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Motivation
Financialization and integration of commodity markets raise questions:

Hedging function of the futures markets: relation between the
physical and the paper markets?
Price discovery function of the markets: what about the informational
content of the prices?

Empirical analysis :
Most important commodity futures market : American crude oil,
2001-2011
Analysis of maturity linkages: all available maturities, from the 1rst to
the 84th months (i.e. 34 maturities)
Information flows between prices returns associated to each maturity
(1740 pairs of maturities)
Methodology: information theory and graph theory

Results raise theoretical questions, on the segmentation theory and the
Samuelson effect.
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Methodology (1/2): Information Theory (Shannon,1948)
Entropy: Degree of uncertainty associated to a variable.

Considering a random variable X (price returns) and its corresponding
distribution p(x), the entropy of X is:

H(X ) = −
∑

x p(x) log p(x)

Conditional entropy: the remaining entropy of X if the values of Y are
known

H(X |Y ) = −
∑

x ,y p(x , y) log p(x |y)

Mutual information: Reduction of entropy of one variable when the other
variables are known

M(X ,Y ) = H(X ,Y )− H(X |Y )− H(Y |X )

Information transfer: Information emitted / information received
The value of X at t + 1 depends on the value of Y at t
Entropy rate: h1 = −

∑
p(xt+1, xt , yt) log p(xt+1|xt , yt)

The value of X at t + 1 does not depend on the value of Y at t
Entropy rate: h2 = −

∑
p(xt+1, xt , yt) log p(xt+1|xt)

Entropy transfer from X to Y : TX→Y = h1 − h2
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Methodology (2/2)
Advantages:

Model free methodology; holds also in the case on non linearity
Gives rise to interesting quantities

Measurements:
Total amount of information send from (respectively received by) the
maturity M to (from) all others i :

TMs =< TM→i >i

<>i is the average over all maturities, except M.
The forward flow φf (respectively backward flow φb) is given by:

φf =
∑

X<Y TX→Y

Analysis through the graph theory: high dimensional analysis
Graph: nodes stands for price returns (one node per maturity); links
stand for directionality.
Survival ratios used to analyze the stability of the graph

S̄R(t) = 1
N DXY (t) ∩ D̄XY
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Mutual information (MI)
Synchronous moves in the prices : MI reflects market integration
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Figure: MI shared by all maturities.
Figure: MI per maturity

More intense cross maturity linkages: market segmentation diminishes.
Asymmetry in the average MI: it is higher on the long-term.
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Information flows: static analysis

Information emitted (in black) and received (in red) by each maturity

! 8!

3.!ANALYSE!DES!TRANSFERTS!D’INFORMATION!

Analyse!des!transferts!d’information,!en!statique!puis!en!dynamique.!!

Transfert!forward!:!des!maturités!les!plus!courtes!vers!les!maturités!les!plus!longues!

Transfert!backward!:!des!maturités!les!plus!longues!vers!les!maturités!les!plus!courtes.!

Quel!signal!influence!quel!signal!?!Pour!nous!le!signal!est!une!fluctuation!de!prix.!!!

3.1.!Analyse!statique!

Figure'3a':' Information' forward' (en'noir)' et'backward' (en' rouge)'par'maturité':' niveau'
moyen'sur'toute'la'période'

!

Les!barres!d’erreur!représentent!l’erreur,!mesurée!en!moyennant!sur!le!temps.!Chaque!

point!correspond!à!la!valeur!moyenne!du!transfert!d’information!entre!deux!maturités.!

C’est!soit!une!variance,!soit!un!écartVtype!XXX!à!vérifier!par!Franck.!!

Commentaire!:!il!faut!préciser!dans!la!légende!qu’il!y!a!en!plus!les!barres!d’erreur.!Il!faut!

harmoniser!et!parler,!ici!aussi,!d’information!forward!et!backward.!!

Pour!l’information!forward!(en!noir),!on!distingue!trois!segments!de!la!courbe!:!jusqu’à!6!
mois,!entre!6!et!18!mois!et!au!delà.!Entre!1!et!6!mois!l’information!transférée!est!élevée.!

Elle! atteint! un! niveau! maximum! pour! les! maturités! 1! et! 6! mois.! Entre! 7! et! 18! mois!

l’information! transférée! diminue! régulièrement! et! fortement! avec! la! maturité.! Elle!

réaugmente!ensuite,!sur!les!dernières!maturités,!quoique!de!façon!plus!atténuée.!!

On!peut!envisager,!si! requête,!de!calculer! la!distribution!de! l’information!mutuelle!par!

maturités,!mais!alors!on!perdra!le!côté!dynamique!de!l’analyse.!!

Pour! l’info! backward,! il! a! aussi! trois! segments,! mais! positionnés! différemment! en!

fonction! des! maturités!:! entre! 1! et! 10! mois,! l’information! reçue! est! faible,! puis! elle!

augmente!fortement!jusqu’à!environ!20!mois,!puis!elle!augmente!plus!lentement!(pour!

finalement! diminuer.! Les! barres! d’erreurs! sont! beaucoup! plus! écartées! pour! cette!

mesure,!sur!les!maturités!éloignées.!!
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Figure: Average information transfer between maturities, 2001-2011

Market segmentation is not necessarily the same for the information
emitted and received.
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Information flows: forward and backward flows
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Figure: Information transfer between maturities, 2001-2011
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Directed graph and its dynamic properties

We then rely on graph theory to approach the dynamical properties, and more 
precisely the stability,  of  the directionality  of  the information as time goes on. 
Among all the possibilities to buid graphs from financial time series  (mettre des 
ref)  we focus on the unweighted directed full  connected graph.  The links are 
oriented according to the matrix of directionality. For a couple X and Y, is the 
element of the matrix Txy is greater than Tyx, then the edge is oriented from X to 
Y, otherwise from Y to X. Extracted from the directionality matrix computed in the 
static case, the corresponding directed graph is presented on Fig 5_1. We clearly 
observe that the last maturities (that appear in the center of the graph) are the 
nodes where the links point in. This is our state of reference, in the sense that 
such an overall directionality shows that the derivative market works well (pas 
tres inspiré, mais c est l idee).  To get a deeper insight of the market stability, we 
calculate the survival ratio which represents at time the fraction of links with the 
same orientation at a time t as in the stable state. Before 2008, the survival ratio 
displays some variations and fluctuations around a value of  70 %. This result 
indicates that most of the links remain in the same state as in the stable state. 
After march 2008, the value decreases meanwhile the fluctuations increase as a 
result of large changings in the direction of the information flow. Nevertheless, the 
system has 2^N possible states, where N is the number of  links, and even if 
numerous edges switch their direction, nothing says a priori that the new states of 
the sysem are meaningful. 

Figure: Directed graph
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Figure: Survival ratios
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Conclusion (1/2)

Main findings
The information shared by futures contracts with different delivery
dates is increasing;
On average on the period, short-term maturities emit more
information than long-term ones;
Today, this is less obvious: price movements can now propagate as
easily in the forward direction as in the backward one;
The direction of information flows is less and less stable.

This raises theoretical questions.
Segmentation theory
Samuelson effect
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Conclusion (2/2)

Samuelson effect (1965):
Short-term prices are more volatile than long-term ones. A shock
coming from the physical market affects mainly the nearby contract
price. It has an impact on succeeding prices that decreases as
maturity increases.
Forward flows are the natural direction for the propagation of prices
shocks: the volatility comes from the physical market; it is
transmitted to the paper market.

For a reappraisal of the Samuelson effect:
Today backward flows are becoming important: shocks can come
from the paper market.
This is not necessarily due to speculation and financial activity
Sudden changes in the physical conditions expected in the long run
The expectations of the operators are embedded in the prices of
deferred futures contracts.
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Reappraisal of the Samuelson effect : an intuition

Bessembinder et al (1996)
Notations:
- Prices shock ut :

ut = ln
( St+1

Et [St+1]

)
(1)

In this setting, prices shocks always appear on the physical market, on the
current spot price.
After a shock has impacted the physical market at t, the operators expect
it to influence prices in T .
- Rate of revision in the expectation, ”elasticity”:

εt,τ =
ln
(

Et+1[ST ]
Et [ST ]

)
ut

(2)
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Equilibrium relationships on the physical and the futures
markets
For the futures market:

Ft,T = St exp (cct(T − t)) (3)
where cct is the net cost of carry.
For the physical market:

Et [ST ] = St exp ((cct + π)(T − t)) (4)
where π is the risk premium associated to the holding of the commodity.
Propagation of prices shocks from the physical to the paper markets:
From (3) we can write:

∆Ft,T = π + utεt,τ (5)

Thus:
Var [∆Ft,T ] = ε2

t,τVar [ut ] (6)
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Introducing long term shocks(1)

Suppose that L is the longest maturity on the paper market. There is a
shock vt,L on this maturity:

vt,L = ln
(

Ft+1,L
Et [Ft+1,L]

)
(7)

This shock is transmitted along the prices curve; there is a backward move.
At the intermediate maturity L-M:

vt,L−M = ln
(

Ft+1,L−M
Et [Ft+1,L−M ]

)
If it is transmitted in a proportion η, we will have:

ηt,L−M =
vt,L−M

vt,L
(8)

η can be seen as an elasticity in the maturity dimension.
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Introducing long term shocks(2)

If the shock goes until the spot market we will have:

ηt,0 =
ut

vt,L

Introducing this relation into equation (6), we obtain:

Var [∆Ft,T ] = ε2
t,τη

2
t,0Var [vt,L] (9)

If market integration is strong, ηt,0 tends towards 1.
There might be backward flows, coming from the paper market and still, a
prices behavior that is alike the Samuelson effect.
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