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Diagnostics of Times of Increased Probabilitiy (TIPs) of
strong earthquakes 1n the Himalayan seismic belt using

pattern receoginition aigorithm CH.

5. C.Bnatta, S.V.Chalam. V.C. Gaur,

T. A. Levshina., I.A.Yorobleva

1. Introduction

' This paper dlscusses the results of continued reseach (i,2)

on earthdquake prediction in the Himalayan region. The reéion 1s
characterised by contrasting neotecionic movements and hence

by rather strong€ earthquakes., The problem of earthquake predic-
tion 18 one of successive narrowing of gspace-time volume in which
the probability of a stronf earthquake is high. We consider pre-
diction for the refion which has linear dimensions of the order
of hundreds of Kilometers ,and time 1lnterval cof few Years. Such
prediction is often called intermediate-term. We use earthquake
catalog as a data base and iry to detect characteristic features
of an incipient strong earthquake by analysing sequence of all

earthquakes in the reglon under study.
This approach has been

realized 1n two algorithms of TIFS diagnostics (MB and CN}
they were successfully applled to various regions of the world

¢ wWith & wide range of seismo-tectonic settings [3,4].

An earthquake 1is regarded as strong when it has a magnitude l}ar-
ger than the given threshold Hg. The alforithms are described

in detail in [3,4] .They are based on a wide range of phenomena

which reflect characteristics of 2o thiquakte  fFlow.
Both algorithns ere so far ghencmennloagical, theugh  their
desigi reflects the percepticn of lithosphere as won-liinear
system featuring deterministic chans., fipplication of the

algorithm MB 1s dezciibed 1n € 1.

. Algorithm CH.

we have applied a version of CH alBorithm described in [3] for
discerning Times of increased probabilities (TIP2) of stroné earth-
quakes. This algorithm uses parameiers of selsmic regime that were
found empirically for the California cataiog for prediction of strong
earthaqrakes with M 2 6. 4
Parameters of selsmjicity are presented as function of time.
defined on a sequence of main shocks 1n the reglon within a slid-
1ng time window.
Level of seismic actlvity
N - number c¢f main shocke with the maegnitude above some threshold
£ - the total enerey of mailn shocks
G - the ratlo of numbers of main shocks 1n two maenitude range
Selamlc quelsacence
q - "deficiency” of the selsmiC activity
variation of selsmicity
K - Dlfference between numbera of maln shocka at two successive
time-intervals
spatial concentratjon
Smax - the average area of fractures at thg earthquake flow. 5
Zmag - the ratio of the average radius of fractures at focl to the
averafe dlistance between them
Cclustering in time and space
Bpax - Maximal number of aftershocks ]

Some combtnations of these functions for the time reriods before
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gtrong erthquakes- periods D and the periods of time far from stroné
erthquake - periods N had been found in (3] for California and Neva-
da catajogs. These combinatlons are called attributes D and N respec-
tively (Table 1.1 and 1.2}.
Time of Increagsed Probability (TIP) of appearance of stroné &f thquake

is announced in the region at the moment t 1f:

1.4 = ny - np 24,

2.0(t) <z
Here ny np -number of attributes D and H. git) - estimates
the total fracture area for three preceding years. The TIP lasts
a year.The TIF may be cancelled: either 1f a stron earthquake with
H 2 Mg (o(t) 2 ) occurred. or swarm of earthduakes with total
energy more then £ occured (thig swarm may include the earthquakes
Wwith H > Hg). Consecutive TIFs may overlap and prolong each other.
If no strong earthquake occured during the TIP it 18 called a false
alarm; strong earthquake which was not preceded by a TIP 18 a fatlure
to predict. The total duration of TIPs is called alarm time .

(For California - Nevada standard values of & = 5; and £ = 4.9.}

3. Data analysls:

The Himalayan refion - the northern boundary of the Indian plate,
18 characterised by varving deg€rees of seismicity along its lentg8ih.
puring the past hundred years the region has experienced four devas-
tating earthquakes of magnitude greater than 8 (f1£.1}. One of these
occured Iin the western seément while the other three ocurred in the
eastern seeément. The Present day seismicity 13 of higher level 1n the
vicinity of the regions of the past devastatlng earthquakes. These re-
gions have also registerd earthguakes of magnitude ranging between 6
and 7 in the Past twenty vears. In the rest of the belt the seismiclity
has been rather low and the heighest magnitude 1s of the order of 5.5.

For our study we have considerd Himalavan belt bounded by active

selsmic reglon around Kangra, the site 1905 earthauake on the west

and the nerth east 1India region .tne area of 1897 and 1950 earth-
quakes on the east (f1B.2). The area of study jincludes adjoining part
of the Burmese arc¢ 1n the east. Keeping 1n view the sratlal distri-
bution.of earthguakes and the constraints of the CH algorithm the area
1s further divided into five regéions. The boundries of these regions
are €iven 1n Table 2 and shown in fig 2. The data base 13 taKen from
the NOAA catalogue [5 ). We use the features and maénitude thresholds
of California-Hevada reglon for all the subreglions. However ihe thre-
sholds for the discretisation of various functions were determined for
each of the regions by studying classwise distribution of the functions
We selected Ho:=6,4 due to the following reasons: 1t i8 the same thre-
ghold as for the territory of Californla and Hevada for which algorithm
CH was first worked out; such earthquakes occur here within the same

averafe time interval ( each T years).

3.t Regjon 1 (EKangra region)

This re€ion 18 around the epicentral zone of devastating Kangra earth-
quake of magnitude 8.7 of 1905 (filg. 3).The reflon 1s very important
from the point of view of selsmic risk since the area 18 thickly popu-
lated and has number of industrial tnstallations of river valiey pPro-
jects. The level of seismicity In the region is quite high and confined
to shallow depths. The regions has experienced events of magnitude Ereater
than 6 during the past 90 years. The catalog in this feglon can be con-
sidered to be reasonably complete since 1964 (Table 4.1}, We therefore
attempt examination of TIPs in this region since 1968. During the period
1964 to 1988 there are two earthgquakes of magnitude &reater than 6.4
(Table 3}.

The results of TIP3 diagnostics 1n this reglon are £iven in Table 5. 1.
Time of alarm occuples 86 months (34 %) using standard thresholds of A
and & (Table 5. 1a) and the stronf earthdquake of 1975 1s succesfully
predicted. However there are two false alarms. By changing the A thres-
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hold to higher value 7 but Keeping the £ threshold same we obtaln

some what better results as shown in Table 5. 1b. The reduced threshold
for ¥ (2.8) and the previous threshold for A rvleld same succes-

ful TIF without false alarm (Table 5.1ic). The total time of TIP 1n this

case 1s 4 months (1 %},

3.2 Region 2 {(Garhwal - Kumaon Himalavas)

Reglion 2 covers Garhwal and Kumaon himalayan segment (f18.4). This
area 18 also marked by a reasonably high degree of selsmicity. Malo-
rity of the events are of magnitude between 4. and 5. and the acti-
vity in the range of magnitudes greater than 5. 5 1§ rather diffused
in time (Table 4.2). The reglon has experienced earthquakes of magni-
tude greater than 6 since 1900 of which & are during the period 1964
to 1988 (Table 3). Present day seismicity of the reglon can be under-
stood only by help of HNOAA catalog. Due to paucity of seismic station
in the vicinity of the region the evenis In the lower magnitude range
are perhaps not well reported. The histog€ram reflects some what Lncomp-
lete nature of catalog with break of data in the period 1966 to 1978
or perhars a quiscence for events of magnitude 5.5 and more.

In this region also we have attempted retrospective prediction of
strong earthquake (M 2 6.4 ) using algorithm CN. The results of our
analysis are glven 1n Table 5 2 for 3 different combinations of 4 and
% thresholds. The standard thresholds yleld one fallure to predict and
one succesful prediction with three false alarms. the total time of TIFs
heing 84 months (33 #). (Table 5.2a). Changing€ A threshold from five
to 7 the number of false alarms are reduced to 2 and TIP duration to
46 months (18%). However the results with higher A threshold and low-
er Z threshold (7 and 2. 8 respectively } yleld succesful predic-
tion of event of 1982 and one false alarm with total time of TIPs equal

to 30 months (12 %),

The results can be taken to be g00d. The fallure to predict the event of
29-T7 80 may be due to incomplet nature of catalog. Hevertheless succes-
ful prediction of 23-1-82 event ,one of the two predictable event ref-

lects the applicability of the algorithm in thig region also

3.3 Region 3 (Heral - Bihar refion }

The reeion tg marked by gcattered sesmicity of magnitude range

4.5 to 5. 6 during€ the past 90 vears and a devastating earthuuake of
magnitude 8.4 1n 1934, Howewver the area did not reglster any earth-
quake of maRniiude Ereater than 6 4 durin® the period 1964 ¢111 July
1988 (Tahle 4.3, 14.5). The catalog in Lthis region ran be considered

to be reasonably complete starting from H - 5.0. In view of thls it

was not possible to use algorithm CN due to lack of events

3.4 Region 4 (Shillong Platue and lower Assam region)

This reglon ts seismically very active and makes the part of north-
eastern India-Indo -Burma selsmic belt (f1€.6}. The reglon experienced
a strong earthquake of magnltude 8.7 in the year 1897.Also there are
some earthquakes of magnitude range 6 to 7.5 during the past 90 years

However there are no such events during 1964 to 1988 , the period of

consderation tn present study (Table 4. 4).The catalof 1n thlis reglon can

be considered to be reasonasbhly complete starting from M := 5.0. In view
of thls the scheme could not be arklled for reasons as 1in the case of

region 4.

3.5 Reglon 5 (Assam)

This region 18 shown in fig. 7. We considered onty shallow ear-

thquaKes wilth depth ¢ 100. Earthquakes statistics in 13 glven
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in Table 3. As it 1s seen from the Table 4.5 within the period from
1964 to 1988 yrs the catalog is complete starting from M2 &b
The pature of the quiescence in 1967, 1966 Ls not clear: whether
it reflects reality or the catalog’s incompleteness.

The strongest earthquakes of the €iven reeion since 1900 are
compiled in Table 2. We can see that Hpax here 1s equal to 7.6.
In the period represented by the catalog [ 1 there was a relative
euiescence. and in this region also the Mg is selected as 6. 4.

Results of TIPs dlagnostlcs are €iven in Table 5. 3. Dilagnostics
with gtandard thresholds of A and & #£1ves the following re-
sults: time of alarm occupies 9.6 vears (48. 3%} where fall two out of
three strong earthquakes. 1f we assume A = 7, then the TIP will
reduce to 4.7 vears (23%) with one fallures to predict. Besides, 1if
we decrease ¢ to {.3 then the total time of alarm 1g equal to 45
month (187}).

The first strong earthquake of 1970 with M=6.5 i3 missed In

all three cases. Thig fallure to predict 1s evidently linked with the

quliescence in 1967, 1968 ¥rs.

3. Concluslons:

such prediction would be quite acceptable though its reliabllity
18 not clear because we modlfied a postertorl the thresgholds 4 and
% Haturally., the possibllity of TIPs dlagnostica with these
thresholds 18 hypothetical, because these thresholds are retrospec-
tive and need testing by further monitoring of earthquakes flow, 1.e.
pY forward prediction.

The analysis carried out in the present paper should be considered

only as the basls for such testing
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Tabie 1.1

The attributes of period D

number
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5 |Smax

Zmax

N3

q |Bmax
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Table 1.2

The attributes of periocd N
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Zmax
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Table 2

Boundaries ob regions

Table 3
l.ist of strong earthquakes

in b regiona of India

Mame of reglon

Loordinates

Kangra

Garnhwai - Kumaon
Nepal - Blhar
Shilong Platue

Assam

(33; 73y, {(35;75),

(30,76), (33;80,7),

(28;82), (31;8%5),

(25;88), (29,5;92.5}.

(22;91}), (28;95%5),

(32;80), (30;78)
(31;85), (28;82)
(27.5;90,5), (2588}
(27, 7:94,7), (22;91)
(28;98), (25;98). (20;95)

H Date lat lon mag
Region 1, Kangra
i e, 2. 1907 EER 1.1 T4, 34 o, 4
2 19.1,.197% 3e. 4ib 76. 43 6. 8
kegion 2, dariwal-Kumach
1 o, 3. 9oL 31, 5a 80, 50 b, 5
g ¢9.7.193890 29. 6U 81.0% b, 6
1 el 11982 34. 70 a2. &b 6. 5
Keglun 3, Hepal -Brhar
There are nypt strong sarthquakes
Regi1on 4, Shilong Platue
There ares not strong earthquakes
Region S, Assam
1 29.7.197T0 26. 02 Y5, 80 b. b
2 12, 8. 1970 db. b8 WY, Y 6, 4

&. 8. 1980 25, &0 9%5. 00 b. 9




Table 7.1 Table 4.2

Year Hagnitude Year Magnitude [
4.0 4.2 4. 4 4,6 4,8 5.0 5.2 5.45 65 860626 46626.87T.0

64 . . . . a . . . . . . . . . . 2

4.0 4.2 4.4 4.6 4.8 50 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0
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644 . . . . . i . . . . . 1 . . . 2

65 e T 2 65 e e e 0
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67 e O 2 67 S . PR 2

68 . . . . 1 . . . . . . . . . . i 68 , . . . . 1 . 1 . . . . . . . 2

69 . . . . . . . f . ' . . . . . [+] 69 . R . . i . 2 1 . . . . B . . q

70 . . ; . 1 1 . . . . . . . . . 2 70 . . . i . ; . 1 . . . . . . . t

71 . . . . . . . . . . . . . . . 8]

T2 . . . i . . 1 N . . . . . . . 2 n2 . . . . . . . . . ' . . . . . 0

73 t .. . R 3 73 T t

T4 . . . 1 i . . . . . . . . . . 2 T4 . \ [] . 1 . i . . . ' . . . . 3

75 . . . 1. . 2 1, . . . . . 1 3 75 . . ] ) . r . . . . . . . e 2

T6 . . i . N b3 . . . . . . . . . a 76 . . . . . . 1 . . . . . . . . 1

T7 . . . 2 2 2 . 1 . . . . . . . 7 77 . , . . 1 1 . ; . . . . . . . 2

T8 1 . . 1 . 1 . . . - . . . . . 3 T8 . 1 . 1 . . . . . . - + ' . . 2

T9 . T 2 . 2 1, . . . . . . . . 6 79 . PR . ) . . ) . 5. . ) . : 2

80 . t .2 . I T s 80 N [ TS S 3

81 o L 4 a1 e e e e 1

82 e S 2 a2 P r . 5

a3 . . . 1 ' . 1 . . . . ' . . . 2 a3 . . . i 1 . f . . . . B . . . 2

84 T L L 3 84 S R S T 9

8s . R . i 3 . . . . . . . . . . 4 85 . A 1 a , . . . . . . . . . . 3

86 - T R C 5 86 T O 2

a7 - L . . . . . . . 2 a7 ) o .y 1. T . . . 4

o8 a6 . 1 . 1 . . . . . . . . . . . 2

P S R S P L it il EEbd BT bl

i i

2 3 5 7 8 9 6 4 2 o o) O 1 Q i

68 events 1 6 & 9 1 ) [ 4 4 1 i 1 2 i Q

62 events
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Year

64
65
66
67
68
69
70
74
72
73
74
T5
76
77
78
79
80
a1
82
83
84
85
86
87

-14]

S B et Rt Skt Ebid el etk it i

3 [
76 events

1

1
3

1
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1

Magnitude
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Table 4.3

o

2 5.4 5 6 5.8 6.0 6.2 6.4 6.6 6.8 7.0

1

Q

0

[0}

Year

64
65
66
67
68
69
70
T1
72
73
74
75
16
T7
78
79
80
a1
82
83
8y
85
86
87

a8

4.0 4,2 4. 4 4.6 4,8 5.0 5.2 5.4

Magnitude

Table 4. 4

56 5.8 6,0 6.2 6.4 6.6 6.8 7.0
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97 events
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Year

64

6%

66

67

68

69

70

T1

T2

T3

T4

75

76

77

78

79

80

81

82

83

-2

8%

86

87

a8

.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.06.2 6.4 6.6
R e B B B B el EEE EEE B SRR EEET R By |

e B R L R R EES SRR

i
i
1 2 1 i 2 ] 2
3 2
2
2 1 =4
1 1 1 1
1 1 4 2
1 2
i 1 1 2 1 1
1 1 2 i
i 2 1 1 2
3 1 2 1
3 3 1
i 1 4 3 4 2
e 2 3 2 2
4 i a2 1
1 7 3 3 1
1 4 3 2
t 1 2 z 3 2
1 S 2 3 b
1 3 1 i 3 1
3 1 3 3 4
1 1 4 2 1 1
1 2
T B8 30 48 39 29 24
214 events

2

3

13

Magnitude

|

5

5

1

3

0

2

Table 4.5

o

6.8 7.0

i

i

i3

12

15

11

14

10

i1

4

EANGEA

(reglon 1}

Table 5.1

Results of TIPS diagnosis with

A: 5 D=4, 9
Start of Strong earthgauke End of false Duration of
TIP Date H alarm TIP, month
11. 1973 19, 1.1975 6.8 14
1. 1975 1.1979 48
T.1981 T.1983 24
Humber of strong earthquakes := | Humber of succeseg = 1
Total time of TIPs = aemonth {34, 007 )
A T 4.9
Start of Strong earthgqauke End of false buration of
TIP Date M alarm TIP, month
. 1974 19, 1.197% 6.8 4
1.197% 1. 1976 12
3.1976 1. 1979 34
Humper of strong earthquakes = 1 Number of succeses = 1
Total time of TIPs - Somonth  (20. Q0% )
A= T £:=2.8
Start of Strorng earthdqauke End of false Duration of
TIP Date M atarm TIP, month
9.1974 19. 1.197% 6.8 4
Number of strong earthquakes = | Number of succeses = 1
Total time of TIPs - 4month ( 1.00% )
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GARHWAL-KUAMON (region?

Table 5.2

Results of TIPs diagnosls with

A= 5 2=4.9
Start of Strong earthqauke End of false Duration of
TIP Date H alarm TIP, month
3.1968 5. 1970 26
29. T.1980 6.6 fallure
9. 1980 23. 1.198¢2 6.5 16
1.1982 5. 1984 28
9. 1984 11. 1985 14
Number of strong earthquakes = @2  Number of succeses = 1
Total time of TIFS = B4month (33, 00% 3
a= 7 £:4.9
Start of Strong earthgqauke End of false Duration of
TIP Date M | alarm TIP, month
29. 7.1980 6.6 fatlure
9. 1960 23. 1.1982 6.5 16
1. 1982 5.1983 16
9. 1984 11. 1985 14

Humber of strong earthdquakes = ¢

Number of succeses

CHEES |

Total time of TIPs = 46month (18, QOX )
A= T £=2.8
Start of Strong earthqauke End of false Duration of
TIP Date H alarm TIP, month
29. 7.1980 6.6 fallure
9. 1980 23, 1.1982 6.5 16
9. 1984 11. 1985 14
Number of stron€ earthquakes = @2 Humber of succeses = |
Total time of TIPs = Jomonth (12,0074 )

ASSAM (region 5)
Result of TIPs dlagnosis with

Table 5.3

a: 5 4.9
Start of Strongé earthgauke End of false Duration of
TIP Date | alarm TIP, month
29. 7.1970 6.5 fallure
2. 1970 T.1973 34
1. 1976 12. 8.1976 6.4 T
8.1976 3. 1979 3
1. 1985 6. 8.1988 6.9 44
Number of strong earthquakes = 3 Humber of succeses = @2
Total time of TIPs - 116month (48, 30%
Az T Z:=4.9
—
Start of Strong earthgauke £End ot false Duration of
TIP Date M ajarm TIP, month
29, T.1970 6.5 failure
T7.1976 12. 8.1976 6. 4 !
8.1976 T.1977 11
1.1985 6. 8 1088 6.9 44
Humber of strong earthquakes = 3 Number of succeses = 2
Total time of TIFS - s56month (23. 304 )
Az 7 2:1. 13
Start of Strong earthqauke End of false Duration of
TIF Date | alarm TIP, month
29, 7.1970 6.5 faliure
7.1976 12. 8.1976 6.4 1
1. 1985 6. 48,1988 6.9 44
Humber of strong earthquakes = 3 HNumber of succeses = 2

Total time of TIPs = 45month (18, 807 )
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