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Important Questions

Examples : history and universality

Stock Exchange Crashes : Phase Transitions
Earthquakes and Vlaterial Failure, and Sand Piles
Are Crashes Rational? D screte Scale Invariance
What Happens After a Crash ?

Ricnter Scale tor Financial Markets
App. A: Domino effects
App. B: Detrended Fluctuation Analysis (DFA)
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1. ... questions

s 1. Important Questions
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CACA40 « crashes » in 90°s

Table 1. The drop in CAC 40 values o the 1990°s. The "date” is at the start of
the "drop”, given in % and A is the tine interval over which the drop occurred

Year 1991 191 1992 R BY 1995 19491 L9997 LUUN

date  Aug 02 Angd8  Jun 02 Auagd0 Aug2l  Jun. 30 Jul0l  Jul20

(h'up 211 R 12 12 11 i LU 20)

A g ow 3}11 2 m I I 1w 1 m 2 m I
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Speculative bubbles
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VIQ.uestions

s Origins? = Predictability?

= Rationality? = Precursors

= Speculative Bubbles , »
s Universatility?

s Models

s Extreme events

s Phase Transitions?
s Avalanches?

= Outliers = Noise
= Strengths? s L.R. Correlations ?

= Aftercrashes s (make money?)
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2. ... history and universality

m |. [mportant Ouestions

o
\)

.Ex;tmples history and universality

P Q- | c ‘A'rml Farlal P ricien [ er i ct
m 3. Stock BExchange Crashes : Phage Transitions
m 4, Barthquales and Material Failure, and Sand Piles
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Tulipomania

s 1559 Conrad Guenster

s 1661 first « stock market »
= 1625 investment rage starts
s 1635 see next page

= 16371 BB =550 NLG

= 16371 BB=0NLG
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1635

m |1 Bubble :

= 4 tons of wheat
s +4 oxen

s + 8 tons of rye

= + 8 pi1gs

m + 1 bed

s + 12 sheeps

s + clothes
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= | Bubble :
= 4 tons of wheat s + 2 wine casks
= +4 oxen = + 4 tons of beer
= + 8 tons of rye s + 2 tons of butter
= + 8 pigs = + 1000 pounds of cheese
= + 1 bed a + 1 silver drinking cup
s + 12 sheeps
s + clothes
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remedies

s Amsterdam Parliament : = Supreme Court Ruled :
= « all contrats are void » = « this 1s gambling »

= no debt, « by law »

m If dealt before Nov. 1636

= And after ... OK, Galileo Galilei

= for 10% value (1564 - 1642)
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Monopolymania

= 1694 Whig Bank of England

= 1711 South Seas Co. (tory
govt.)

s 1703-11 Spanish succession
war

s 1718 war (again)
s Compagnie du Mississipi
« Monopoly »
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1719

s England Public Debt s March 01 : 175 GBP
goes to S. S. Co. stock s April 01 : 200 GBP
HOICETE = June 01 : 500 GBP

= July 01 :1000 GBP
s Oct. 01 : 100 GBP

. Isaac Newton
L9992 I/
Remedies : 7?7?... 1! (1642- 1727)
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Oct. 24, 1929
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3. Stock Exchange Crashes

m 1. [mportant Questions
m 2. Bxamples : history and universality

ormino effects
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235

215

1.95

1.75

1.56

1.35

1.15

095

crashes

1987 vs 1929 vs 1997 A

All data normalized to percent return

1987 data starts 12/84, 1929 data starts 12/26

1997 data starts 12/94

http://mww.lowrisk.com black = 1987

.

blue = 1997
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Phase transition(s)
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FIG. 1. Specific heat of URu,Si, plotted as C/7T vs 77
(above) yielding y and ®p, and as C/T vs T (below) show-
ing the entropy balance.
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Critical fluctuations DJIA 80-88
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DEFINITIONS

s “Variability” p y0 =ye+a9 -y

» “Normalized variability”
Z(,A1) = [D 4, y(®) - <D 4, y>] /5,

Time lag effect ?
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Clustering 87
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outliers
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October crash timing

m Oct. 27, 1997 : Asian crisis

= (we predicted the timing at least three months ahead)

= NYSE market was stopped at 02:00 p.m. (alag)

s Oct. 19, 1987
= 30% 1n one day

= Oct. 24, 1929

Monday, ......, Thursday
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DAX phase transitions
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Fig. 3. DAX evolution between Jan.01. 1980 and Dec.31, 1998 with the mean field
behavior, the time(s) t*, corresponding to the Ginzburg — Levanyuk temperature
hounding the critical fuctuation region, and the critical crash day(s) t.
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Fig. 2. DAX volatility between Jan. 01, 85 and Dec. 31, 88
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4. Earthquakes ... and Sand Piles

m 7. Bxarnples : history and universality
I

orino effects
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analogy
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5. ... Discrete Scale Invariance

m 1. [mportant Questions

m 2. Bxamples : history and universality

m 3. Stock BExchange Crashes : Phage Transitions

m 4, Barthqualkes and Material Failure, and Sand Piles
= 5. Are Crashes Rational? Discrete Scale Invariance
m 6. What Happens After a Crash 7
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DSI (tree)
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DSI log-Periodic

m slope =D, 1
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Universality ?
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for fit log-P

e —tN\™ i te.—1
y=A+B(t_) [1+Csm(wln(t )-l—cb)] for t <t. (1)

tc—-t . tc_t
= acmn(SE) [recam(en (42 +6)] o o<t o
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T ———
divergence fit parameters

Table 2. Values of the coeflicients in Eq. (1) that resalt from fitting different
financial mdices to Eqg. (1)

Leiden,
Feb.2010

Period  Iodex i A Vi i I
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log div. specific heat SPS00
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log divergence parameter fits

mndice - (période)

DIIA (RO-87)
DJA (90-97)

88 46x0.04
98.68+0.04

97.92+0.02

2.382+0.123

2.278+0.045

8791010
97.89+0.06

87.79
97.81

S&PS00 (80-87)
S&PS00 (90-97)

88, 78:+0.05
08.67+0.04

87.89+0.03
97,90+0.0:2

2.528+0.127
2.549+0.163

R7.88+0.07
97 .85+0.08

87.79
09781
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Double enveloppes
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Double enveloppe : 92-99
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Double enveloppe 82-88
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Double enveloppe technically
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Double enveloppe pattern 82-87
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ramification

L+t — Ly e 1

bmlls | B s A=exp(2m/m)
5 =6 => A=3

o AN . .
. I —1 s ramification

Table 3. The A and 17" values obtained for three indices following the wethodology
explained in the text, The real rapture point of Oct, 19, LIST is £, =87.749, and that
of (ct. 24, 97 is 1-=97.81

Period S-RT 97
[ndex Dow S&PA FTSE Dow S&PA FTSE
A 2088240128 2 52800127 23650, 13T 2278000045 2549200163 237450054
(777 RTOLE0.10 RTERED.07 KRTRTEOUIO] 9T ROE(LU6 9T 85008 YT RHE.UH
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Sandpile simulation => model
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D, = (In7)(In3) = 1.77

. . D,=(ln6)/(ln3)=1.63

m Ramification effect Dj: — (In 5)/(In 3) = 146

Leiden, M. Ausloos 57/xxx
Feb.2010



nis)

Leiden,
Feb.2010

(F

| G.l

|u-5 Y A Y (TS| it "
1 18 1ou 10040
o
16" T T T — T3
S ;
g l E
T
S ’8 '.'
1ef ‘
E '1..| ' ‘h
A f |
+ h '. 'l’ ‘
3 ] .
107 - Wi L e
£ Wl s
il i) | |V
W h W ._
r rhi i b frh
et = A b o
E AV | ”"\5'" v 'ﬂ" '\ N I~
B | O yoy 13
Tt 1 Ll (| PSS T0 TR ST 1 ] ' Lo

Low connectivity

L T e B s S s S o L B w2 2 Y

N\

¢

Bt i o Bl Sl L Ut RAL S G L s B L L
i

a 20 40 G0 6gd 1090 20 140

M. Ausloos 58/xxx




Double enveloppe 97-02
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6. ... After a Crash ?

Irmportant QQuestions

Bxarmples : history and universality

|, I_“~ UP ‘A, r (-|'| P(q r I r (‘P B r el s el
\ NAnNge Lrasnes | ridsc 1TdnsSIitions

Are Crashes Rational? Discrete Scale [nvariance
What Happens After a Crash ?
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Before - After
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DAX : 9 strongest crashes, after
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Fig. 2. The evolution of the nine strongest DAX crashes i (a) PMP, (b) ML,
(e) MMP, and (d) MMM ciategories as listed in Table 5: yo denotes the indes value
at the "origin of recovery”, e the value of the signal at the closure time of the
crash dav. The thaek solid bne corresponds to the average evolution of the wcovery

signal i each category
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DAX fluctuations after crashes
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Fig. 1. The distribution of the Huctuations of (a) PMP, (b) PMM, (¢) MMP, and

(d) MMAM. as cowpared to the Gaussian distribuation for the DAX betweon Oct. 1

L9539 to Dec. 80, 1998, Dotted lines correspomd to a Gaussian fit to the central part
of the distributions
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PMP PMM MMP MMM

' PMP | PMM if MNMF
| & of easch = 860 | 5 of cases = 1247 | # of cases — 1247
Oct 22, 87 | -0.090 |« Oct 26, 87 | -0.070 | Oct 12, 89 '

e Oct 20, 87 | -0.069 |« Oct 28, 87 -0.043 | Aug 15, 91

3 || Dec 29, 87 | -0.058 || Aug 20, 97 | -0.040 (aOct 24, 87

4| Mar2. 61 -0.056 || Sep 15, 88 |-0.040 | May 25, 62

a Jul 3, 86  -0.053 || Dec 23, 87 -0.035 | Nov 6, 87

6 |eOct 21, 97  -0.0MS | Jan 7, 88 | -0.0236 | Sep 30, 88

T Dec 4, 96 | -0.041 Oct 18, 82 -0.035| Aug 19, 38

] || Mar 26, 97 | -0.040 || Nov 19, 73 -0.032 | Aug 2, 00

af Jan 17, 74 | 0.030 || Aug 15, 62 -0,032 | Mar 11, 72
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-0.075
-0.068
-0.065
-0.061

0,066
-0.055

MMM I

# of eases = 1360
‘aOct 15, 8T [-0.099
Sep 9, 98 | -0.080
Sep 20, 98 | -0.057
Nov b, 87 | -0.053
Nov 27, 98 | -0.049
May 24, 62 | -0.043
Jan 10, 91 | -0.040
Qct L, 92 | -0.037
Aug 15, 90 | -0.036
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7 . Richter Scale ...

m |, [mportant (Questions
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8. App. A: Domino
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m 6. What Happens After a Crash 7
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domino
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Symmetry breaking
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m |, [mportant (Questions
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B D, SIOCK BXCNANZT LIdSNes | rdSt 1Tansitions
m 4, Hartnouakes and Material Failure, and Sand Piles

= 9. App. B Detrended Fluctuation Analysis (DFA)
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Standard & Poor 500

http://finance.yahoo.com
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Southern Oscillation Index

http://lwww.cpc.ncep.noaa.gov/datalindices/
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The Southern Oscillation

Darwin (Red) and Tahiti {Green) Smoothed Pressure Anomalies
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Source: http://www.ucar.edu/communications/lasers/elnino/Figure 1.html

refers to a seesaw shift in surfuce air pressure
at Darwin, Australia and

at (the South Pacific Island of) Tahiti  (Henson, 1998)
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hitp://www.bom. gov.au/climate/current/soi2.shtml

Chart last updated: Friday 2nd June 2006
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s “Variability” p, yw) = yt+ap) - yv)

n “Log returns”
L Z(t ,At) = log[y(t+At) /y(1)]

» “Normalized variability”
Z(t,At) = [D,; y(t) - <Dy, y>] /04

Time lag effect ?
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Detrended Fluctuation Analysis
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SOI Forecast
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Detrended Fluctuation Analysis

on SOI
increments
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Detrended Fluctuation Analysis

S&P500; Jan 1980 ~ Dec 1999 on SP500
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SP500 80-99 B
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DFA SOI
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DAX DFA(q)
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DFA(g)
word length (L); word frequency (F)

Toxtes DFA-1 Pente 0-200 Erreur 200-5000 Erreur 0-5000 Erreur DFA-2 Pente 0-200 Erreur 200-5000 Errour 0-5000 Erreur
LTS

Enalish 10.538 2E-3 0.685 1E-3 0684 1E-3 0.52 1E-3 D685 1E-3 0663 1E-3
Esperanto 0.616 2E-3 0619 2E-3 062 2E-3 0.452 2E-3 D706 2E-3 0704 2E-3
Lacking glass 0.531 2E-3 0.58 1E-3 056 2E3 0.511 1E-3 D542 1E-3 0543 1E3
Enalish shuffie 0,461 2E-3  0.584 1E-3 0581 1E-3 0472 2E-3 D817 2E-3 0811 2E-3
Esperanto shuffle 0.519 4E-3  0.507 1E-3 0506 1E-3 (0.526 3E-3 D461 2E-3 0464 2E-3
Laoking glass shuffie 0504 3E-3  0.587 1E-3 0584 E-3 0.513 2E-3  0.581 1E-3 0579 1E3
(253

English 0491 2E-3  0.561 2E-3 0561 2E-3 0.463 1E-3 0585 1E-3 0584 1E-3
Esperanto 0518 2E-3  0.544 1E-3 0545 1E-3 0.482 2E-3 047 1E-3 0475 1E-3
Looking glass 0.501 2E-3 0777 3E-3 0774 3E-3 0.471 1E-3 0.7 1E-3  0.695 1E-3
English shuffle 0.625 1E-3  0.534 1E-3 0533 1E-3 0.815 1E-3 0568 1E-3 0586 1E-3
Esperanto shuffie 0518 1E-3 0474 1E-3 0478 1E-3 0.817 2E-3 (.455 1E-3 0480 1E-3
Looking glass shuffle 0.524 1E-3  0.480 1E-3 0480 1E-3 0.535 1E-3  0.508 1E-3 0505 1E-3

DFA-3 Pante 0-200 Eraur 200-5000 Ereur 0-5000 Errour DFA-4 Pente 0-200 Erreur 200-5000 Erreur 0-5000 Errour

LTS

English 0514 1E-3 0678 2E-3 0675 2E-3 0.511 2E-3 0887 2E-3 0684 2E-3
Esperanto 0475 2E-3 0759 2E-3 0755 2E-3 04855 2E-3  0.862 1E-3 0859 1E-3
Looking glass 0.508 1E-3 0,57 1E-3 0.56¢ 1E-3 0.507 1E-3  0.558 1E-3 0558 1E-3
English shulfle 04853 2E-3 056 2E-3 0556 2E-3 0469 2E-3 0474 1E-3 0474 1E-3
Esperanto shuffie 0.629 2E-3 0487 1E-3 0461 1E-3 0524 2E-3 0489 1E-3 0472 1E-3
Looking giass shuffle 10517 1E-3  0.534 1E-3 0633 1E-3 0.519 2E-3  D.553 1E-3 08581 1E-3
FTS

Enalish 1E-3 0621 1E-3 0B18 1E-3 0.448 2E-5  0.547 1E-3 0548 1E-3
Esperanto 1E-3 0507 1E-3 051 1E-3 0.452 2E-3 0522 1E-3 0524 1E-3
Looking glass 2E-3 0676 1E-3 0673 1E3 0 449 1E-3  0.656 2E-3 0652 2E-3
English shuffle 2E-3 0.545 1E-3 0543 1E-3 0.500 2E-3 0.519 1E-3 0519 1E-3
Esperanto shuffle 2E-3 0480 1E-3 0483 1E-3 0.504 2E-3 0519 1E-3 0520 2E-3
Looking glass shuffie 2E-3 D517 1E-3 0516 1E-3 0.515 2E-3  0.508 1E-3 0505 1E-3
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Growth per Competition

Combative  hostility  toward
competing faiths characterizes
fastest-growing Pentecostal
group, the Universal Church of
the Kingdom of God, in Brazil.
Its authoritarian bishop, Edir
Macedo de Bezerra, 4z, began
preaching in 1977 to a dozen
curiosity seekers in a rented room
above a funeral parlor; today his
flock is 2 million strong. The
movement filled a 150,000-seat
Rio stadium twice last year,
opens one new church a week,
and has added a_$45 million Sao
Paulo TV channel to its 14 radio
stations.
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DFA web

bol’tw:ue for DFA
The file dfa ¢ is the C language source for a program that pedonms detrended Suctuation amalysis of a ntme seaes. Read abeat how w use this
program here (or downkead this mformation in Unix man page format here)

The instructions below assume that you already have a C compiler, such as 2cc, and a naxe mtifity, soch as G000 maks Most GNU/Linux and
Unix systems have these already. Under MS-Windows, we recommend the versioas of goc and mexe incloded in the free Cyswin development
eavironmen; under Mae OS5 X use the versions incloded m Apple's XCode toals.

« Download dia g, Makefile, a sampie input file (ir-nervals), and the comresponding ontput file (o-dfa),
« Build a3 by typing:
nake
» Test the compiled a<a by typmy
nake check
« If a£a passes the test, mstall 1t by typing:
sake instal)

i you wish to use some other C compiler, compule s ¢ and Imik it with the standard C math Iibeary, nsing whatever method is standard for
your C compiler. See Makefile to see how fo test the executahle file fhat yon compile.

Mmi&mﬁnhc&mw anns MBLMHE.GMALMWHDHA
puckeoties Phys Rev £ 1994:49:1685-1689.

Ammdumum mmwmmhmnch-x.ms Staniey HE,
wth mmCMb:l”S.Sﬂﬂ

Goldberper AL, Amaral LAN, Glass L. Hausdorff 1M, Ivanov PCh, Mark RG, Mieais JE, Moody GB, mc&ma&m
mmwxmmmmmnmhcmww m 101(23)¢215-2220
[Cavnlation Electronic Papes; Lﬂp;!m‘hmmkglcmwmw,mcmm 92 /xxx
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DFA forecasting strategy

s Ifa<05 s [fa>0.5

= Antipersistence = Persistence

= Negative correlation = Positive correlation
®  « Very noisy » =« very smooth »

s If o <<<<0.5 a Ifo>>>>0.5

= up, down, up, down, up,

down up down = Up9 up, up, up, up, ..., dOWl’l,

—— down, down, ..
o i a ... probabilistic

N =0 Shitet o = o= 1:smooth line

a = 0.5 (or f = 2) : Brownian motion
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« Local » DFA
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BEFK - DEM
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(very) antipersistent

o =0.23

= N.B.

= NLG/BEF : 0.26
= DKK/BEF : 0.31
= FRF/BEF :0.37

= N.B.

M. Ausloos

= JPY/USD :0.55
= USD/CAD : 0.55
= GBP/USD : 0.55
= USD/DEM : 0.55
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USD/DEM gain
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S&PS00 PDF returns

At=1days
At=5 days
A1=10 days
A1=20 days
A t=40 days
At=100 days
A1=250 days

S&P500; Jan 1980 - Dec 1999

DO % 000

."“ ')l

-8 %@Q -"x.o <

.f"

~-10 y |

" 200 150 100 50 50 100 150 200 250 300
Z(1) -y(t+A ) -yt)-Z(at)

Leiden,
Feb.2010

M. Ausloos 101/xxx




SPS00 - SOI
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i 10"
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10: SOI: Jan 1866 - Jan 2006
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Tests (error bars) on shuffled data
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Back to Gaussian ?
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Long Range Correlations?
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Spectral density SOI
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Spectral density (Ay SOI

Z(t,A'1) of SOI; Jan 1866 - Jan 2006
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Log-P r FA(t)?
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Exogeneous effect on crash ?
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moneyjokes=monkeys
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Make money
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Drawdown definition -
Johansen&Sornette

“pure” drawdown e-drawdown
A p(t)4
p(t) A
I DD =|Og(pt+s/pt) <€
\/\\
\/\/\\
DD vv\f ﬂ < > >€
Pl DD duration
>
t t
!:)Dpure < DD € -
DDduration ., < DDduration .

pure




Drawdown definition -
Atiya et al.

Drawdown D=su§ Eé(?]) - X(t) Maximum Drawdown MDD
s € [0,

p(t)4 i\\A
AAAA A SN

>MDD= sup (sup X(s) - X(t))
te [0,T] s &[0,

< >y
MDD duration g MDD=¢-drawdown
t if
e =sup X(s) - X(t)
s € [0,1]




Drawdown duration decay - Rising part of speculative bubbles

o~1, a€0.42,1.7]
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