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Abstract: Problem statement: This study addressed the essential questions oflinear financial
flows forecasting and prevention regarding the rseaf periodicity. Approach: We implemented
some new computational tools to weigh up the prese periodicity in 10 years financial price time
series. The data consists of NYSE-Euronext listagarations’ closing prices and East-Asian, North-
American and European markets indexes closing @ritesults: Empirical evidence put forward that
the tools allow considering the periodicity pludosecasting side effect for the next months. The
lengths of the cycles are determined for indexea$ assets with strong disparity between the two
categoriesConclusion: Extensively, the results open the road to deterrsingctural changes in time
series by allowing the calculation of the fundamaéffitequencies. It introduces some concepts from
physics and discusses their potential usefulnesisamcial economics. This shows the way to detect
financial and economic extreme events (burst ofbledy companies’ failures, markets or sectors’
recessions) as to prevent them.

Key words: Financial markets, international finance forecastend simulation, financial crises,
NLSE, periodicity

INTRODUCTION theorem, to the model Jehlen (2009a; 2009b). We
discovered that most importantly, the second method
Kendall and Hill (1953); Osborne (1962); Cootnerallows smoothing and denoizing of the financialceri
(2000) and Mandelbrot (1962) investigated thetime series. Hence, it facilitates the research tfar
statistical properties of the successive priceshaires, harmonics. These are the fundamental frequencies
their unpredictable character and the shape ofr theplaying a role in interferences and extreme events
distributions of probability. They all agree to sthat  occurrence.
there are no doubts on the presence of periodititiye In the second part, we summon up the assumptions
financial time series. Granger and Joyeux (1988), aand the theory of the model Jehlen (2009a; 2009b).
well as Hosking (1981); Granger (1995) and LevyDespite the successes in the past of the models
(1954), developed long dependence stochastic modelsiodeling the Brownian motion by means of the one
The most fervent opponent, Lo (1991), countered higlimensional linear heat equation and assets returns
own results explaining that the results could bantb  dynamics by means of diffusion processes resulting
to the method he used: “If there is long dependémce from the Gaussian and one-dimensional framework of
the returns, the accurate test is still missingrtove it”.  Black and Scholes (1973) and Merton (1973) (solved
Facing this “no evidence” proof, we search to assesby Merton by means of the heat equation), we bmoade
this periodicity through methodological investigais. these models to consider a non linear and two-
Specifically, the aim was to confirm the necessarydimensional framework and show that both reasoning
condition of periodicity that allows modeling the and mathematics ensue then in the Schrodinger
market place prices global evolution by means ef th equation. The reasoning and the mathematics alpwin
NLSE (a nonlinear non quantum Schroedingerus to switch to the Schrodinger equation are whafigt
equation). For this purpose, we have developed twextensively developed in our previous study (Jehlen
methods that will be discussed in this study: One2009a; 2009b). The objective of the current stisdyat
through fundamental frequencies computation, therot any longer to prove the new fundamental model
by means of polynomial fit. Both methods are based developed. On the one hand, it consists in expigini
the adaptation of the Von Neuman spectral theorenthe quantitative methods that had to be determaret
through respectively Fejer theorem and Weierstrasanplemented to put in evidence the periodicity he t

366



Am. J. of Economics and Business Administration 2 (4): 366-376, 2010

financial assets prices time series and on the ¢tlved  As the surface consists of several component wafes,
in sharing the forecasting helpfulness of the tesyl various periods and wavelengths, the rise of tiel lef
experimentations with the research community. the marketplace, the free surfageis the geometrical
The third part presents the materials and methodsum of the constituents of the waves. The vertoad
dedicated to validate the periodicity condition tbe  represents by projection the value of the prices
assets prices trajectories. Two methodologies arevolution for every listed company on the marketpla
implemented assessing the periodicity of marketgsri The Fig. 1 represents a double vertical axis: Tihgeu
time series and by consequence the use of the NLSpositive vertical axis, the above zero semi-axis
(Nonlinear Schrodinger Equation) for modeling paske represents the price elevation or decline of esatet
of market prices trajectories. The two inventive assets on the market place (represented by themand
methodologies are explained theoretically andsurface) at each time and the negative vertica, dke
experimented on ten years time series of real data, below zero semi-axis represents the depth under the
the one hand, daily closing prices of six interoadil  surface envelope. Th¢ axis represents the timeThe
indexes from 1993-2003 and on the other hand, dailyy axis represents the additive part of each secimity
closing prices of companies listed on Euronext fromthe total capitalization of the marketplace. Theesif a
1995-2005 and belonging to the equipment economisecurity represents its proportion in the total
sector. The fourth part shows that the findingscapitalization.
corroborate perfectly the assumptions, showingithg
to detect burst of bubbles, companies’ failurestket®s  The postulates and features of the model Jehlen
or sectors’ recessions as to prevent them. It descr (2009a; 2009b): Before reminding here the main
also the different contributions and achievableassumptions and equations of the model built irsehe
applications of the new model and finally, thetfiffart  previous studies, we should specify that it is siotply

concludes. an application of new PDEs taken from physics. It
consists in the result of numerous years of rebefnc

Theoretical background: extending the fundamental one-dimensional heat

The fundamentals of the model and its postulates: equation and Gaussian framework for the representat

The description of the considered system: The  equations of asset returns dynamics into a two-
marketplace is thought about as a whole dynamigimensional and non linear representation of a gtark
system in evolution (Fig. 1). The marketplacep|ace assets prices dynamics.
capitalization is the middle in which the studiesbet
price dynamics take place. The assets prices evnlve The first postulate: It states the necessary existence of
an environment haVing its own characteristics:stioek two Strengths Components of the dynamfbberefore
market where their quotation takes place. In oud@ho  the model postulates two necessary strengths fr th
the whole marketplace, its indexes and shares fa@d t asset prices motion. These two strengths allovagiset
amount of money which is exchanged and investegalue to oscillate and pass by equilibrium pha3és
there, constitute the system. diffusion strength results from the shocks duehtogell
The asset prices and the total value of theand buy orders of the operators on the marketplaée.
capitalization of the marketplace are the studéewlom the diffusion without jumps commonly considered in
variables. diffusion process modeling. Taking in account a
Figure 1 shows the target representation to bgotential strength is new. This potential strength
reached by applying the model. All the securitiesdepends on the position of the asset price, iteszpits
price trajectories of a whole marketplace are m& 0 the endogenous characteristics of the share (and
to one by front of waves to form the envelopefyrthermore of the listed company). We mean by
of the marketplace value and volume evolution. endogenous characteristics what makes the firnligeva
(potential of growth, fundamental value, total skets,
turnover, market share, capital, reputation) of fiha.
This potential component introduces the existerfca o
“sleeping” intrinsic nonlinearity.
S The conjecture of the existence of two strengths

Price

1000

Randomsurface

R o

1000

Timme (days) components implies that the future value of thaistl
random variables depends on the position, X =,(x),t
Fig. 1: Representation of a market place as a dimamat the time of measureaind on the period of timé
system between the last measure and the future measure. We
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define the position X by the following parametexdss  where, a,a, are real coefficientsgp (the flow field
the size of the asset in the capitalization of thefunction),is a complex function of x (the position) and t
marketplace at the time of measure t; z, is thetassand f = -1. Thus, the model allows the representation of
price at the time of measure t; t is the time ofmee. the dynamics of prices composing the random eneelop
The studied variables, the asset prices and tak to (surface) engendered by the packets of assetd kiste
value of the capitalization of the marketplace, arethe marketplace, by means of the SLE, (when extreme
supposed continuous and differentiable functionxpf events do not intervene).
t, 2).
The third postulate: This postulate adjusts the model
The second postulate: The property of flow for the to take in account extreme events occurrences. It
considered trajectories induces the choice of thedr  assumes that the origin of the extreme events (dven
Schrodinger Equation (LSE) as basic representatiosonnected to an intrinsic structural defect, (Stiene
equation: This postulate allows us to define the basic2009; Aglietta, 2008), embedded in the potential,
equation of the built model. The detailed prooftteé  (Jehlen, 2009a), is triggered by an important ewter
property of flow for financial asset price timeissris  non linearity.
given in Jehlen (2009b). This postulate allows us to add a non linear term,
Chorin and Marsden (1993) provide the following iB|dfd, to the LSE equation for the general
definition of a flow: “A flow is the propagation, representation of the dynamics of the assets. fEnin
according to time, of a countable quantity (massrepresents the external instabiliies at the origin
volume, energy), or uncountable quantity (wave)ain crashes, bubbles and consequent corrections aéspric
environment”. Considering our model, we observe tha(the massive contributions and removing of capitad,
the collection of all the future possible statessgible  excessive speculations and the contagions). Weilptest
asset prices future positions) is uncountable. that it can either be positive or negative. Theoeissed
The Fig. 2 represents the bundle of possible pathgsks belong to the systemic risks. The specifinldear
between two measures M and M’ of an asset positioSchrodinger Equation for our model spells:
X.
The set of possible future values and positions isgop 1)

_ . . 2
uncountable; therefore the future trajectories ban 3 —aa+laﬂ¢+l[3‘¢‘ ® (2)
modeled as waves. However the observations of asset

prices positions (the realizations) belong to d el It is denoted NLSE. Where ay, B are real

compact domain taking values irf.RAs a result the
studied system is also limited to a bounded regibn

the phase space, besides it presents a fractaatbar : : : :
The detailed mathematical proof (Jehlen, 2009a98D0 2?;%%2;?3:22::33ie”es are supposed noarjiner

confirms that thg representation equation for the Since Bachelier (1995) and Black and Scholes
dynamics of the prices of the packets of assetiettan (1973) and Merton (1973), denoted 1973 BSM. every
a market place develops too in the linear Schragdin . ) o o

equation, SLE. contmuous t|me.default nsk_ model or pricing model

The specific LSE of the model spells: considers the Wiener Brownian as a determinanhef t

asset dynamics equation. Einstein (1905), charaeter

the Brownian motion by the means of the heat egnati
—=-a— + 0— 1) as representation equation of the dynamics. Heidenss
a perfect fluid and the normality of the distritouttiof the
moves. Merton (1973) assumes the form C(S;t) =
Bundls of possible paths f(t)y(uy,w), for the solution of the BSM PDE and

: represents the dynamics of the unknown functioryy b
means of the one-dimensional equation of heat,tddno
EH. The assumptions are perfect market hypothasids a
gaussianity of the distribution of the returns.

The Table 1 establishes the correspondences
between Merton (1973) and Einstein (1905) and our
upper-dimensional model in accordance with Jehlen
Fig. 2: Representation of the bundle of possibtapa (2009a; 2009Db).
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Table 1: Correspondences between Merton (1973%t&im(1905) and Jehlen (2009a, 2009b) models

Merton (1973) Einstein (1905) Jehlen (2009a; 2009b
Solving of the European call EH representatiorttierdynamics LSE representation of the dynamigsokets
price 1973 BSM PDE by means of the EH of the Bramnhotion of assets prices, out of extreme everdsroence
ﬂ:l(azyj ﬁ:Dﬁ aﬂ:—aaﬂ.{. IG@
ou, 2{02%y ot ox2 ot ox ox?
Constant coefficient 1/2 Constant diffusion coeéiic D Real coefficienta anda
depending on the middle depending on the markeepla
Function y Flow functiori Envelope flow field functiorp
Variabley, (Time t) Time t Time t
Variablep, Spatial coordinate x Spatial position X = (x,)}t, z
One-dimensional frame One-dimensional frame Twoedsional frame

Periodicity, a feature that allows forecasting and  April 27th, 1993 to July 14th, 2003, for the sixlaxes
prevention, analysis and regulation: The following  considered. All the companies in the 213 panel show
results ensue from the necessity to verify the tmmg  the first year a turnover superior to 750 000 Ewand
of non stationary, periodicity and size) allowing t leverage superior to 350 000 Euros. This exclude® f
apply the NLSE equation. We will see that thethe dataset the tiny companies but ensures a rather
compliance to the size condition is obvious. Nonhomogeneous sampling. The tests are based on the
stationary has largely been put in evidence inrfoi@  calculation specificities and programming (expldine
literature. The third condition, periodicity, untbtday pages 5 to 9 in this study when we describe the
was more controversy, periodicity was assumed immethods) of Matlab blocksets and toolboxes provided
consideration of long dependence but cycles hagémev by the Mathworks company.
been measured.
The conditions of appliance of NLSE and the
MATERIALSAND METHODS periodicity: To apply the NLSE equation three
conditions must be satisfied: The size of the elgme

The data considered for the operated tests: The data moving in the middle must be tiny in consideratimn
used for these tests are, the daily closing pricem  the volume of the middle. The time series must te n
1993 till 2003 of the French CAC 40, Canadian TSX,stationary and periodic.
German DAX, English FTSE, American S&P500 and As shown in Jehlen (2009a; 2009b), the
the Japanese NIKKEI, indexes and the quotations onondition of size is satisfied for the indexes asllw
Euronext from 1995 till 2005 of French companies ofas the asset prices. For the indexes, the sizenof a
the specific branch of industry motor and equipmenindividual share represents in average °16f the
and automotive. This chosen sector consists of 213apitalization of the index and respectively foe th
companies. It represented in 2005, 36.7% of th&ompanies, the nominal of an individual share @f th
turnover and 20% of the added value of the totakector represents in average 1.12R16f the total
manufacturing industry, as well as 16.4% of theflpat of the sector.
workforce, what makes it interesting to study. The  The condition of non stationary characteristic of
dataset of Euronext quotations originates from theasset price time series is also satisfied. It hasnb
laboratory DRM-CEREG CNRS, UMR 7088 at Paris-|argely proven in the financial literature. The non
Dauphine  University, with Euronext-Parisbourse stationary has been demonstrated by numerous author
Limited Company sourcing. The high frequency datasefrom Mandelbrot (1971); Boness al. (1974); Fielitz
volume for the 86 listed securities representstal tof (1971); Lo and MacKinlay (1988) and Poterba and
23 gigabytes. For the indexes, historical data oS  Summers (1988), to McCauley (2004) stating:
a base of 5.1 gigabytes. The size of the dataket fi “Observed financial market distributions are vegy f
made complex their manipulation and required doublefrom stationary”.
core computer equipment and a Linux universe feirth By consequence, the key point consists in assgssin
treatment. To fulfill the testing of the periodicitve  the condition of periodicity.
decided to consider only the daily closing pricEke
daily closing prices from 1995 till 2005 for the The literature point of view on periodicity: Though
companies securities consist of 210 000 obsenationthere are no doubts about the existence of peitgdit
and the indexes empirical analysis is founded 0B 17financial asset price time series, the computationa
900 daily closing prices, over a period rangingnfro evidence is still missing. Facing this “no evidehce
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assertion, we search to assess this periodicitiuriea according to time by a sinusoidal wave having aoger
through some new methodological investigations. of 24 h. If the Fourier Transform is made on this
In the early sixties, Kendall and Hill (1953); sinusoidal wave, it is noticed that it contains yoal

Osborne (1962); Cootner (2000) and Mandelbrot (1962single frequency”.
investigated the statistical properties of the sssive Of course, this case is elementary and needs no
prices of shares, their unpredictable characterthed special calculation method to help at the detertitna
shape of their distributions of probability. Theyl a of the period. It is totally different in the casé the
agree to say that there are no doubts on the @esEn financial prices time series, we study. Then meshod
periodicity in the financial time series. Mandelbro |ike the Fourier Transform or the Fast Fourier
(1963) states that periodicity may not be detea®the  Transform are of great help. The advantage of tet F
period of the phenomenon exceeds the interval 0Zourier Transform is that it separates the even
measure. Then the period extends over all theviaker frequencies of the odd frequencies during the
of measure, rejecting the no periodicity postulaté® .- 15ii0n of the Discrete Fourier Transform to
will see in the results part that the cycles thatput in .

decrease the number of operations. Thus we

evidence for the assets daily closing prices tiewe : . .
are effectively large y gp S characterize the harmonics (fundamental frequencies

The Fig. 3 in the vein of Von Arx, (1962), is an by means of the Fourier decomposition theorem, the

example of periodic phenomenon for which the periocf@lculation of the ~Fourier ~coefficients and the
extends beyond the range of measure: It represiemts determination of the spectral Density of Power
movements of the water of a lake and the periogitec ~ SPecified either in days per cycles or in frequesicthe

of the move. one being the inverse of the other.

Since the eighties, numerous researchers have The first step of reasoning and computation is the
linked periodicity with non stationary and long gen following: The Fourier decomposition in harmonic
dependence evidence as Greene and Fielitz (197aves allows a fine analysis of the non stationary
Granger and Joyeux (1980), as well as Hosking (1981signals. It is based on the seminal works of Huggen
and Granger (1995), developed long dependenc€l690), those of Bernoulli (1754) and those of keur
stochastic models. The most fervent opponent, Ld1768-1830). Huygens (1690), defined the famous
(1991), countered his own results explaining ttet t Principle of overlapping: “The waves cross eacheoth
results could be bound to the method he usedhéife  and unite so that, appreciably, they form a singee.
is long dependence in the returns, the accurateiges The wave, in a given point, is the overlapping foé t

still missing to prove it”. wavelets emitted by the diverse points”. This pple
can be considered as “the” principle constituenthef
The new periodicity tests developed for our model: concept of wave. If a simple addition allows conifin

If asset prices dynamics behave like waves therst muwaves, then reciprocally these waves can be
exist fundamental frequencies characterizing theidecomposed into a sum of elementary waves, called
periodicity. This study implements two innovative harmonics.
methods of periodicity characterization for finaaici Second, the Fourier Theorem allows to formalize
time series. We illustrate these two methods oh Hoe  Mathematically this decomposition: It reads forlrea
real data of daily closing prices for the indexed &or  functions: «Any function f(x) of a real variablecan
the securities belonging to the studied economitose ~ under certain conditions of regularity, that we lsha
suppose satisfied, be decomposed into a sum of
First method, the frequencies determination by  harmonics of the variable X, according to
means of the spectral Feer theorem for the f(x) =) C,explilwx+an)]. Each elementary Fourier
computation of the fundamental frequencies: The on ] ] o
principle of calculation for the search for perigt) is coefficient is charactgnzed by its rate of evauntw in
straightforward, the following example AndreasenX» In continuous time, these discrete sums must,
(2005) explains it easily: “ If we are interestedthe  Naturally, be replaced by an integrakin
measure of the temperature in a given place acuprdi

to time, intuitively we can expect to have a domina ' Outlines of the
frequency of 1/24 h or 0,042 which represents the %/—\mﬁ/
maximum of heat in the daytime (peak at around . i

midday) and the minimum of heat at night (hollow
towards midnight). By considering an interval of aFig. 3: The period of the move extends the range of
week, we can approximate the temperature variations measure (the lake)

370



Am. J. of Economics and Business Administration 2 (4): 366-376, 2010

Third, as we model financial asset prices timesix indexes by use of MATLAB for the programming
series like waves, we base the method on thef the algorithm. In this phase, the output is & cfe
trigonometric Fejer theorem (the extension of thecomplex numbers defining the amplitude and the phas
Fourier theorem for complex valued functions): “Let of the frequencies components that shows symmetry
denote f, (in our testing: The function of eacheass near the imaginary axig E O.
prices path), a complex valued function, supposed For instance, the two Fig. 4 and 5 display the
periodic and defined over the period T, (in outitgs  coefficients resulting in the case of respectiveig
10 years) and let (Che the associated series of thecompany 29512 and of the French index CAC 40.
Fourier coefficients,C, :ij(t)exp(—Znint)dt, then the We operate the calculation of the periodogram that

function f(t) can be described as a suite of cosing IS @ technique of estimation of the spectral dgnsft

sine functions on the interval (0, T) of modulg Gor  power of the signals, by use of MATLAB for the

n = 0, the value of the coefficient of Fourierigtmean programming of the algorithm, for each index and

value of f. companies time series. This spectral density captur
the frequency content of the stochastic process and

The second method is the non parametric  helps identify the periodicities. The spectral dgnef

polynomial fit of the studied time series: It is based  power is computed as the square of the magnitude of
on the extension of the Von Neuman spectral theoren},o rourier transform of the signal.

for our studied series: “Let f(t), (our function afset
prices path), be a continuous function on an irsteas
a Banach space (the path we consider is continaiodis 8000
the measures (the realizations) belong to a compac
domain of K", then according to the theorem of

Weierstrass, it can be found a suite of polynontal&) e
approaching f(t) uniformly on this interval”.

Fourier coefficients in the complex plan 29512

6000 -

LEMMA: “First, let us consider the possible future
trajectories of the prices for the built model, the 7
possible future states of the system are modeled by - &
process denotedp(X, t) which takes value in the

vector-space defined by a base of N vectors:

Imaginary axis

=2000 -

d(X, t) 1 Q x [0,+] - M where the set M is defined 8000 : :

-S00 0 500 1000
by:M={e..5} O R, under real probability and Realaxis
where X is the position that we definprkviously as< ) ] o
= (x, t, 2), at the time . Fig. 4: Fourier coefficients for the company 29512

Second, in contrast, the collection of the observe

values (asset prices positions) of the studied mhjma ) Fourierc_oetfficizntf iln the complex plan
system is measurable. These realizations belong to 252 s ] ‘
compact subsef of M. Then by application of the 2 (o |
theorem of Heinef3 being a compact subset of this 15} :

normed vector space, any continuous functior3ds 1
uniformly continuous there.

Third, considering the functional that are theedin
continuous applications composing the trajectories,
these linear continuous applications of the spate i
itself form a Banach space, consequently the smectr
theorem applies to the studied financial series”.

asf

maginary axis

-0.5

RESULTS % = = 4 % =2 2 @ @ 2
Real axis %103
For the first method: The Computation of the Fourier
coefficients is operated for the 86 companies dm t Fig. 5: Fourier coefficients for the index CAC40
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Table 2: Summary of the diverging range featuresyofes for companies and indexes

Closing prices CAC 40 France NIKKEIJapan TSX Gfma DAX Germany Company 29512 Company 35356 Compa625
Cycles in 300 300 250-300 250 120 280 100
Number of days 500 500 600 600
800
" ‘10:" § I ) ) r I . ] — Daih'inldex cla‘shlg
= 349.3%2! Tz — 16385 —

8000 - 255853 + 1 +3830% = 3360
Where z = (X-7.2002+05)/1077 l‘)
7000 "
4 — France f
4 — Gth degree { M‘h 'g\ ‘
6000 || — Gemany J i 1

Periodagram

f "
5000 - f * |FI-""W

Index value

[}
4000 | il \
3000

Vo \( \h n .,"‘I‘
i f ! W
1 t I oand ¥ J
L ! 7’
Ltf\\i S A .-"\.""J‘lm-”,t"‘//
o " L s L L s L 2000 + i - ;;sz -

L
o 0.0s5 a1 Q.18 02 025 03 035 04 045 05

Creles vear™

00 — T, —
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
. . . Data

Fig. 6: Power spectrum density of the frequencas f

the company 29512 Fig. 8: Polynomial approximation of French CAC 40
index ten years time series

10° Cyveles in number of days

The indexes present generally two cycles lastiogaa

o 300 and 500 days and the companies, a unique cycle
which is shorter, close to one hundred days. Wertep
also, in this Table 2, two exceptions that are36856
company which frequency (280 days) is out of the
range for unknown reason and the Japanese NIKKEI
Index for which a third cycle intervenes in theisgr

Power
w

For the second method: The method shows predictive
results (ranging from 4-6 months), for the valuéslb
the studied assets, for the six international iedex
j ; tested, as for all the companies of the sectoedest
. . 50 o More importantly, the method allows smoothing the
Period (dayspercycle) . . o .
time series to facilitate the research for the Iarics
Fig. 7: Power spectrum density of the periods far t (fundamental harmonics intervening in interferences
com and extreme events). These outcomes arise while
pany 29512 I . I
considering either ten years or two years dail\siclg
prices time series, (a complement testing wouldde
test this feature for other frequencies of meashes
daily closing prices).

L L
o 100 200 300

By use of MATLAB for the programming of the
algorithm, we compute the periodograms, plottethan

Fig. 6 and 7, of the power of the signal, in order o . : ; -

X : nly 10 figures are given in this study for
respectively render the frequency and the periodhe preservi);lg the gnumber Ofg pages of the Stl)J/dy in
29512 company. _ reasonable length.

This method has been implemented on both  The polynomial fit of the ten years time series of
Indexes and Companies of the data set. The remdts qajly closing prices for the French CAC40 indexnfro
summarized in the representative extract of thdeTab April 1993 to July 2003 results in the Fig. 8. (Tdtber

The results bring to light the periodicity and jndex time series represented above the CAC 40xInde
allow the valuation of the periods and the prices concerns the German index DAX). The fithis t
frequencies. The findings show a large differencesmooth (denoised curve). The Fig. 9 covers the next
between the indexes and the companies perigdicit months of the polynomial estimation from 19871020
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Fig. 10: Haar decomposition of price time series

) ) . This periodic feature combined with theoretical
Fig. 9: Twenty years of French CAC 40 index closingmathematical modeling through NLSE computation,
prices (Jehlen 2009a; 2009b), can help at the better
comprehension of crisis and ruptures and all theemo
It shows the good prediction of the future tendebgy useful for prevention and regulation.
the fit and the excellent forecast character of the Researchers in hydrodynamics (Dysthe and
method on a short-term basis of four to six months. Trulsen, 2001), proposed a particular solution e t
NLSE, to explain the giant waves of 30 m heiight
DISCUSSION oceans, causing the wrecks of big ships.
Consequences of the periodicity feature: The short-term price evolution forecast feature put
in evidence through polynomial fitting. The
» The periodicity feature legitimates the use of thepolynomial fit seems to take on an unmistakabldityua

NLSE to model market place envelopes of short-term extrapolation of the future values.
* The periodicity feature allows the detection of However, this method was not driven for the forécds

interferences and Benjamin Feir instabilities prices but to simplify the search and calculatiérihe

through frequency and speed calculations. fundamental frequencies. The polynomial fit main

The Benjamin Feir focal interference expressegquality consists in simplifying the time series ant

itself through explosions and collapses. If simple cosine and sine curves. It results in a ebrt

calculation of speed is trivial, this method allotiwe =~ smoothing of the time series oscillations. Thus the
determination of the harmonics. Therefore thedetermination of the fundamental frequencies of the
methods developed in this study help to detectifocasignals by this second approach can be largely
interference or absorption of energy from nearbyfacilitated, the noise being eliminated from thees
securities and open the way to detect abnormal

moves, bubbles and collapses (on-going research). Contribution of the model itself (Jehlen, 20093
» The periodicity feature embedded in the studied2009b): By deviating from the Gaussian and one-

time series authorizes Haar decomposition of thelimensional frame of Black and Scholes (1973),

time series. It allows the detection in the midofe Merton (1973), denoted 1973 BSM, specific

the profusion of the peaks, of the moment at whichepplications are: Extending the Black and Sholes

the trajectories change as well as the amplitude of1973) and Merton (1973) frame and endogenous

the structural change Markov regime-switching models for the calculatimn
options.

By applying the Haar decomposition to the global Besides, the global 2D reading of the market place
set of the 83 companies of the sector, only onthef time series aims at detecting the similar behawabr
companies’ time series showed a rupture and a ehanglasses of assets, the inflections points and dugegs
in its structure. The decomposition is plotted e t of development of bubbles before breaks.

Fig. 10. NLSE computation may be used to model the

Wavelet analysis has not a predictive effect.evolution in respect to the time of the random atef
However the computation of frequencies and speedenvelope in order to forecast global price evolu@gmd
enables to determine the problem before occurrence. instabilities.
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The computation of geometric rupture points aims
at detecting the instabilities like inflection ptsreven
in individual trajectories.

CONCLUSION

Using data of NYSE-Euronext listed corporations
and data of East-Asian, North-American and European
markets indexes, we implemented some new
computational tools in finance that are harmonics
computation by means of the Fourier Decomposition
theorem, on the one hand and polynomial fit through
Weierstrass theorem, on the other hand. Empirical
evidence shows that the harmonics’ determinatiobe, t
cycles’ determination and the smoothing of the time
series are successful with these tools. For tisétfime,
the periodicity is fully put in evidence in finaatiasset
price time series and the frequencies and the ¢giedice |
measured. In addition, the method points up thatgre
disparity of indexes’ price evolution cycles (25006
days) and securities’ price evolution cycles (180-2
days) for daily closing price time series. Besidis,
pinpoints a systematical forecasting side effecttf@
four to six next month’s values. Finally, this syud
weights up the periodicity assumption of the maodel
proposed in Jehlen (2009a; 2009b), allowing the
modeling of financial prices evolution according to
time by means of the NLSE, Nonlinear Schrodinger
Equation. Therefore, another input of the studydess
in introducing some concepts from physics, to make
them known to a wider scientific community and
discuss their potential usefulness in financial
economics. Hence, it has the potential to stimutlée
interest of applied econometricians and financial
economists. Extensively, the model intends to fod
structural changes in time series through the tatiom
of the fundamental frequencies. This shows the tway
detect financial and economic extreme events (lagbbl
and burst of bubbles, companies’ failures, markets
sectors’ recessions, excessive speculation) asetept
them and for regulation purposes as well (on-goin
research).

Endnotes:

* The specific SLE equation does not entail the

Planck constam=21. Our economic frame
Tt

departs from the quantum framework of the initial

Aglietta, M.,

not the sameTherefore our equations (resembling
the Novikov et al. (1984) water wave equations
used by Changet al. (1995), do not entail the
Planck constant. That assumption taken in our 2006-
2008 work is also established in NottdR009). It
relies on the “principle of relativity of scale”,
which postulates that the fundamental laws of
nature must be valid regardless of the “state of
scale” system of reference. It complements the
“principle of relativity” of Galilean, Poincare and
Einstein, which applies to statements of position,
orientation and movement. In a fractal space-time
as the one we consider for the model, the
fundamental law of dynamics in such geometry is
especially that of the Schroedinger equation, which
can be generalized as to no longer necessarily
depend on the microscopic Planck’s constant.

For the same reason as the one given for the
specific LSE, there is no Planck constant in the
considered NLSE equation

Former researchers have applied spectral theory and
hydrodynamics to finance. By instance, Azetisl.
(2005), model the level up crossings with a maximum
likelihood method, based on the hypotheses of
normality and stationary of the moves. Recently
Printems (2005), started studying the stochastic
behavior of the Korteweg de Vries equation in the
case of the INRIA Premia project, which is dedidate
to improve option pricing methods
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