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SUMMARY. — A method is proposed for the calculation of a compar-
able measure of the ear thquake risk from the coefficient- a* of the N(M)-
relation normalized to a s tandard slope b, and a s tandard area. In compar-
ing the ear thquake risk in Greece and Southern California, it was found 
that the average and the maximum ear thquake risk in the area of Greece 
is about one half and two times, respectively, the average ear thquake risk 
in Southern California. 

Another method is proposed for the calculation of the recurrence rates 
for ear thquakes of a given magnitude range in small areas for which the 
existing ear thquake magnitude data are not abundant and good enough for 
determining a reliable recurrence curve. In view of the large fluctuation of 
the actual recurrence rates for ear thquakes of a given magnitude -disregard-
ing the accuracy of the available da ta — mapping in the form of the earth-
quake frequency isolines seems to be meaningless for engineering purposes. 

RIASSUNTO. — Servendosi del coefficiente a* della relazione N( il/) nor-
malizzata, per una inclinazione b s tandard ed un 'area pure s tandard, l'À. ha 
studiato un metodo per la determinazione del rischio sismico relativo a 
diverse legioni della Terra; confrontando, p. e., la Grecia con la California 
Meridionale, è stato trovato che il rischio medio e quello massimo della prima 
regione è di una volta e mezzo-due volte quello della seconda. 

Viene poi proposto un altro metodo per calcolare i periodi di ricor-
renza di terremoti , la cui magnitudo sia compresa entro dati valori, avve-
nuti in piccole zone per le quali i dati della magnitudo del terremoto stesso, 
non sono molto numerosi né abbastanza buoni per tracciare un'at tendibile 
curva della ricorrenza. 

Vista la grande gamma nella quale variano i periodi della ricorrenza 
a t tuale per terremoti del tipo suddet to —- data la poca precisione (lei dati 
disponibili — il disegnare una carta geograflca-sismica nella quale la fre-
quenza dei terremoti è rappresentata da isolinee, potrebbe apparire poco 
significativo agli effetti dell'edilizia. 
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I N T R O D U C T I O N . 

Invest igat ing the seismieity of some Greek areas and a score 
of af tershock sequencies in Greece, I was led to the conclusion t h a t the 
slope of the cumulat ive curve, log N = a — bM, depends largely, if 
not entirely, on the average focal dep th of the ear thquakes considered 
Galanopoulos (l-2). Karnik (:|) s tudying the magni tude , f requency and 
energy of ear thquakes in the European area arr ived a t the surmise 
t h a t «the observations of Europe favour the hypothesis of regional change 
of b against of b - const». However, he found t h a t there is «.a 
pronounced tendency for b to decrease with increasing M max.», and 
t ha t « individual points show a tendency for b to decrease with an 
increase of h ». On the other hand , Riznichenco (') assessed a rela-
tively uniform value of b for a var ie ty of world-wide areas, except 
for the most strong ear thquakes of the globe wi th M 7 y2. Consid-
ering t h a t in some regions of the same ea r thquake count ry the ave-
rage focal dep th is almost the same, b u t in some others it migh t be 
quite different, and t h a t the foci of the grea t ea r thquakes of M 7 ' i 
have their seat usually below the Moho-discontinuity (2), the two 
different tendencies for b found by Riznichenco and Karnik might 
be a t t r ibu ted to the different focal dep th of the ear thquakes consider-
ed. The same argument seems to be valid for the relation between b 
and the geotectonic s t ruc ture of the seismic zone. 

In a world-wide survey S. Miyamura (5) found high b values of 
1.0-1.8 for the Circum-Pacific and Alpide orogenetic zones, including 
island areas, where the shocks are predominant ly shallow, and medium l> 
values of 0.6-0.7 for cont inental r if t zones and p la t fo rm block zones, 
where most of the shocks are originated a t t he bo t tom or below the 
bo t tom of the crust . Change of b with the t ime and or the number 
of shocks might be explained by the vert ical migrat ion of the earth-
quake foci {-). There is evidence (') t h a t for long sample periods 
there is no marked change of b with the t ime or the number of shocks. 
In the case of Matsushiro ear thquakes , which is the best case of well 
observed ear thquakes , «.the value of b did not change significantly with 
respect to different intervals of time». According to K. H a m a r a and 
T. I iagiwara ("), it is very interesting t ha t the value of b = 0.85 
obta ined for the Matsushiro abnormal ly high act ivi ty in the whole 
period « was similar to that for the general seismic activity ». In a de-
tailed s tudy of the af tershocks and microaftershoeks of the grea t 
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Alaska e a r t h q u a k e of 1964 R . Page (7) was led to t he conclusion « that 
the distribution of microaftershocks with respect to magnitude follows 
the Gutenberg-Bichter magnitude-frequency relationship with a b of 0.8 
to 0.9, and that the distribution is constant in space and stationary 
in time over intervals from a few days to several months». Consider-
ing t h a t t h e s t r eng th a n d the homogenei ty of t h e rocks a t a given 
range of dep ths p resumably m u s t be everywhere abou t the same, 
t he a s sumpt ion of b = const, for shallow shocks does not conflict 
with publ ished d a t a of labora tory exper iments (8) (9). 

M E T H O D A P P L I E D . 

In compar ing the e a r t h q u a k e ac t iv i ty in different regions we 
m u s t consider all ea r thquakes irrespective of their focal dep th . I t is 
in tu i t ive ly ev ident t h a t this does not hold for t he calculat ion of t he 
represen ta t ive va lue of t he ea r thquake risk. The e a r t h q u a k e effects 
depend not merely on the seismic energy released, b u t also on the 
dep th of t h e e a r t h q u a k e focus. Consequent ly , in compar ing the 
e a r t h q u a k e risk in deft'erent regions we m u s t consider ea r thquakes 
of abou t t he same focal dep th . Assuming t h a t t he slope of t he re-
currence curve depends entirely on t h e average focal dep th of t he 
ea r thquakes considered, we m a y reliably es t imate the e a r t h q u a k e 
risk in t h e seismic regions f rom the corresponding recurrence curves 
normalized to a s t a n d a r d slope and a s t an d a rd area. To do this , 
wre app ly t h e following procedure . 

F r o m t h e JV(i¥)-relation of a given region we first find the magni-
t u d e of the shock occurring once per year . Af t e r t h a t , we de te rmine 
the coefficient ai t h a t should have the N(M)-re la t ion wi th a s t an d a rd 
coefficient b, say 0.80, in order to get the e a r t h q u a k e m a g n i t u d e found 
previously. I n t he th i rd s tage we calculate t he coefficient a* t h a t 
should have the jV(i>/)-equation with the s t anda rd coefficient for a 
s t a n d a r d area, say 10.000 km2 . 

According to Y. K a r n i k (10), t he cons tan t a of t he magni tude-
f requency relat ion depends «on the period of observation, on the size 
of the investigated area and on the level of the seismic activity as well». 
Thus the coefficient a* ob ta ined for one year as a t ime uni t , nor-
malized to a s t a n d a r d slope and a s t a n d a rd area, is a comparab le 
measure of t he e a r t h q u a k e risk impending over t he seismic regions 
f r o m ea r thquakes of abou t t he same focal dep th . 
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An i l lus t ra t ion of t h e m e t h o d is given in t h e fol lowing t ab l e which 
shows t h e e a r t h q u a k e risk impend ing upon va r ious regions of t h e 
Sou the rn California. The d a t a of the f i rs t t h r ee columns were t a k e n 
f r o m Tab le II publ i shed b y C. R. Allen e t al (L1). T h e average ea r th -
quake risk de te rmined f r o m t h e normal ized cumula t i ve cu rve of t h e 
c o u n t r y in quest ion was t a k e n as u n i t in t h e las t co lumn. 

Table I T H E E A R T H Q U A K E RISK I M P E N D I N G UPON VARIOUS R E G I O N S 
OF T H E S O U T H E R N C A L I F O R N I A 

Area 
km2 x 10'' 

b "Once Coefficients 
Region 

Area 
km2 x 10'' slope 

of curve 

per vear" 
Earth-

quake .1/ 
a a i a* 

Kern County 8.45 0.80 5.3 4.24 4.24 4.31 8 0 

Imperial Valley 8.05 0.82 5.2 4.27 4.10 4.22 6 5 

San Bernardino Mts. 8.49 0.85 4.8 4.08 3.84 3.91 3 2 

Owens Valley 8.01 0.82 4.2 3.44 3.30 3.45 1 1 

Los Angeles basin 8.90 1.02 4.2 4.29 3.30 3.41 I 0 

San Andreas fault 8.40 0.90 3.3 2.97 2.04 2.71 0 2 

Southern California 290.10 0.80 0.1 5.25 4.88 3.41 1 0 

T h e e a r t h q u a k e risk de te rmined b y t h e p roposed m e t h o d is in fa i r 
accordance wi th t h e g rad ing of the seismic regions appea red in t h e 
s t ra in release m a p of t h e Sou the rn California region, 193-1 to 1963 ( l l ) . 

The m e t h o d described above presupposes t h e exis tence of ea r th -
q u a k e m a g n i t u d e d a t a a b u n d a n t a n d good enough to de t e rmine a 
reliable recurrence curve for t h e region considered. As a rule t h e 
exis t ing d a t a for small areas, even for t h e ve ry ac t ive ones, never 
fulfi l this t e r m . Then since t h e t ime series of p a s t e a r t h q u a k e s in 
small areas conta ins ve ry few events , t he m e t h o d s developed by 
G u m b e l (12) canno t be appl ied to e s t ima te the p robab i l i ty of recur-
rence of ex t r eme e a r t h q u a k e s by s t u d y i n g the d i s t r ibu t ion of year ly 
e a r t h q u a k e m a x i m a (13). 

A good prac t ice of overr id ing this hand icap is to ca lcula te the 
cumula t i ve curve of a large se ismotectonic un i t for which t he r e is 
a d e q u a t e d a t a . T h e n t ak ing in to accoun t t h a t the coefficient b of 
t h e recurrence equa t ion f o u n d for t h e se ismotectonic u n i t depends 
largely on t h e average focal d e p t h of t h e e a r t h q u a k e s considered, we 
m a y assume t h e b cons t an t , i.e. t he s ame even for ve ry small areas 
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T a b l e I I - N U M B E R S AND R E C U R R E N C E R A T E S OF SHALLOW SHOCKS 
E X P E C T E D IN T H E AREA OF G R E E C E . R E C U R R E N C E E X P E C T A N C Y : 

log N = - 1.43 ± 0.06 - (0.82 ± 0.02) (8 .1/). 
SAMPLE P E R I O D OF 1 2 0 YEARS, 1 8 4 3 - 1 9 6 2 

Magnitudes Numbers nterv als Recurrence Rates 

1 or greater 20750 2850 per Year 25 ± 4 Minutes 

i y 2 » » 8035 ± 1105 » » 1 ± ' i Hours 

2 » » 3190 ± 480 » » 2 "¡4 ± >/4 
2 i/2 » » 1225 ib 165 » » 7 y4 ± 1 » 

3 » 475 -r 65 )) » 18 y2 ± 2 2 » 
3 i/2 » )) 185 ± 25 )) » 2 ± y4 Days 

4 )) 72 i 10 )) » 5 ± 3/4 » 

4 y2» » 24 ± 4 )) » 13 ± 2 » 

5 » )) 1 1 ± 2 )) » 1 ± y3 Months 

5 Vs » )) 21 ± 3 » 5 Years 3 -L y2 » 

6 » » 8 i 1 )) 5 » 7 1/ ± i » 

6 V2 » )> 6 ± 1 )) 10 » 1 y2 i y4 Years 

7 » )) 12 ± o » 50 » 4 ± i/ 

7 i/2 » )) 8 to 11 )) 1 00 )) 10 v., ± i i 4 » 
8 » )) 3 to 4 )) 100 » 27 ± 4 » 

8 y2» » 1 to 2 » 100 )) 70 ± 10 » 

of t h e un i t . Based on this a s sumpt ion we divide t h e seismotectonic 
uni t in small regions of equal a rea and subs t r ac t ing t h e logar i thm 
of t h e n u m b e r of t h e subun i t s f r o m t h e coefficient a of t h e recurrence 
equa t ion of t h e seismotectonic un i t , we find a recurrence equa t ion 
t h a t would hold for each subun i t if the seismic energy released in 
each of t h e m was t h e same. Since th is is not t h e case, Ave proceed 
in t h e calcula t ion of t h e seismic energy released in each s u b u n i t in 
a given per iod and we find how m a n y t imes t h e seismic energy of 
each s u b u n i t is higher or lower t h a n the average seismic energy cor-
responding to each of t h e m . Then add ing t h e logar i thm of t h e n u m b e r 
f o u n d for each s u b u n i t to t h e coefficient a of t h e average recurrence 
equa t ion of t h e subun i t s , we get t h e coefficient ai holding for each 
of t h e m . 
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Table I I I N U M B E R S AND R E C U R R E N C E R A T E S OF SHALLOW SHOCKS 
E X P E C T E D ON AN AVERAGE P E R SQUARE D E G R E E IN THE AREA OF G R E E C E . 

R E C U R R E N C E E X P E C T A N C Y FOR THE W H O L E A R E A : 

log N = — 1.43 ± 0.06 -f (0.82 ± 0.02) (8 — M). 
SAMPLE P E R I O D OF 1 2 0 Y E A R S , 1 8 4 3 - 1 9 6 2 . 

Magnitudes Numbers Interv als Recurrence Rates 

1 or greater 257 -j- 36 per Year 1 y2 ± i/4 Days 

i y2 » » 100 ± 14 » » 3 i y2 » 
2 » 39 ± 5 » )) 9 % ± 1 y4 » 

2 i/2 » )) 15 ± 2 » » 24 ± 3 y4 .» 

3 » 6 ± 1 » )) 2 ± y3 » 
3 y2» » 11 ± 2 » 5 Years 5 y2 ± y „ 

4 » » 9 ± 1 )) 10 » 13 ± 1 v. » rz " 
4 y2 » » 7 ± 1 » 20 » 3 i y2 Years 

5 i; » 14 ± 2 )) 100 » 7 'A ± 1 )) 

5 y2» » 5 ± 1 » 100 » 21 ± 4 » 

6 » 6 ± 1 » 300 » 51 v* ± 8 Vt » 

6 y2» )) 8 ± I » 1000 » 127 ± 16 » 

7 » » 6 ± 1 » 2000 » 342 ± 56 )) 

7 y2» )) 6 ± 1 » 5000 855 ± 140 .. 
8 » )) 7 ± 1 » 15000 » 2190 ± 315 )) 

8 '/, » » 5 ± 1 30000 » 6240 ± 1230 » 

T h e e a r t h q u a k e risk in each a rea migh t be given e i ther in un i t s 
of t h e e a r t h q u a k e risk for a s t a n d a r d ft in a s t a n d a r d a rea of a given 
region t a k e n as p ro to type , or t emp t ing ly b y t h e recurrence ra tes of 
the d a m a g i n g and des t ruc t ive shocks which are de t e rmined f r o m t h e 
normal ized N(M)-relation of t h e area . T h e m e t h o d is s imple a n d 
prac t ica l b u t not f ree of t h e inhe ren t p r i m a r y h a z a r d in e x t r a p o l a t i n g 
long- term ac t iv i ty f r o m re la t ive ly shor t - t e rm records. 

T h e shor tcomings of t h e m e t h o d , which arise f r o m t h e sho r t 
period of t h e records, i.e. f r o m t h e small sample , could be more or 
less wholly r emoved by increasing the l imits of t h e area . T h e larger 
the area , t h e more represen ta t ive is the sample . Since t h e average 
focal d e p t h of t h e shallow shocks does n o t v a r y not iceably f r o m one 
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region to the other and the value of the coefficient b is much dependent 
on the average focal depth of the shocks considered, the increase of 
the limits of the area does not affect the coefficient b. When the 
sample consists of shallow shocks only, the small variat ion of the b 
value observed f rom region to region is due a good deal to stat ist ical 
f luctuation or observat ional uncertaint ies (1J). On the other hand , 
we have very m a n y cases of regions considered ea r thquake immune 
which recently experienced severe ear thquakes . We feel, therefore, 
t ha t we are more close to the t r u th , if we consider all regions of 
the E a r t h liable to experience ear thquakes of whatever magni tude . 
As a m a t t e r of fac t , the difference in the seismic behaviour or idio-
syncrasy of the various regions arises f rom the difference of the cor-
responding recurrence rates of ear thquakes of a given magni tude. 
The conclusion t h a t comes up is t h a t the recurrence rates for ear th-
quakes of a given magni tude range m a k e more sense t h a n any other 
measure of the ea r thquake risk assigned to seismic regions. Accord-
ingly, several a t t e m p t s were made to predict re turn periods for dif-
ferent intensities and predicted intensities for given intervals f15.16.1'.'8.1"). 

Applying the proposed method in the area of Greece, 700.91 km2 

X 103, for which we have foiuid the relation log N = 5.13 — 0.82 J i , 
wre derive an average coefficient, for a s tandard area of 10.000 km2 

and a s t andard slope 0.80, a* = 3.13. In the two centres of higher 
ea r thquake act ivi ty assessed in the area of Greece the seismic energy 
released per square degree per 100 years is about 3 3/a t imes the ave-
rage. Then the coefficient for the two centres is a* — 3.71. This 
means, t h a t the average and max imum ear thquake risk in the area 
of Greece is abou t one half and two times, respectively, the average 
ea r thquake risk calculated f rom the normalized A7(Jf)-relation of 
Southern California. 

The other method of mapping the ea r thquake risk is t h a t shown 
in Fig" 1. The recurrence rates of shallow shocks in years for a 
given magn i tude drawn in each square degree were calculated as 
follows. 

The whole area of Greece bounded by the 34° and 42° lat i tudes 
and 19° and 29° longitudes consists of 80 square degrees. By sub-
t ract ing 1.90, i.e. t he logari thm of the number of the square degrees, 
f rom the coefficient 5.13 of the relation log N = 5.13 — 0.82 M found 
for the whole area, we get the relation log N = 3.23 — 0.82 M t h a t 
would hold for each square degree if the seismic energy released in 
each of t hem was the same. Since this is not the case, wre proceed 



Fig. I The es 
shocks with .1/ 

ke risk expressed in recurrence rates for shallow 
5 y2 and M 6 in each square degree of Greece. 

RECURRENCE RATES OF SHALLOW SHOCKS 

IN YEARS FOR M S AND MS 7 

Fig. 2 Legend referring to Fig. 1. 
The ear thquake risk expressed in a similar way in recur-
rence rates for shallow shocks with M ^ 6 V2 and M > 7 

in each square degree of Greece. 

2 0 0 A . G . G A L A N O P O U L O S 
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in the calculation of the average seismic energy released per square 
degree over the given period, 1843-1902, and tak ing this as unit we 
calculate t h e seismic energy released in each square degree over the 
same period. Then adding the logari thm of the number found for 
each square degree to the coefficient 3.23 of the average recurrence 
equat ion log N = 3.23 — 0.82 M, we get the individual coefficient 
of the recurrence equat ion holding for each of them. 

Suppose t h a t for a given square degree, Ave found the seismic 
energy released over the period 1843-1962 two times the average 
seismic energy released per square degree in the area of Greece over 
the same period. By adding 0.30, i.e. t h e logari thm of the number 2, 
to the average coefficient 3.23, we get the coefficient 3.53. Then 
assuming t h a t the coefficient, 0.82 holds th roughout the area of 
Greece, the recurrence equat ion for the corresponding region is 
log N = 3.53 — 0.82 M. 

In the calculation of t h e recurrence rates we accepted t ha t the 
probable error + 0.06 of the coefficient — f .43 of the recurrence equation 
log N = — 1.43 ± 0.06 + (0.82 ± 0.02) (8 — M) calculated for the 
whole area holds for the individual coefficients found for each square 
degree. 

I n view of the large fluctuation of the actual recurrence rates 
for ea r thquakes of a given magni tude — disregarding the accuracy of 
the available da t a — mapping in the form of ea r thquake f requency 
isolines would be meaningless for engineering purposes. Thus, it 
seems sufficient to draw by appropr ia te shading the recurrence rates 
for damaging and destruct ive ear thquakes expected in small regions 
of the area considered. 

D I S C U S S I O N . 

One might argue it would be be t te r to get the s t andard slope 
equal to 1.0. I n t h a t case the coefficient a* is equal to the magni-
tude of the " once per year " ear thquake . However, the choice of 
the s t andard slope is of decisive impor tance for the r ight determina-
tion of the seismic index. An example will i l lustrate the case. 

Gutenberg and Richter (20) found the following recurrence equa-
tions for the globe: 

Shallow shocks: log N = 6.72 — 0.90 M 
In te rmedia te shocks: log N = 8.40 — 1.2 M 
Deep shocks: log A7" = 7.70 — 1.2 M . 
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By normalizing the equat ions to the slope 1.0, we get : 

Shallow shocks: log N = 7.46 — 1.0 M 
In t e rmed ia t e shocks: log N = 7.00 — 1.0 31 
Deep shocks: log N = 6.42 — 1.0 31. 

Taking as un i t the coefficient 6.42 holding for the deep shocks, 
we get the following indexes for the ea r thquake risk: 

Shallow shocks: 11.05 
In te rmedia te shocks: 3.84 
Deep shocks: 1.00 . 

From these indexes we get t h a t 69.5 per cent of the ea r thquake 
risk impending upon the globe comes f rom shallow shocks, 24 per 
cent f rom in termedia te shocks, and 6.5 per cent f rom deep shocks. 

If we normalize the equations to the slope, 1.4, which holds for 
the very shallow shocks, we get : 

Shallow shocks: log N = 10.45 — 1.4 M 
In te rmedia te shocks: log JV = 9.80 — 1.4 M 
Deep shocks: log N = 8.99 — 1.4 M . 

Taking now as un i t t he coefficient 8.99 found for the deep shocks, 
we get the following indexes for the ea r thquake risk: 

Shallow shocks: 29 .0 
In te rmedia te shocks: 6 . 5 
Deep shocks: 1 . 0 . 

F r o m the new indexes we get t h a t abou t 79 per cent of the ear th-
quake risk impending upon the globe comes f rom shallow shocks, 
a lmost 18 per cent f rom in termedia te shocks, and nearly 3 per cent 
f rom deep shocks. The seismic indexes of the ea r thquake risk from 
shallow, intermediate and deep shocks found for the s t andard slope 
1.4 might be compared wi th the average annual energy release f rom 
the corresponding depths . According to B. Gutenberg(2 1), «nearly 80 
;per cent of the earthquake energy is released in the upper 60 km of the 
Earth, about 17 per cent bekveen 60 and 300 km depth, and about 3 
per cent between 300 and 700 km ». This points out t h a t the seismologists 
should sooner or later reach an in ternat ional agreement for a s t andard 
slope in order to get seismic indexes liable to comparison. 
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Tsuboi (22) has questioned t h e theoretical val idi ty of the N(M)-
relation 011 the ground t h a t « i f we know 

log N = a + b M [1] 

applies for a certain area and 

log N' = a' + b' M [2J 

for another, and if we combine the two areas together into one set of 
statistics, log (N + N') cannot be expressed by a relation which is 
linear with respect to M any more». Nevertheless, it is very known 
tha t in the pract ice (23): 

log (N + N') = a" + b" M . 

Accepting the evidence found so fa r tha t for shallow shocks the 
average b is constant , i.e. b as b' aa b" and adding the equations [1] 
and [2], we get: 

N + N' = 10"+"-" + 10"'+»•" = 10"-» (10« +10" ' ) , 

and: 
log (N + N') = (a + a') + bM . 

This points out t h a t the N(M)-relation permits superposition in 
case b = const. , as it was assumed in our previous calculations. 

The technique for determining and mapping the seismicity applied 
by J . Y. Biznichenco and I. L. Nersesov (24) is based 011 the idea of 
approximate ly cons tant slopes of occurrence graphs (y — 0.13 + 0.05). 
The proposed method for determining the ea r thquake risk is based 
011 the idea t h a t the slope of the occurrence graph depends 011 the 
average focal dep th of the ear thquakes considered. Therefore, the 
constant a or c of the relations: 

log N = a + I) M = c + y log E , 

reduced to a s t andard area is an appropr ia te measure of the average 
seismicity b u t not a measure of the ea r thquake risk. The ea r thquake 
risk depends not merely on the seismic energy released, bu t also 011 
the dep th of the ea r thquake focus. Consequently, in comparing the 
ea r thquake risk in different regions we mus t consider ear thquakes of 
about t h e same focal depth . To do this, we normalize the cons tant a 
to a s t anda rd slope corresponding to a certain depth range. Consider-
ing tha t the ea r thquake risk comes f rom shocks of magni tude greater 
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than t h a t of the " once per year " ea r thquake , an increase of the 
annual number of shocks below this level produced by the proposed 
thechnique does not imply an increase of the ea r thquake risk. The 
increase or decrease of the annual number of shocks below the level of 
t h e " o n c e p e r y e a r " ear thquake is associated respectively with a slight 
decrease or increase of the annual number of shocks above this level. 
Thus the slight change in the annual number of shocks above the 
level in question does not affect pract ical ly the relat ive measure of 
the ea r thquake risk t h a t comes f rom shallow shocks. 

By increasing the limits of the seismotectonic un i t the obtained 
occurrence graph corresponds to more average conditions. To get 
the relative measure, i.e. t he index of the ea r thquake risk over each 
subuni t we add to the coefficient a of the average recurrence equat ion 
the logari thm of the rat io of the seismic energy released in each .su-
bun i t to the average seismic energy corresponding to each of them. 
The indexes of the ea r thquake risk obtained in this way correspond to 
the level of the ea r thquake act ivi ty observed in each subuni t over 
the period considered. The advan tage of the method lies in the fac t 
t h a t we may obtain fairly reliable recurrence rates for subuni ts for 
which the existing da ta is not sufficient for the construct ion of the 
occurrence graph. 

The smaller the index of the ea r thquake risk the longer the re-
tu rn periods of the damaging and destruct ive shocks. If t he re tu rn 
periods of the damaging and destruct ive shocks for a given region 
are very long the region practically is ea r thquake immune. Thus 
theoretically, all regions of the E a r t h might be considered over long 
enough t ime to be subject to ear thquakes of whatever magni tude . 
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