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ChCh. 9 Voit. 9 Voit

!! 1. Important Questions1. Important Questions

!! 2. 2. ExamplesExamples

!! 3. 3. Earthquakes and Material FailureEarthquakes and Material Failure

!! 4. Stock Exchange Crashes4. Stock Exchange Crashes

!! 5. Are Crashes Rational?5. Are Crashes Rational?

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets
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ChCh. 9 Voit (à la Ausloos). 9 Voit (à la Ausloos)

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3.3.  Stock Exchange Crashes : Stock Exchange Crashes : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes Earthquakes and Material Failureand Material Failure,,  and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. 7. Richter Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)
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1. ... questions1. ... questions

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3. 3. Stock Exchange Crashes Stock Exchange Crashes : : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes and Material FailureEarthquakes and Material Failure, , and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)
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S&P 500S&P 500
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CAC40 CAC40 ««  crashescrashes » » in 90 in 90’’ss



Speculative bubblesSpeculative bubbles
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VIQ.VIQ.uestionsuestions

!! OriginsOrigins??

!! RationalityRationality??

!! Speculative BubblesSpeculative Bubbles

!! PhasePhase  Transitions?Transitions?

!! Avalanches?Avalanches?

!! OutliersOutliers

!! StrengthsStrengths??

!! AftercrashesAftercrashes

!! PredictabilityPredictability??

!! PrecursorsPrecursors

!! UniversatilityUniversatility??

!! ModelsModels

!! Extreme eventsExtreme events

!! NoiseNoise

!! L.R. L.R. Correlations Correlations ??

!! ((make make money?)money?)
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2. ... 2. ... history and universalityhistory and universality

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3. 3. Stock Exchange CrashesStock Exchange Crashes  : : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes and Material FailureEarthquakes and Material Failure, , and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)
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TulipomaniaTulipomania

!! 1559 Conrad 1559 Conrad GuensterGuenster

!! 1661 1661 first first ««  stock stock marketmarket  »»

!! 1625 1625 investment investment rage rage startsstarts

!! 1635 1635 see next see next pagepage

!! 1637 1 BB = 550 NLG1637 1 BB = 550 NLG

!! 1637 1 BB = 0 NLG1637 1 BB = 0 NLG
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16351635

!! 1 1 Bubble Bubble ::

!!       4 tons of 4 tons of wheatwheat

!! + 4 + 4 oxenoxen

!! + 8 tons of rye+ 8 tons of rye

!! + 8 + 8 pigspigs

!! + 1 + 1 bedbed

!! + 12 + 12 sheepssheeps

!! + + clothesclothes
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16351635

!! 1 1 Bubble Bubble ::

!! 4 tons of 4 tons of wheatwheat

!! + 4 + 4 oxenoxen

!! + 8 tons of rye+ 8 tons of rye

!! + 8 + 8 pigspigs

!! + 1 + 1 bedbed

!! + 12 + 12 sheepssheeps

!! + + clothesclothes

!! + 2 + 2 wine caskswine casks

!! + 4 tons of + 4 tons of beerbeer

!! + 2 tons of butter+ 2 tons of butter

!! + 1000 pounds of + 1000 pounds of cheesecheese

!! + 1 + 1 silver drinking cupsilver drinking cup
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remediesremedies

!! Amsterdam Amsterdam Parliament Parliament ::

!! ««  all contrats are all contrats are voidvoid  »»

!! If If dealt before Novdealt before Nov. 1636. 1636

!! And after And after ... OK ,... OK ,

!! for 10% valuefor 10% value

!! Supreme Supreme Court Court Ruled Ruled ::

!! ««  this is gamblingthis is gambling  »»

!! no no debtdebt, «, «  by by lawlaw  »»

Galileo Galilei 

(1564 - 1642)
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MonopolymaniaMonopolymania

!! 1694 Whig 1694 Whig Bank Bank of of EnglandEngland

!! 1711 1711 South Seas CoSouth Seas Co. (tory. (tory

govtgovt.).)

!! 1703-11 1703-11 Spanish Spanish successionsuccession

warwar

!! 1718 1718 war war ((againagain))

!! Compagnie du MississipiCompagnie du Mississipi

««  MonopolyMonopoly » »
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17191719

!! England England Public DebtPublic Debt

goes goes to S. S. to S. S. CoCo. stock. stock

holdersholders

!! March 01 :March 01 :    175 GBP175 GBP

!! April April 0101  ::    200 GBP200 GBP

!! June June 0101  ::    500 GBP500 GBP

!! July 01July 01  : 1000 GBP: 1000 GBP

!! OctOct. 01. 01  ::    100 GBP100 GBP

Isaac Newton 

(1642- 1727)
Remedies : ???... !!!
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DJIA 29 crashDJIA 29 crash
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OctOct. 24, 1929. 24, 1929
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3. 3. Stock Exchange CrashesStock Exchange Crashes

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3. 3. Stock Exchange CrashesStock Exchange Crashes  : : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes and Material FailureEarthquakes and Material Failure, , and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)
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SP500 87 crashSP500 87 crash
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OXHPOXHP
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crashescrashes
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DJ 1910 1929DJ 1910 1929
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Phase transition(s)Phase transition(s)
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Critical Critical fluctuations DJIA 80-88fluctuations DJIA 80-88
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DEFINITIONSDEFINITIONS

!! ““VariabilityVariability””

!! ““Normalized variabilityNormalized variability””

D!t y(t) = y(t+!t) - y(t)

Z(t,!t) = [D!t y(t) - <D!t y>] /s!t

Time lag effect ?
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Clustering Clustering 8787
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outliersoutliers
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October October crash timingcrash timing

!! OctOct. 27, 1997. 27, 1997  : : Asian crisisAsian crisis
!! ((wewe predicted the  predicted the timing timing at at least least three months aheadthree months ahead))

!! NYSE NYSE market was stopped at market was stopped at 02:00 p.m. (02:00 p.m. (alasalas))

!! OctOct. 19, 1987. 19, 1987

!! 30% in one 30% in one dayday

!! OctOct. 24, 1929. 24, 1929

Monday, ......, Thursday
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DAX phase transitionsDAX phase transitions
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Avant novembreAvant novembre
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Trends TendancesTrends Tendances
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4. 4. Earthquakes ... Earthquakes ... and and Sand PilesSand Piles

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3. 3. Stock Exchange CrashesStock Exchange Crashes  : : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes and Material FailureEarthquakes and Material Failure, , and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)
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Kobe Kobe earthquake/ionsearthquake/ions
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SP500 85.5-87.5 SP500 85.5-87.5 earthquakeearthquake

analogyanalogy
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DJIA 87DJIA 87
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DJIA 97DJIA 97
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DJIA 98DJIA 98
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DJIA 88DJIA 88
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DJ : 88; 98DJ : 88; 98
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5. ... 5. ... Discrete Scale Discrete Scale InvarianceInvariance

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3. 3. Stock Exchange CrashesStock Exchange Crashes  : : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes and Material FailureEarthquakes and Material Failure, , and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)
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80-88 90-9880-88 90-98
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DSI (DSI (treetree))
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DSI DSI log-Periodiclog-Periodic

!! slope slope ==  DDf f - 1- 1
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Universality ?Universality ?
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for fit for fit log-Plog-P
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divergence fit divergence fit parametersparameters
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log log divdiv. . specific heat specific heat SP500SP500
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log divergence log divergence parameter fitsparameter fits
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Double enveloppesDouble enveloppes
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Double enveloppe : 92-99Double enveloppe : 92-99
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Double enveloppe 82-88Double enveloppe 82-88
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Double enveloppe Double enveloppe technicallytechnically
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Double enveloppe pattern 82-87Double enveloppe pattern 82-87
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The The 6th6th
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ramificationramification

!! !!= = expexp((2"/#2"/#))

!! # = 6  => # = 6  =>   !!= 3= 3

!! ramificationramification
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sandpilesandpile
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Sandpile Sandpile simulation => modelsimulation => model

!! Ramification Ramification effecteffect

D*
f = (ln 6)/(ln 3)+i (2"/ln 3) Df = (ln 8)/(ln 3) = 1.89

Df = (ln 7)/(ln 3) = 1.77

Df = (ln 6)/(ln 3) = 1.63

Df = (ln 5)/(ln 3) = 1.46
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Low connectivityLow connectivity
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Double enveloppe 97-02Double enveloppe 97-02
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CASH: CASH: OctOct. 01, 98. 01, 98  : danger: danger
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harmonicsharmonics
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BIZZ p.3BIZZ p.3
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http://finance.http://finance.yahooyahoo..com/com/

1250 data points
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Returns Returns 97-0297-02
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6. 6. ... ... After After a Crash ?a Crash ?

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3. 3. Stock Exchange CrashesStock Exchange Crashes  : : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes and Material FailureEarthquakes and Material Failure, , and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)
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Wait Wait !!
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Before Before - - AfterAfter
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DAXDAX  : 9 : 9 strongest strongest crashes, crashes, afterafter
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DAX fluctuations DAX fluctuations after after crashescrashes



Leiden,Leiden,

Feb.2010Feb.2010
M. AusloosM. Ausloos 7070/xxx/xxx

PMP PMM MMP MMMPMP PMM MMP MMM
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7 7 . Richter . Richter Scale  Scale  ......

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3. 3. Stock Exchange CrashesStock Exchange Crashes  : : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes and Material FailureEarthquakes and Material Failure, , and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)
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8. 8. AppApp. A: Domino. A: Domino

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3. 3. Stock Exchange CrashesStock Exchange Crashes  : : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes and Material FailureEarthquakes and Material Failure, , and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)



Leiden,Leiden,

Feb.2010Feb.2010
M. AusloosM. Ausloos 7373/xxx/xxx

mimetismmimetism
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dominodomino
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Symmetry breakingSymmetry breaking
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9. 9. AppApp. B : DFA. B : DFA

!! 1. Important Questions1. Important Questions

!! 2. 2. Examples Examples : : history and universalityhistory and universality

!! 3. 3. Stock Exchange CrashesStock Exchange Crashes  : : PhasePhase  TransitionsTransitions

!! 4.4.  Earthquakes and Material FailureEarthquakes and Material Failure, , and and Sand PilesSand Piles

!! 5. Are Crashes Rational? 5. Are Crashes Rational? Discrete Scale Discrete Scale InvarianceInvariance

!! 6. 6. What Happens After What Happens After a Crash ?a Crash ?

!! 7. Richter 7. Richter Scale Scale for for Financial MarketsFinancial Markets

!! 8. 8. AppApp. A: Domino . A: Domino effectseffects

!! 9. 9. AppApp. B: . B: Detrended Detrended Fluctuation Fluctuation Analysis Analysis (DFA)(DFA)
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Standard & Poor 500Standard & Poor 500

5056

 data points

http://finance.yahoo.com

(normalized)

Jan. 01,1980

- Dec. 31,1999

Daily data
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Southern Oscillation IndexSouthern Oscillation Index

P !Darwin"   
#

P !Tahiti"   =

1672

 data points

http://www.cpc.ncep.noaa.gov/data/indices/

(normalized)

1886-2006

Monthly data
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The Southern OscillationThe Southern Oscillation

refers to a seesaw shift in refers to a seesaw shift in surface air pressuresurface air pressure

at at DarwinDarwin, Australia and, Australia and

at (the South Pacific Island of) at (the South Pacific Island of) TahitiTahiti      (Henson, 1998)      (Henson, 1998)

Source: http://www.ucar.edu/communications/lasers/elnino/Figure_1.html
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http://www.http://www.bombom..govgov.au/climate/current/soi2..au/climate/current/soi2.shtmlshtml

Chart last updated: Friday 2nd June 2006
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DEFINITIONSDEFINITIONS

!! ““VariabilityVariability””

!! ““Log returnsLog returns””

!! ““Normalized variabilityNormalized variability””

D!t y(t) = y(t+!t) - y(t)

Z(t,!t) = [D!t y(t) - <D!t y>] /#!t

Time lag effect ?

L Z(t ,!t) = log[y(t+!t) /y(t)]
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Detrended Detrended Fluctuation AnalysisFluctuation Analysis

!! (integrated series or not?)(integrated series or not?)

x=0.56
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SOI  ForecastSOI  Forecast
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Detrended Detrended Fluctuation AnalysisFluctuation Analysis

Long

Range

Correlations ?

on SOI

increments

Non

Brownian

values
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Detrended Detrended Fluctuation AnalysisFluctuation Analysis

Long

Range

Correlations ?

on SP500

increments

Brownian

values
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SP500 80-99 SP500 80-99 $$
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DFA  SOIDFA  SOI
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DAX DFA(q)DAX DFA(q)

 + DFAq

 + DFA q,m

Variants/generalizations
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DFA(q)DFA(q)

word length (L); word frequency (F)word length (L); word frequency (F)
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Get richGet rich
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Growth per CompetitionGrowth per Competition

!! Combative hostility towardCombative hostility toward
competing faiths characterizescompeting faiths characterizes
fastest-growing Pentecostalfastest-growing Pentecostal
group, the group, the Universal Church ofUniversal Church of
the Kingdom of Godthe Kingdom of God, in Brazil., in Brazil.
Its authoritarian bishop, Its authoritarian bishop, EdirEdir
Macedo Macedo de de BezerraBezerra, , 45,45, began began
preaching in 1977 to a preaching in 1977 to a dozendozen
curiosity seekerscuriosity seekers in a rented room in a rented room
above a funeral parlor; today hisabove a funeral parlor; today his
flock is 2 million strong. Theflock is 2 million strong. The
movement filled a 150,000-seatmovement filled a 150,000-seat
Rio stadium twice last year,Rio stadium twice last year,
opens one new church a week,opens one new church a week,
and has added a $45 million Saoand has added a $45 million Sao
Paulo TV channel to its 14 radioPaulo TV channel to its 14 radio
stations.stations.
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DFA DFA webweb
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Local DFA: DJIA Jan.84-Aug.97Local DFA: DJIA Jan.84-Aug.97

!!   ““locallocal”” (or temporal) (or temporal)

DFADFA
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DFA DFA forecasting strategyforecasting strategy

!! If If %%  < 0.5< 0.5

!! AntipersistenceAntipersistence

!! Negative correlationNegative correlation

!! ««  very noisyvery noisy  »»

!! If If %%  <<<< 0.5<<<< 0.5

!! up, down, up, down, up,up, down, up, down, up,
down, up, down,..down, up, down,..

!! .... .... probabilisticprobabilistic

!! ..

!! %%  = 0 : = 0 : white white noisenoise

!! If If %%  > 0.5> 0.5

!! PersistencePersistence

!! Positive Positive correlationcorrelation

!! ««  very smoothvery smooth  »»

!! If If %%  >>>> 0.5>>>> 0.5

!! Up, up, up, up, up, ..., down,Up, up, up, up, up, ..., down,

down, down, ..down, down, ..

!! .... .... probabilisticprobabilistic

!! %%  = 1 : = 1 : smooth smooth lineline

%%  = 0.5 (or = 0.5 (or $$  = 2) : = 2) : Brownian Brownian motionmotion
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««  LocalLocal » » DFA DFA
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Local Local %% DEM/BEF DEM/BEF



Leiden,Leiden,

Feb.2010Feb.2010
M. AusloosM. Ausloos 9797/xxx/xxx

BEF - DEMBEF - DEM

!! ((veryvery) ) antipersistentantipersistent

!! % % = 0.23= 0.23

!! ......

!! N.B.N.B.

!! NLG/BEFNLG/BEF  : 0.26: 0.26

!! DKK/BEF : 0.31DKK/BEF : 0.31

!! FRF/BEFFRF/BEF    : 0.37: 0.37

!! N.B.N.B.

!! JPY/USDJPY/USD    : 0.55: 0.55

!! USD/CAD : 0.55USD/CAD : 0.55

!! GBP/USDGBP/USD    ::  0.550.55

!! USD/DEM : 0.55USD/DEM : 0.55
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USD/DEM gainUSD/DEM gain
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GoldGold
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SGPSGP

$=0.3
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S&P500 S&P500 PDF returnsPDF returns
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SP500SP500   -   SOI   -   SOI

Tests (error bars) on shuffled dataTests (error bars) on shuffled data
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Gaussian ?Gaussian ?

When back to GaussianWhen back to Gaussian ? ?
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Back to Gaussian ?Back to Gaussian ?

Long Range Correlations?Long Range Correlations?
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Spectral density SOISpectral density SOI

%=2$-1

(%=µ)
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Spectral density (Spectral density (!!t) SOIt) SOI
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Log-P          Log-P          or  or          DFA(t)?DFA(t)?

Courtesy of Dariusz Grech

1994

2007 #=11.7

#=8.6
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Exogeneous effect Exogeneous effect on crash ?on crash ?

Courtesy of Dariusz Grech
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FED on DJIA 07-09FED on DJIA 07-09

Courtesy of Dariusz Grech
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moneyjokes=monkeysmoneyjokes=monkeys
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Make Make moneymoney
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Make Make money money andand



Drawdown definition Drawdown definition --
JohansenJohansen&&SornetteSornette

p(t)

“pure” drawdown  !-drawdown

DD =log(pt+s/pt)

DD duration

<!

DD

duration

t
t

>!

p(t)

DDpure < DD 
!

DDduration pure < DDduration 
!



Drawdown definition  Drawdown definition  --
Atiya et Atiya et al.al.

p(t)

t

D=sup X(s)  - X(t)
     s & [0,t]

Drawdown
Maximum Drawdown MDD

Drawdown

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

MDD duration  MDD=!-drawdown

if
! =sup X(s)  - X(t)
     s & [0,t]



Drawdown duration decay - Rising part of speculative bubbles

!~1,     " &[0.42, 1.7]


