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И.М.И.М. ГельфандГельфанд
ДВА АРХЕТИПА В ПСИХОЛОГИИ ЧЕЛОВЕЧЕСТВА ДВА АРХЕТИПА В ПСИХОЛОГИИ ЧЕЛОВЕЧЕСТВА 

1989 Лекция при вручении премии 1989 Лекция при вручении премии INAMORIINAMORI FOUNDATION FOUNDATION 
(Киото, Япония)(Киото, Япония)

Izrail M. Gelfand, Two archetypes in the psychology of Man. Nonlinear Sci. Today 1 (1991), no. 4, 11Izrail M. Gelfand, Two archetypes in the psychology of Man. Nonlinear Sci. Today 1 (1991), no. 4, 11

Mathematics is one of the highest achievements Mathematics is one of the highest achievements 
of the human spirit and at the same time, a of the human spirit and at the same time, a 
very accurate and adequate language, very accurate and adequate language, 
without which the physics and many other without which the physics and many other 
fields would have been impossible. And the fields would have been impossible. And the 
first side of liability of mathematicians is of first side of liability of mathematicians is of 
using the experience and achievements of using the experience and achievements of 
mathematics, especially mathematics of XX mathematics, especially mathematics of XX 
century, to expand significantly an opportunity century, to expand significantly an opportunity 
for creating adequate languages in other for creating adequate languages in other 
branches of science. First and foremost, to branches of science. First and foremost, to 
help in identifying the structures and, if help in identifying the structures and, if 
possible, to develop an adequate language possible, to develop an adequate language 
for living systems for living systems -- various areas of biology, various areas of biology, 
economics, psychology, etc.economics, psychology, etc.Izrail Moiseevich Gelfand

(1913-2009)
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General schemeGeneral scheme

F(t)
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The general scheme, as applied today The general scheme, as applied today 
((e.g., in existing earthquake prediction algorithmse.g., in existing earthquake prediction algorithms))

•• Is restricted to seismic data and remains Is restricted to seismic data and remains 
open to other relevant observations.open to other relevant observations.

•• Reduces information on spatial correlations Reduces information on spatial correlations 
at scales exceeding the linear dimension of at scales exceeding the linear dimension of 
an area of investigation in course an area of investigation in course 
independent analysis of sampled areas. independent analysis of sampled areas. 

•• Uses simple (if not oversimplified) and Uses simple (if not oversimplified) and 
natural counts as descriptors. natural counts as descriptors. 
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Earthquakes or Earthquakes or 
main shocks? main shocks? 

Earthquakes cluster in space Earthquakes cluster in space 
and time and aftershocks of a and time and aftershocks of a 
single event may obscure single event may obscure 
characterization of seismic characterization of seismic 
dynamics in the area of dynamics in the area of 
investigation. To avoid it investigation. To avoid it 
aftershocks should not be aftershocks should not be 
counted when simple counts counted when simple counts 
are derived from a given are derived from a given 
sequence of earthquakes.sequence of earthquakes.

Algorithms that deAlgorithms that de--cluster cluster 
earthquake catalogs exist earthquake catalogs exist 
((although are far from the idealalthough are far from the ideal).).
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ROMPLUS catalog of earthquakes (Vrancea region, Romania):ROMPLUS catalog of earthquakes (Vrancea region, Romania):
InterInter--event Time vs. Time (M2.5+, 1977event Time vs. Time (M2.5+, 1977--2005)2005)

Black line marks 10 events trailing averageBlack line marks 10 events trailing average
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The local interThe local inter--event times after strong, moderate, and light event times after strong, moderate, and light 
earthquakes in Vrancea, when analyzed in detail, suggest earthquakes in Vrancea, when analyzed in detail, suggest 

shorter time span for aftershock sequences: shorter time span for aftershock sequences: 
i.e., i.e., 2 days for M2.52 days for M2.5--5.0, 4 days for M5.05.0, 4 days for M5.0--5.5, 8 days for M5.55.5, 8 days for M5.5--6.0,6.0,
16 days for M6.016 days for M6.0--6.5, 32 days for M6.56.5, 32 days for M6.5--7.0, 64 days for M7.07.0, 64 days for M7.0--9.0.9.0.

These limits resulted about 70% of M2.5+ events as mainshocks These limits resulted about 70% of M2.5+ events as mainshocks 
((doubling of the limits for M>4.5 does not change much doubling of the limits for M>4.5 does not change much -- comes withcomes with 68%)68%)
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An Alternative to Aftershocks:An Alternative to Aftershocks:
An innovative approach aimed at better understanding earthquake sequences An innovative approach aimed at better understanding earthquake sequences 

and their scaling properties, in particular, is suggested by and their scaling properties, in particular, is suggested by 
JörnJörn DavidsenDavidsen, Peter , Peter GrassbergerGrassberger, Maya , Maya PaczuskiPaczuski

in in Earthquake recurrence as a record breaking processEarthquake recurrence as a record breaking process
GEOPHYSICAL RESEARCH LETTERS, VOL. 33, L11304, doi:10.1029/2006GL026122, 2006GEOPHYSICAL RESEARCH LETTERS, VOL. 33, L11304, doi:10.1029/2006GL026122, 2006
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Single Link Cluster AnalysisSingle Link Cluster Analysis
FrohlichFrohlich and Davis (1990) and Davis (1990) 

introduced SLC technique introduced SLC technique 
as a method to evaluate as a method to evaluate 
spatial and temporal spatial and temporal 
properties of earthquake properties of earthquake 
cataloguescatalogues. . 

The SLC problem depends The SLC problem depends 
critically on the definition critically on the definition 
of distance between of distance between 
elements in a set, elements in a set, 
e.g., 3e.g., 3--D Euclidean or    D Euclidean or    
44--D Einstein type ones.D Einstein type ones.
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Single Link Cluster AnalysisSingle Link Cluster Analysis
“SLC provides a framework for arbitrary dividing “SLC provides a framework for arbitrary dividing 

our data into any number of clusters, or defining our data into any number of clusters, or defining 
dd--clusters for an arbitrarily chosen value of d. clusters for an arbitrarily chosen value of d. 
However, is there a particular number of However, is there a particular number of 
clusters, or a particular value of d which is clusters, or a particular value of d which is 
‘natural’ for our data?” ‘natural’ for our data?” 

Ask this question and find a positive confirmation Ask this question and find a positive confirmation 
before interpreting SLCbefore interpreting SLC--obtained results asobtained results as

-- naturally linked regionalization ornaturally linked regionalization or
-- adequately deadequately de--clustered data orclustered data or
-- representative of correlation length, etc.representative of correlation length, etc.
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Counts on earthquake sequenceCounts on earthquake sequence
Thus, after reduction of space an earthquake Thus, after reduction of space an earthquake 

sequence is denoted either as sequence is denoted either as 
{t{tii, m, mii} or {t} or {tii, m, mii, b, bii((ee)},)},

where bwhere bii((ee) is the number of aftershocks ) is the number of aftershocks 
attributed to the iattributed to the i--th main shock in the th main shock in the 
period from tperiod from ti i to tto tii –– e.e.

Note that the number of aftershocks, bNote that the number of aftershocks, bii((ee), ), 
per seper se is one of the parameters of main is one of the parameters of main 
shocks { i } inherited after deshocks { i } inherited after de--clustering of a clustering of a 
given earthquake catalog.given earthquake catalog.
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Functions of seismic activity rate Functions of seismic activity rate 

N(tN(tm,s)m,s) -- the number of earthquakes the number of earthquakes 
with M with M ≥≥ m in time interval from (tm in time interval from (t--s) to t, i.e., s) to t, i.e., 

the number of events of certain size per unit the number of events of certain size per unit 
time, time, rate of activityrate of activity..

A dual function is the time that accommodates the A dual function is the time that accommodates the 
most recent n events with M most recent n events with M ≥≥ m ,m ,

TI(tTI(tm,n)m,n)..
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Function KFunction K

The increment of activity expressed by the 
difference between the number of earthquakes 
in the two successive intervals of time (t-s, t) 
and (t-2s, t-s) 

K(t m,s) = N(t  m,s) - N(t-s m,s)

has a physical meaning of acceleration. 
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Function LFunction L

L(t | m, L(t | m, ss, t, t00)) -- deviation of activity from a longerdeviation of activity from a longer--term term 
trend over the period from ttrend over the period from t00 to t.to t.

L(t | m, L(t | m, ss, t, t00) = ) = 
N(t N(t  m,s) m,s) -- N(tN(t--s s  m,tm,t--ss--tt00) )  s/(ts/(t--ss--tt0 0 ))

Usually tUsually t00 is the beginning of the catalog unless its is the beginning of the catalog unless its 
duration allows to use a preduration allows to use a pre--fixed trailing window fixed trailing window 
tt--tt00 >> s to characterize a longer>> s to characterize a longer--term term differential differential of of 
seismic activity rate seismic activity rate ((e.g., since the beginning of the new e.g., since the beginning of the new 
millennium millennium tt--tt00 = 5s= 5s in the onin the on--going Global Test of M8 algorithmgoing Global Test of M8 algorithm).).
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Functions of activityFunctions of activity
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The necessity of trailing tThe necessity of trailing t00 in function L in function L 

When tWhen t00 becomes far from t (which is the becomes far from t (which is the 
inevitable case of all long lasting experiments), inevitable case of all long lasting experiments), 
the longerthe longer--term rate L tends to a constant. term rate L tends to a constant. 
Therefore, to preserve a physical meaning of Therefore, to preserve a physical meaning of 
the rate differential one should use the the rate differential one should use the 
definition of L with a trailing tdefinition of L with a trailing t00. This might be of . This might be of 
crucial importance when catalogs of extended crucial importance when catalogs of extended 
times are considered (e.g., in model catalogs).times are considered (e.g., in model catalogs).
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(t)(t)

(t(tm,M',s,m,M',s,,,)) isis thethe weightedweighted numbernumber ofof
earthquakesearthquakes inin timetime intervalinterval fromfrom (t(t--s)s) toto tt andand
magnitudemagnitude (m(mMMii<< M')M')::

Σ(t│m,M',s,Σ(t│m,M',s,,,)) == ΣΣ1010(M(M
ii
--))

ThisThis functionfunction maymay estimateestimate differentdifferent propertiesproperties
dependingdepending onon thethe choicechoice ofof ..
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With B from the relation between energy E With B from the relation between energy E 
and magnitude M   and magnitude M   -- Iog E = A + BM   Iog E = A + BM   --

 is proportional tois proportional to
•• thethe totaltotal linearlinear sizesize ofof earthquakeearthquake sourcessources

if if =B/3=B/3
•• thethe totaltotal areaarea ofof thethe earthquakeearthquake sourcessources

if if =2B/3 =2B/3 
•• thethe totaltotal energyenergy ofof earthquakesearthquakes

if if =B=B
•• thethe BenioffBenioff strainstrain releaserelease

if if =B/2=B/2
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Normalized counts of Normalized counts of (t)(t)

•• Averages Averages ––
(t)/N(t)(t)/N(t)

•• Concentrations Concentrations ––

(( (t)/N(t) ) / ( N(t) )(t)/N(t) ) / ( N(t) )--d/3d/3

where d is concentration dimension and where d is concentration dimension and =d=d..B/3B/3
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Function GFunction G

The ratio of the number of earthquakes from two The ratio of the number of earthquakes from two 
magnitude ranges magnitude ranges ––

G(tG(tmm11,m,m22,s) = 1 ,s) = 1 -- N(t N(t  mm22,s) / N(t ,s) / N(t  mm11,s) ,s) 

•• The values mThe values m1 1 and mand m22 may result from may result from 
inspecting the frequencyinspecting the frequency--magnitude statistics of magnitude statistics of 
earthquakes.earthquakes.
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An alternative to G: Function G’An alternative to G: Function G’
The logarithm of the ratio of the number of The logarithm of the ratio of the number of 

earthquakes from two magnitude ranges earthquakes from two magnitude ranges 
normalized to difference of magnitudes normalized to difference of magnitudes ––

G’(tG’(tmm11,m,m22,s) = ,s) = 
log( N(t log( N(t  mm22,s) / N(t ,s) / N(t  mm11,s) ) / (m,s) ) / (m22 -- mm11) ) 

In such a definition G’ is the tangent of the slope of In such a definition G’ is the tangent of the slope of 
the frequencythe frequency--magnitude graph. magnitude graph. 

Another alternative of this kind is the trailing Another alternative of this kind is the trailing 
average magnitude, average magnitude,  mmii / N./ N.
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Variation of seismic activityVariation of seismic activity

V(V(tt m,s,um,s,u) = ) = varvar N(N(tt  mm,,ss) is variation of the ) is variation of the 
number of earthquakes on the time interval number of earthquakes on the time interval 
((tt--uu,,tt), ), 

varvar N(N(tt  m,sm,s) = ) =  | N(| N(ttii  m,sm,s) ) -- N(N(tti+1i+1 m,sm,s) |) |

which is the total of the absolute differences which is the total of the absolute differences 
between N(between N(tt  m,sm,s) at two consecutive times ) at two consecutive times 
tti+1i+1 and and ttii from the time interval (from the time interval (tt--u,tu,t).).
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Clustering of earthquakesClustering of earthquakes

In case of deIn case of de--clustered catalogs clustered catalogs each main shock each main shock 
has its number of aftershocks, bhas its number of aftershocks, bii(e,m(e,maftaft), of ), of 
magnitude M magnitude M  mmaftaft in the first e days after its in the first e days after its 
origin time torigin time tii. . 

B(t B(t  m,M',s,mm,M',s,maftaft,e) = max b,e) = max bii(e,m(e,maftaft) is the maximum ) is the maximum 
calculated over the main shocks with mcalculated over the main shocks with mMMii<< M' M' 
and time interval (tand time interval (t--s,t).s,t).



The Abdus Salam ICTP The Abdus Salam ICTP 
Miramare Miramare ♦♦ 27/09/201127/09/2011

Advanced School on Understanding and Prediction of Earthquakes and Advanced School on Understanding and Prediction of Earthquakes and 
other Extreme Events other Extreme Events ♦♦ AdriaticoAdriatico GH Kastler Lecture Hall GH Kastler Lecture Hall ♦♦ 11:1011:10--12:0012:00 2525

Earthquakes are Earthquakes are 
not distributed not distributed 

uniformly.uniformly.
Heterogeneity of Heterogeneity of 

seismic distribution seismic distribution 
can be measured can be measured 

providing providing 
additional additional 

characterization of characterization of 
the area under the area under 
investigationinvestigation

Coarse-grained number of magnitude 3 or larger earthquakes, 1980-1984 (USGS/NEIC GHDB).
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EntropiesEntropies
Many other measures of clustering were proposed Many other measures of clustering were proposed 

in the literature. For example, in the literature. For example, Shannon entropyShannon entropy
--  ppii ×× ln ln ppii

where where ppii is some time dependent probability is some time dependent probability 
estimate of occupation of a given cell of the grid, estimate of occupation of a given cell of the grid, 
i.e., i.e., ppii = = nni i /N. /N. 

It is the limit case (It is the limit case (qq 1) 1) of the Renyi’s entropies of the Renyi’s entropies 
(1 (1 –– qq))--1 1 ×× ln ln  ppii

qq

which integrals which integrals  ppii
qq provide a rather simple provide a rather simple 

oneone--parameter family of measures of the parameter family of measures of the 
observed clustering in space and time.observed clustering in space and time.
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Active zone sizeActive zone size

Active zone size, AZS, is a measure of the extent Active zone size, AZS, is a measure of the extent 
to which seismic activity in a given region is to which seismic activity in a given region is 
diffused. Formally, it is diffused. Formally, it is  ppii

qq at q = 0. The at q = 0. The 
premonitory efficiency of AZS was first observed premonitory efficiency of AZS was first observed 
in generalized Burridgein generalized Burridge--Knopoff models of fault.Knopoff models of fault.

AZS is more directly a measure of the broadening AZS is more directly a measure of the broadening 
of small to moderate size events, which leads to of small to moderate size events, which leads to 
development of a nucleation region associated development of a nucleation region associated 
with a coming large event. with a coming large event. 
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AZS in seismic regionsAZS in seismic regions
To measure active zone size in the Earth we might To measure active zone size in the Earth we might 

use a box counting algorithm, in which the large use a box counting algorithm, in which the large 
spatial regions will be subdivided into many spatial regions will be subdivided into many 
smaller regions that contain seismic events of a smaller regions that contain seismic events of a 
certain magnitude level. certain magnitude level. 

For example, AZS(t For example, AZS(t  m,s)= m,s)=  ((nnii ), ), 
where where ((xx) = 0, if ) = 0, if xx = 0 and = 0 and ((xx) = 1, if ) = 1, if xx > 0. > 0. 

In the Earth this measure is somewhat more In the Earth this measure is somewhat more 
complex due to the variable complexity of faults complex due to the variable complexity of faults 
networks in different regions.networks in different regions.
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Spatial Spatial correlation dimensioncorrelation dimension
C(R)C(R) = = pp((r r <<RR)/P)/P

where where pp((r r <<RR) is the ) is the 
number of pairs number of pairs 
separated by less than separated by less than 
RR km and P=N(Nkm and P=N(N--1)/2 1)/2 
is the total number of is the total number of 
pairs for N events.pairs for N events.

The slope of the straight segment over distance 
range [A,B] is used to estimate 

the spatial correlation dimension CD=d[A,B].



The Abdus Salam ICTP The Abdus Salam ICTP 
Miramare Miramare ♦♦ 27/09/201127/09/2011

Advanced School on Understanding and Prediction of Earthquakes and Advanced School on Understanding and Prediction of Earthquakes and 
other Extreme Events other Extreme Events ♦♦ AdriaticoAdriatico GH Kastler Lecture Hall GH Kastler Lecture Hall ♦♦ 11:1011:10--12:0012:00 3030

Correlation dimension vs. ClusteringCorrelation dimension vs. Clustering

AA correlationcorrelation dimensiondimension isis inverselyinversely relatedrelated toto thethe
degreedegree ofof spatialspatial clustering,clustering, asas thethe slopeslope ofof thethe
straightstraight segmentsegment decreasesdecreases whenwhen thethe numbernumber ofof
eventevent pairspairs withwith relativelyrelatively smallsmall interinter--eventevent
distancesdistances increasesincreases.. SmallerSmaller valuesvalues forfor CDCD
indicateindicate higherhigher degreesdegrees ofof spatialspatial clusteringclustering..
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LongLong--range interaction of earthquakesrange interaction of earthquakes

•• A. Prozorov (1982) introduced a termA. Prozorov (1982) introduced a term--less less 
precursor, which follow shortly a major precursor, which follow shortly a major 
earthquake but on a large distance from it. He earthquake but on a large distance from it. He 
concluded that “longconcluded that “long--range aftershocks” mark range aftershocks” mark 
the location of a future major earthquake. the location of a future major earthquake. 

•• The two new phenomena which represent the The two new phenomena which represent the 
longlong--range correlation were found first on a range correlation were found first on a 
synthetic catalogue. synthetic catalogue. 
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Average depthAverage depth
Nadeau et al. (1995) suggested to use the Nadeau et al. (1995) suggested to use the 

average depth of hypocenters in a given time average depth of hypocenters in a given time 
window claiming that deepening of seismic window claiming that deepening of seismic 
activity precede large earthquakes.activity precede large earthquakes.

It is necessary to note however that the depth is one of It is necessary to note however that the depth is one of 
the most inaccurate parameters of hypocenter the most inaccurate parameters of hypocenter 
determination: the error in depth may be largedetermination: the error in depth may be large resulting resulting 
seismologist attributed values in many cases.seismologist attributed values in many cases.……

The measures that can be useful for characterizing The measures that can be useful for characterizing 
temporal variability of an earthquake sequence is temporal variability of an earthquake sequence is 
obviously not limited to the list presented here.obviously not limited to the list presented here.
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……
Obviously, the Obviously, the 

measures that can be measures that can be 
useful for characterizing useful for characterizing 

temporal variability of temporal variability of 
earthquake sequences earthquake sequences 
is not limited to the list is not limited to the list 

presented here.presented here.
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NormalizationNormalization

Samples used in the counts should be Samples used in the counts should be 
comparable in nature and in number.comparable in nature and in number.

That is why That is why normalizationnormalization of earthquake of earthquake 
sequences is necessary to ensure sequences is necessary to ensure 
adequate uniform application with the adequate uniform application with the 
same set of adjustable parameters in same set of adjustable parameters in 
regions of different seismic activity. regions of different seismic activity. 
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Normalizing sequences: Magnitude cutoffNormalizing sequences: Magnitude cutoff

We recommend using the normalization of a We recommend using the normalization of a 
sequence by an optional choice of sequence by an optional choice of 
the minimal magnitude cutoff the minimal magnitude cutoff MMminmin, , 
defined by one of the two conditions:defined by one of the two conditions:

•• MMminmin= M= M00 –– C,  C,  
C being a constantC being a constant

•• MMminmin derived from N(derived from N(MMminmin) = A) = A
A being a constant rate of activityA being a constant rate of activity
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Normalizing counts: Percentile cutoffNormalizing counts: Percentile cutoff

The values of functions are normalized to The values of functions are normalized to 
their empirical probability distribution their empirical probability distribution 
functions, that is performing a nonfunctions, that is performing a non--linear linear 
transformation of different ranges from transformation of different ranges from 
different seismic environment to [0,1].different seismic environment to [0,1].
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Normalizing Normalizing time: Seismic natural timetime: Seismic natural time

The The natural scale of time, in number of natural scale of time, in number of 
recurrent events, was explicitly introduced recurrent events, was explicitly introduced 
for earthquakes by for earthquakes by S.Yu.SchreiderS.Yu.Schreider (1990).(1990).

Like Like TI(TI(ttm,nm,n), which ), which is dual to is dual to NN((ttm,nm,n),),
values of values of other functions can be evaluated other functions can be evaluated 
in time intervals in time intervals that accommodate the that accommodate the 
most recent n events with M most recent n events with M ≥≥ m. m. 



Thank you!Thank you!

”When sorrows come, they come not single spies, but in battalions””When sorrows come, they come not single spies, but in battalions”
(William Shakespeare, 1564(William Shakespeare, 1564--1616)1616)
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