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Spatial prediction of earthquakes in the Kumaon Himalaya

by pattern recognition
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ARSTRACT. 'j'he work presented relates to a pattern recognition study of the Ku mao n H i malaya to
delineate dangerous and non-dangerous zo nes using a priori knowledge of some strong earthquakes that occurred
ill the region, The raw data iuco rporurcs vario us geologica l parameters and processe d to extract distinctive
dangerous ami non-da ngerous features.

1. Introduction

The complexit ies unde. Iying the processes that
produce an earthquake still remain a challange to
seismologists. \ Vhere and when a future event
might occur is a question that continues to engage
serious con sideration. To answer these questions
precisely, one must ha ve a tractabl e physical
mod el of the earthquake processes and adeq uate
informati on co nce rning t he. distribution of clas tic
parameters and stress field s in space and time.
In the absenc e of such detailed knowledge , how 
ever, one can still attempt to provide mean ingful
answer s to some aspects of these question s. using
a hla ck box app roach which only spec ifics the
vari ous input-output re lati onships.

One such met hod is the pattern recog nition tech
nique whi ch, through an intensive analysis of a
body of data , can enable more information to be
extracted than other alternative procedures. The
method is, particularly. suitable for takin g such
problems as earthq uake prediction which may
involve a large num ber of assoc iated parameters .
The technique csscm iallv consists in developing
discriminating decision rules based on the known
envoironment of 8. sc t o f samples and using
these to c lassify unknown samples.

Thl> presen t work att empts to identify future
earthquak es in the Sp;lCC domai n based on this
techniqu e. All importan t geologica l pa rameters
wh ich may be expected to cause a n ear thqu ake
or contribute to its occur rence, were syste mati
cally analysed in respect of a few well known
earthquakes with 8 view to discerning meaningful
patterns of thei r associa ted features whi ch may
then be used to identify other similar or dissirni
lar environments in the region.

TABLE I

Particulars of the earthquakes used In the study

R. Ye ar )runth Day Lat. Long. ) Iag.
xe, ('"X ) ('E)

----
I J9::!6 \ '1 27 30·6 80·., 6 ·0
2 1935 III 5 29 ·75 ijO·25 (j ·O

:1 1937 X 20 31·0 78 ·0 6·5
4 1945 VI [4 30 ·0 80 ·0 6 ·.')

5 1964 IX 26 30·1 80 ·7 6·2
6 1966 vr .,- 29·6 80·9 6 ·0..

'I'he basic a lgo rithm used in this st udy ca lled
clusters was first developed a nd used by Gelfand
et al. (1976) for study ing the ea rthq~a~'" cpiccnt
res in California as a part of the joint U .S.A )
U.S'S.R. programme on ea rt hquake prediction.

2. The problem

The objectiv e of this stud y was to predict. the
location of future ea rthquakes of magnitude
eq ual to or g reater than 5.5 in the Ku~a.on
Himal aya . For thi s p urpose, da ta pertaining
to 6 earthquakes of mag nitudes g reater than Or
equal to 5.5, tha t occurred in this region bet
ween 1900 and 19iG. were used as a lear ning
material for tlcveloping decision rules. Parti
culu rs of these earthquakes are give n in Table I.

Fig. I shows the map of th e arcu. This is I. rg·
ely based on the map prepared by Ga;nsscr
(1964) but in o rporates tectom c and regio nal
fea tures since delinea ted by other work ers.

S. General approach
The problem of recognition can be stated as

follows : let there be a set of 'objects' each
being described in terms of a set of answers to a
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