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Coping with the lack of fundamental equations

“It became clear for me that it is unrealistic to have a
hope for the creation of a pure theory [of the turbulent
flows of fluids and gases] closed in itself.

Due to the absence of such a theory we have to rely
upon the hypotheses obtained by processing of the
experimental data.*

A. Kolmogorov.



BASIC TYPES OF PREMONITORY PHENOMENA

An extreme event is preceded by the following changes
in relevant observed fields:
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These phenomena are reminiscent of asymptotics near the phase transition
of second kind. However, we consider not the return to equilibrium, but the
growing disequilibrium, culminated by an extreme event.



COMPARING SCALING CLOSE TO AND FAR FROM
CRITICAL TRANSITIONS

Critical transitions
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 Time is divided into periods of three kinds:
D - preceding a critical transition; X - following it;
N — other time intervals

* N(m) - the number of events of the size2 m; _
useful normalization: N(m) = N P(m) where N is the total number of events.

«  We compare N(m) in periods D and N. Their difference demonstrates
predictive power of scaling.

« Application to individual events requires further analysis
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A POINT OF DEPARTURE - EARTHQUAKES

Critical transitions (prediction targets) are main shocks with M = 6.4,
M being the logarithmic measure of energy released by an earthquake.
P(m) is the probability that magnitude of an event is = m.
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a: eventis an individual main shock.

b, c: event is a cluster of aftershocks around an individual main shock.
Cluster’s size is measured in number of aftershocks not weighted (b)
or weighted (c¢) by their magnitudes.
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SOCIO-ECONOMIC CRISES

Critical transitions (prediction targets) are the starting points of a respective crisis.
Size distribution P(m) is probability that the size of an event is 2 m.

Event is the change of the trend of a monthly indicator considered:
a, b - industrial production; ¢ - assaults with firearms
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PREDICTING
INDIVIDUAL EVENTS



SOCIO-ECONOMIC PREDICTIONS
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Probabalistic nature of prediction is represented by probability gain and o Alarm
probabilities of false alarms and failures to predict.
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PREDICTION OF US PRESIDENTIAL ELECTIONS

(Lichtman, A. J., 2000. The Keys to the White House, Lexington Books, 208 p.)

Prediction is based on thirteen socio-economic and political factors.
All six made-in-advance predictions were correct.

Predictions (published months in advance)
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Retrospective Analysis
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0 1 2 3 4 5 6 7 8 9
Number of factors in favor of challenger

years when popular vote was reversed by electoral vote.

Red - incumbent won, blue — challenger won.

Victory of challenging party is predicted when 6 or more factors are in its favor.

Otherwise victory of incumbent party is predicted. Prediction algorithm is the same for all years.
Data for 1860 — 1980 was used in designing the algorithm.
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PREDICTION OF US MID-TERM SENATORIAL
ELECTIONS SINCE 1986
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EARTHQUAKE PREDICTION: SCORING

Algorithms M8&MSc, since 1985.

11 out of 15 M8+ earthquakes have been captured by M8
alarms occupying altogether 33% of the time-space considered.
9 of them have been captured by MSc

alarms occupying 17% of time-space.

Algorithm SSE since 1989

30 predictions have been made.

24 were correct; among 6 errors are

2 failures-to-predict a second strong earthquake and
4 false alarms.
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