces uncertainty
about the other

given two sources, if one is a deterministic function of the
other then ...
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Energy pairs

On the other hand, when the Mutual Information between
two sources is equal to 0 ...

a low value of Mutual Information means that knowing the
behaviour of one series provides a low amount of
information about the other one

E.g., Mutual Information between WTI and BRENT falls in
the range (0.4, 0.5) in May 2008
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Energy pairs - Before the crisis

90% of the information conveyed by HH is shared with NBP

WTI and NBP: a percentage between 80% and 90% of the
information

a percentage between 85% and 100% of the information
conveyed by BRENT is shared with NBP
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Volatility vs oil series

VIX, VSTOXX vs BRENT, WTI

Before the crisis
the shared information between oils and volatility series is
relatively low

increasing trend along the entire time span

In the aftermath of the crisis
the shared information dramatically grows and then continues
to increase up to the maximum

pairs which involve VSTOXX behave in the same fashion as
the ones which involve VIX
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Conclusions and further works

The shared information between energy and stock markets
grows over time

Before the crisis, the shared information between oils and
volatility series is relatively low

In the aftermath of the crisis, the shared information between
oils and volatility series grows

Oil and equity markets being more and more integrated, a
piece of news impacting one of these markets can affect the
other one
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Conclusions and further works

The energy pairs share the maximum information mainly
between 2008 and the end of 2009

The information shared between WTI and BRENT drops
below the 50% of its maximum

Adams and Glück 2015 ( spillovers between commodities
and the stock market to remain high after the financial crisis)

the oil and equity markets have proven to be increasingly
integrated to each other over time, as previously claimed by
B. Zhang and Li 2016; Y.-J. Zhang, Chevallier, and Guesmi
2017.
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Thank you!

Questions?

Details in this paper:
Benedetto, F., Mastroeni, L. and Vellucci, P. Ann Oper Res
(2019).

email: pierluigi.vellucci@uniroma3.it
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