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SUMMARY. — T h e es t ima t ion of seismic risk is m a d e for t h r ee t y p e s 
of ob jec t s in t he cen t r a l I t a ly , consider ing t h r e e k inds of models : 

1) - A(2I,g): t h e i n t ens i ty of t h e Poisson 's flow of e a r t h q u a k e s , M 
be ing t h e m a g n i t u d e , g t h e l iypocent re . 

2) - I(g,g,M): g iving t h e d i s t r ibu t ion on t h e sur face for a single 
I e a r t h q u a k e (g,M), g being t h e epicentre . 

3) - x(g,I): g iving t h e effect x of t h e shak ings of i n t ens i ty / , g be ing 
the posi t ion of t h e ob jec t . 

F o r ac tua l dec is ion-making add i t iona l c o m p u t a t i o n s m a y be necess-
a ry in order to e s t i m a t e how our resul ts are inf luenced by the er rors in 
these models . However p rac t i ca l decision can be m a d e on t h e basis of these 
d a t a , because t h e exper ience shows t h a t no rma l ly resul t s a re exage ra t ed . 

RIASSUNTO. — Si e f f e t t u a la s t i m a del rischio sismico per t r e t ip i di 
ogget t i ne l l ' I t a l i a cen t ra le . Si cons iderano t r e t ip i d i model l i : 

1) - A(2I,g): il n u m e r o annuo medio di t e r r e m o t i di m a g n i t u d o M, 
e ipocen t ro g. 

2) - I(g,g,M): la d is t r ibuzione superficiale per u n singolo t e r r emo t o 
(g,31), g ind ica l ' ep icen t ro . 

3) - x(g,I): l ' e f fe t to x della scossa di in tens i t à I , g indica la posizione 
del l 'ogget to . 

Negli a t t u a l i p rob lemi decisionali possono essere necessari calcoli ad-
dizionali per v a l u t a r e l ' inf luenza degli error i nei singoli modelli . T u t t a v i a 
decisioni p r a t i c h e possono essere prese sulla base dei r i su l t a t i o t t enu t i , in 
q u a n t o l ' esper ienza m o s t r a che ques t i sono n o r m a l m e n t e esagerat i . 

! 
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1. - INTRODUCTION 

Dangers connected with earthquakes demand decisions on a wide 
variety of p r o t e c t i v e m e a s u r e s , such as buildings codes, 
safety regulations, special taxes, insurance etc. A problem arises — 
to optimize these measures — all together, as a system, or at least 
each separately. 

The data necessary for the solution of this problem, include the 
estimate of seismic risk. What are the necessary estimates the 
units of measurement, allowed errors, e tc! This depends on a specific 
formulation of our problem i.e. on what kind of objects we are going 
to protect, what kind of damage-to prevent and what kind of protec-
tive measures-to optimize. The formulation of this problem lies out-
side the realm of earthquake sciences, but requires the understanding 
of their possibilities. The goal of this and preceding (5) papers is to 
illustrate on a concrete example the possibilities of our method of 
estimating the seismic risk and to outline the set of necessary data 
and their processing. 

2 . - T H E OBJECTS AND T H E CORRESPONDING MEASURES OF SEISMIC RISK 

We investigate the seismic risk for the objects of three types: 
areas, lines and system of points. 

Areas are represented by the following 8 provinces, situated in 
the seismically most active par t of Central I taly (Fig. 1): Frosinone, 
Latina, Kieti, Roma, Chieti, L'Aquila, Pescara, Teramo. We con-
sider the territory of these provinces, their population outside the 
chief towns, and their economy. The following measures of seismic 
risk are calculated: 

A2) The par t of territory, which may suffer the shakings of 
intensity I > VIII (in degrees of macroseismic scale). 

B2) the number of people who may suffer the shakings of in-
tensity I VIII degrees (excluding the population of the chief towns). 

C2) the economic effect of earthquakes. 
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Pig. 1 - Tlie ob jec ts , for wh ich seismic risk w a s e s t ima ted . 

1. Bounda r i e s of e ight p rov inces (va r ian t s 1-3 in Tab le 1): a - Rie t i ; b -
T e r a m o ; c - L ' A q u i l a ; d - P e s c a r a ; e - Chieti ; f - F ros inone ; g - L a t i n a . 

2. Chief t o w n s of p rov inces . 

3. Bounda r i e s of " d a n g e r z o n e " : t h e e a r t h q u a k e s in th is zone wi th If = 7 
m a y affect t h e ob jec t s 1-3. 

4. H i g h w a y R o m e - N a p l e s (var . 6 in T a b l e 1). 

5. N o r t h e r n shore of Sicily (var . 7 in Tab le 1). 

6. D a n g e r zone for N o r t h e r n shore of Sicily. 

Linear objects are the highway Rome-Naples (216 km) and the 
north shore of Sicily (360 km). For the highway we calculated the 
total length of such its parts, which may suffer the shakings of in-
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tensity I = VIII , I > VI I I and I IX . For the shore we calculated 
the total length of such of its parts which may experience tsunami 
of conditional intensity > 1. 

Point objects are the chief towns of the above mentioned provin-
ces, excluding Iiome. We calculated for them: 

D2) the number of cities, which may happen to be in the zone 
of shakings of intensity I ^ I X . 

E2) the number of the inhabitants of these chief towns, who 
may suffer the shakings of intensity I > IX. 

Each of these measures refers to a given period T = 10, 30 or 
50 years. We estimated for each measure the average, dispersion 
and the probability distribution function. The listing of objects and 
computations is given in Table 1. 

3 . - T H E M O D E L S 

Three kinds of models are necessary for estimating the seismic 
risk (8'10): 

A3) - Model of the sequence of earthquakes in the volume [hypo-
central zone-time-magnitude (energy)]. This model is defined by the 
function A (M,g) = intensity of the Poisson's flow of earthquakes, 
M being the magnitude, g the point of hypocentral region (9>10). 

B3) - Model I (g, g, M), showing how the intensity I of the shakings 
of the ground is distributed on the surface for a single earthquake 
(.g, M), g being the point on the surface (5). 

C3) - Model x (g, I ) of the effect x of the shakings of intensity I 
corresponding to a single earthquake, g being the point of the object, 
x the investigated measure of the seismic risk. 

The parameters of all models are estimated from the observed 
data. Owing to the statistical nature of these data and their incom-
pleteness, the choice of the parameters is non-unique: it is determined 
significantly by the particular kind of problems involved. Average 
values (point estimations) of parameters are preferable in such a 
problem, as economical prognosis or optimization of insurance. Ex-
tremal values of parameters inside their confidence limits are prefer-
able for decision-making, concerning the safety of population, or of 
some exceptional objects, etc. 



T A B L E 1 - S U M M A R Y OF T H E C O M P U T E D P A R A M E T E R S OF SEISMIC R I S K . 

T H E M A G N I T U D E I N T E R V A L C O N S I D E R E D IS [ 4 . 3 ; 7 . 0 ] FOR VARIANTS 1 - 6 , AND [ 6 . 3 ; 7 . 0 ] FOR VARIANT 7 . T i s T H E 
P E R I O D OF T I M E , IN Y E A R S , C O N S I D E R E D . 

Var ian t Objec t Ef fec t x 7 T ß mz a£ 
xW 

P = 9 5 % 

N. 
reference 

flg. or t ab . 

1 Te r r i to ry of 8 T h e area of such ter - > v n r 10 1.57 1.91 5.1 3a 
provinces r i to ry , which m a y suf- 30 4.71 3.31 10.7 3a 

fer t he shak ing of in- 50 7.85 4.28 
t e n s i t y I , in 1000 k m 2 

2 Economics of 8 T h e d a m a g e f r o m V I I I , 10 0.0 28.1 51.8 114. 31) 
p rov inces shak ings of in t ens i ty I X 30 0.0 87.4 88.7 

I. (ml rd . lire) X 50 0.0 144.5 115.3 
10 - 0 . 0 3 * 25.2 44.4 101. 3b 
30 - 0 . 0 3 * 57.7 60.8 186. 3b 
50 - 0 . 0 3 * 75.5 65.2 

3 P o p u l a t i o n of 8 N u m b e r of people who > V I I I 10 0.005 1.57 1.92 5.4 3c 
provinces out- m a y h a p p e n to be in 30 0.005 4.95 3.50 11.3 3c 
side the i r chief t h e zone of shak ings 50 0.005 8.67 4.77 
t o w n s of in t ens i ty 7. 

105 people 

4 Popu l a t i ons of N u m b e r of people who 5 s I X 30 0.01 1.84 4.24 8.4 4 
t h e chief t owns m a y h a p p e n to be in 50 0.01 3.46 6.10 
of 7 provinces ** t h e zone of shak ings 100 0.01 8.97 12.00 

of in tens i ty 7. 
105 people 

5 Chief t o w n s of N u m b e r of chief t owns > I X 30 0.27 0.57 0.95 t ab l e C 
7 provinces ** which suffered shak- 50 0.45 0.73 

ings of i n t ens i ty 7 100 0.90 1.03 

6 H igh -way T o t a l l engh t of p a r t s V I I I 10 11.9 19.1 42. 
Rome-Nap les of t h e road , which 30 35.6 33.1 82.5 

suffer t h e shak ing of 50 59.3 42.7 
in t ens i ty 7 100 118.6 60.4 

> V I I I 10 14.4 24.7 57.5 5b 
30 43.1 42.8 112. 5 a 
50 71.8 55.2 

100 143.6 78.1 
J s I X 10 2.5 8.7 14.7 5b 

30 7.5 15.1 34.7 5a 
50 12.5 19.5 

100 25.0 27.6 

7 N o r t h e r n shore T o t a l l enght of t h e 10 0.12 0.65 
of Sicily p a r t of t h e shore af- 30 0.36 1.13 3.5 tab le 7 

fec ted by t s u n a m i of 
condi t iona l in t ens i ty 

j *** 

* p - P' (see t h e t e x t , p . 359). 
** R o m e (excluded in v a r i a n t s 4, 5), F ros inone , L a t i n a , Rie t i , Cliieti, L 'Aqui la , Pesca ra , Te ramo 
*** (see t h e t e x t , p. 358) 
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In this paper we assume average values of the parameters. Mo-
dels A3) and B3) are chosen in accordance with our previous paper (5), 
the data on economics and population are taken from (6 '7 'n). 

Let us specify the assumed models. 

A3) - The parameters of seismicity (5). The function A (M, g) is 
determined by the parameters a(g), y(g) of the linear frequency-
of-occurrence law f5'1). We assume for these parameters the maxi-
mum likelihood estimations, indicated in Table 2. They correspond 
to var. 4 in (6' T a b l e 3), with the following exception: the density of 
epicentres, and, consequently, the parameter a are evidently non-
uniformly distributed inside the region CL. That is why this region 
has been subdivided into three parts, shown in Pig. 2. 

Table 3 shows, how closely oiu' model fits the data on the known 
earthquakes in the interesting magnitude range. In Table 3, Na is 
the number of earthquakes according to instrumental data, reduced 
to a period of 100 years; NP is the number of earthquakes in the same 
magnitude range, computed from the frequency-of-occurrence law 
with assumed values of a, y. The agreement is satisfactory. I t should 
be noted, that the earthquakes in the N region do not create seismic 
risk for the objects considered in this paper. And the earthquakes 
in the S region create seismic (tsunami) risk only for one of these 
objects, tha t is the shore of Sicily. 

B3) - The model of isoseists. The intensity of shakings is estimated 
in macroseismic degrees, so tha t model B3) is the model of isoseists. 
I t is defined in (5>2). The isoseists are represented there by concentric 
ellipses. Their areas are represented by the formula: 

Ig Q (I,M) = C (I) +dM + o (I) f for Md + a | ^ e 

Q (I,M) = 0 for Md + a f < s or M < M. 

Here Q(I) is the area, which suffers the shakings of intensity > I . 
e, d, a, e, M are the parameters of the model, a is the dispersion of 
lg Q, f is the random fluctuation with normal distribution iV7(0,l) re-
duced to interval ± 3 . For a given earthquake, f is assumed the same 
for all I. According to (5), d depends on I: we assumed however the 
same d for all I ; it changes the average lg Q unsignificantly, but makes 
the computations much faster. The parameters, assumed for com-
putations, are given in Table 4. 

23 
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T A B L E 2 - A S S U M E D V A L U E S O P T I I E P A R A M E T E R S O P L I N E A R 

F R E Q U E N C Y - O F - O C C U R R E N C E L A W , R E F E R S TO M = 8 [ s e e ( 5 ) , t a b l e 3 ] . 

N S C D C L , CL 2 CL 3 

y 0.879 0.807 0.753 0.822 0.822 0.822 

"s - 4 . 8 0 8 - 4 . 7 8 5 - 4 . 3 3 9 - 4 . 5 3 6 -5 .477 - 5 . 0 

T A B L E 3 - E V A L U A T I O N O F A S S U M E D F R E Q U E N C Y - O F - O C C U R R E N C E L A W : 

C O M P A R I S O N O F T H E N U M B E R O F E A R T H Q U A K E S , A C T U A L L Y O B S E R V E D (NO) 

A N D P R E D I C T E D B Y T H I S L A W , W I T H P A R A M E T E R S F R O M T A B L E 2 ( N p ) . 

C D C L N S 

Mk Na NP Na Np Na NP Na Np 

4.6-5.4 58.2 40.7 82.7 66.0 22.4 32.1 46.4 55.7 

5.4-7.0 11.3 12.7 24.2 17.7 4.8 7.6 9.7 9.6 

7 0.0063 0.016 0.0 0.0027 0.0 0.0026 0.016 0.0062 

T A B L E 4 - A S S U M E D P A R A M E T E R S O F T H E M O D E L O P I S O S E I S T S . 

lg Q ( I , i l / ) = Ci + dM + a h 

I X I X V I I I h = 2.5 

0(1) - 2 . 7 - 2 . 1 2 - 1 . 5 6 d = 0.8 

i!/(/) 5.8 5.4 4.2 a = 0.2 
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Pig . 2 - Regional iza t ion for t he e a r t h q u a k e s occurrence [see also (5), Pigs. 1,2]. 

The elongation of isoseists I is assumed as follows 

I (M) = 1.3 for 4.3 < M < 5.2 
I (M) = 1.67 for 5.2 < M < 7.0 

The azimuth A of the elongation of isoseists is assumed as fol-
lows: A is the random value, the same for all intensities I . I ts dis-
tribution depends on epicentre and magnitude, but not on I . If the 
epicentre lies in the region CD (i.e. near the intersection of faults) 
or if M sC 5.2, A is distributed uniformly in the whole range ±180°. 
If the epicentre lies in other regions and 5.2 < M < 7, then 

A = A„ + £a. 
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J : 1 1 1 1 1 1 1 1 1 1 I — T 10years 
0 0.1 0.5 1 0 X.106"peoples 

Pig . 3 a, 1), c - P r o b a b i l i t y d i s t r ibu t ion f u n c t i o n of t h e effect of t h e e a r t h -
quakes for 8 provinces of Cent ra l I t a l y . 

Solid lines T = 30 years . 

Dashed lines T = 10 years . 

a) T h e to ta l a rea of those p a r t s of t e r r i to ry , which suffered t he shak ings 

of in t ens i ty I > V I I I (var . 1. in Tab le 4). 

b) T h e economic d a m a g e in conven t iona l un i t s , descr ibed on page 359 
(var . 2 in Tab le 1). 

c) P o p u l a t i o n outs ide t h e chief t o w n s of t h e provinces . 

Here Ag is the azimuth of the linear structure, the closest one to the 
epicentre; ÇA is the random value with discretizecl distribution 
P = ± n . 1 5 ° } = 0.3; 0.22; 0.13 for n = 0,1,2 respectively. 

Model of tsunami. The shores of I ta ly may suffer rather strong 
tsunami, i.e. sea waves excited by earthquakes below the bottom of 
the sea. 
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For a quanti tat ive calculation of tsunami risk additional data 
are necessary, 011 the location of the hypocentres of earthquakes, 
which generate tsunami and on the intensity of tsunami, considered 
as a function of the magnitude of the earthquake and of the epicentral 
distance. 

Evaluation of these data for I taly requests special investigations, 
which are far beyond the scope of the present work. To outline the 
necessary data and to illustrate, how they can be used, we have done 
the calculations for the following conditional model, which is appar-
ently far from the real ones. The intensity of tsunami, generated by 
earthquakes with magnitude 8 on the epicentral distance 800 km, is 
taken as conditional unit . In these units intensity of tsunami is as-
sumed > 1 inside the circle of radius 1 ¡471 10°-32M+0-5. The locations, 
where the earthquakes generate tsunami, are uniformly distributed 
inside the region, shown in Fig. 2, and occupy a K-th par t of this 
region. 

Population (Table 0). 

For each province we take the data on population of its chief 
town and the average density of population outside the chief town. 
The annual increment of population is taken 1 % for chief towns and 
0.5% outside them. In the computation of the above mentioned den-
sity, the areas of the chief towns were allowed for, in spite of its over-
averaged nature. We eliminated Rome from the estimation of seismic 
risk referred to the population of chief towns, to make the object 
(the system of chief towns) not too non-uniform. The population of 
Rome is 5 times larger, than tha t of all other 7 chief towns together. 
To investigate such a unique object, one has to use not the averaged 
models of seismicity and isoseists, but local, individual models. 

Economics. Three different economic measures of seismic risk 
have been discussed in (8'10); the cost of economic values, which hap-
pened to be in the zone of shakings; the total of the economic loss; 
the loss, prevented by the protective measures. The first two effects 
are interesting in connection with problems of insurance and plan-
ning, the last one is interesting in such problems, as the choice of seis-
in or esis tan t cons tractions. 

Our computations refer to the two last measures, in conditional 
units. The units are determined, as follows: We took from (7) the 
data 011 the cost of industrial production in each province, in per-
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Fig. 4 - P robab i l i t y d i s t r ibu t ion f u n c t i o n for popu la t ion of t h e chief t o w n s 
of t h e provinces , excep t R o m e : t h e n u m b e r of people , who m a y suffer t h e 
shak ings of in t ens i ty I I X du r ing a per iod T = 30 years (var . 4 in T a b l e 1). 

cents of the total cost of the national industrial production R (see 
Table 5). Assuming that this cost is distributed uniformly on the 
territory of each province, we determined the density g of this cost 
per km2. The lack of more detailed data forced this overaveraging. 
Finally we assumed, tha t economic damages from shakings of inten-
sity I on one km2 of territory during an earthquake is proportional 
to g, i.e. is equal to B g MI). We take fc(IX) as a conventional uni t 
and assume A-(VIII) = &(IX); A-(X) = fc(IX). Considering fc(IX) 
as a total or prevented damage we can accordingly treat the results 
of our computations. 

We reduce the damage, caused by different earthquakes, to the 
common moment to the beginning of the time-period T. If the 
earthquake at the moment t caused the damage x, then the reduced 
damage is x exp {i(/3 - /?') }; here is the annual rate of the increase 
of production, /?' the average income from investments. In computa-
tions we assumed /S-/3' = - 3 % or 0. 



T A B L E 5 - A S S U M E D DATA ON ECONOMICS AND P O P U L A T I O N . 

P r o v i n c e Area 
k m 2 

P o p u l a t i o n 
IO3 

P o p u l a t i o n 
of 

chief t owns 
IO3 

D e n s i t y 
of popu la t ion 

per km 2 

outs ide t h e 
chief t o w n s 

T h e cost of indus t r i a l 
p roduc t ion pe r 100 km 2 

in % to t h e t o t a l cost 
IÎ of i ndus t r i a l p r o d u c t i o n 
for all I t a l y [a f te r ( ' ) ] ( * ) 

P ros inone 3239 437.901 37.024 123.8 0.01 

L a t i n a 2251 3G5.207 68.781 131.8 0.019 

Riet i 2749 150.377 38.720 40.0 0.004 

R o m a 5352 3351.801 2078.580 130.3 0.082 

C'hieti 2587 309.925 52.718 122.8 0.013 

L ' A q u i l a 5034 309.109 58.031 49.8 0.000 
P e s c a r a 1225 202.794 113.520 122.5 0.02 

T e r a m o 1114 203.390 40.395 111.4 0.012 

(*) A t 1905 year t h e t o t a l cost JB was 14.878.000.000.000 lire ('). 



a) 

5 x n o r m a l i z e d 

—! 1 I)/8 

b) 

5 X norma l i zed 

Fig. 5 a, b P robab i l i t y d i s t r ibu t ion f u n c t i o n of tl ie effects of t h e ea r th -
quakes for t h e h ighway Rome-Nap le s t he t o t a l length of such p a r t s of t h e 
h ighway , which m a y suffer t he shak ings of i n t ens i t y I J ; V I I I (do t t ed 
lines) a n d I ^ IX (open circles lines); a) T = 30 yea r s ; b) T — 10 yea r s 

(var . G f r o m Tab le 1). 

1 
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4 . - COMPUTATIONAL PARAMETERS 

The algorytlim of computations is described in (10). Here we shall 
indicate the main parameters. 

All surface coordinates of the epicentres, the boundaries of 
different regions and the objects were discretized. In other words, 
each point of the surface was assigned to the closest knot of rectan-
gular grids with an interval A = 10 km. This interval is adequate 
to the averaged nature of our data on seismicity, population 
and economy. For control we repeated some computations with 
A = 6 km, after having rotated and shifted the grid etc. 

The area 0 of isoseists was discretized too. The range of magnitude 
was divided into three intervals: (4.3 5.2); (5.2 -i- 6.1); (0.1 7.0). 
Inside each interval the range of possible values of Q for each I was 
replaced by 30 evenly distributed discrete values. The control com-
putations showed, tha t such a discretization of 0 gives the upper 
estimation of the effects of a single earthquake: it leads to the increase 
of estimation of this effect by about .15%. 

Our final result is the distribution function of the total effect 
of all earthquakes over a period T. This result is obtained by suc-
cessive convolutions of distribution of the same effect for a single 
earthquake (9,1°); 12 convolutions have actually been necessary. They 
could be computed by asymptotic formulae only for T = 50 years. 
For T = 10 and 30 years the convolutions have been computed di-
rectly. The distribution function of the total effect of the earthquakes 
has been computed in the interval [0 + mv + 6 <jy] where niy is 
the average effect and a ^ is the dispersion. 

5. - E S T I M A T E S OF SEISMIC RISK (Table 1, Figs. 3-5) 

Seismic risk is represented by the probability distribution func-
tions F ̂  (x) of different effects x of the earthquakes during the time-
interval T. Table 1 gives the main characteristics of these functions: 
average »¿jr; dispersion a y , the quantile X £ of 95 % confidence 
level (X < with probability 95%). Figs. 3 - 5 represent the 
complete distribution functions. For convenience the functions 
Fg (x) = 1 - Fy (x) are plotted. Fy (x) is the probability, tha t the 
effect considered will be larger, than x. Two scales are given on each 
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figure. The lower scale represents each effect x in its natural units. The 
X — wig 

upper scale corresponds to the dimensionless effect xn = — - nor-
aS 

malized in such a way, tha t its average is zero and its dispersion is 1. 
I t is interesting to note, tha t in dimensionless scale the distributions 
of different effects are much alike. 

Two distributions are not plotted, but given numerically, in 
tables 6 and 7. Table 6 concerns the chief towns of the 7 provinces 

T A B L E 6 - D I S T R I B U T I O N O F T H E N U M B E R O F C A P I T A L S OF 7 P R O V I N C E S , 

W H I C H MAY S U F F E R T H E S H A K I N G S O F I N T E N S I T Y ^ V I I I 

(var . 5 f r o m T a b l e 1). 

n 0 1 2 3 4 5 6 

1 0 0 Pn 7 7 . 9 1 7 . 8 3 . 4 9 0 . 6 2 0 . 0 9 5 0 . 0 1 3 0 . 0 0 2 

(except Rome). I t shows, how many of these chief towns may suffer 
the shakings of intensity I > VIII during the period T = 30 years. 
n is the number of such chief towns; each of them is counted as many 
times, as it suffered such shakings. P„ is the probability, tha t the 
number of shakings will be equal to the value of n, indicated in the 
upper line of the table. For example, with probability ~ 78% no 
chief town will suffer the shakings of / ^ VII I from earthquakes 
with M < 7; with probability ~ 3.5% two chief towns will suffer 
such shakings, etc. Table 7 shows the illustrative estimate of the 
effect of tsunami, x is the total length of the parts of the North shore 
of Sicily, which may suffer tsunami of conditional intensity ^ 1 dur-
ing the time period of 30 years. Tc is the relative area of such locations 
inside the hypocentral zone, in which the earthquakes generate tsu-
nami. 

CONCLUSION 

The computations, shown in the last section, illustrate the pos-
sibility to get such estimations of seismic risk, which are complete 
enough to be used in decision-making. The later may concern buil-
dings code, insurance, system of af ter - the-fact relief, etc. 



3 6 4 M . C A P U T O - V . I . K E I L I S - B O R O K - T . L . K R O N l l O D E T C . 

T A B L E 7 - T I I E T O T A L L E N G T H O F T H E P A R T S O F T H E N O R T H S H O R E O F S I C I L Y , 

W H I C H MAY S U F F E R T S U N A M I O F I N T E N S I T Y J ? 1 

(va r . 7 f r o m T a b l e 1, i l l u s t r a t i v e c o m p u t a t i o n s ) . 

I T ( k m ) 0 250 300 350 360 700 

1 0 0 [ 1 - Ì 7 „ (35) ] 9.79 9.72 9.22 8 .23 0 .5 0.36 

For actual decision-making additional computations may be 
necessary; for otber objects; for wider ranges of intensity of the shak-
ings and of magnitude of the earthquakes; for other effects such 
as the number of people, who may be actually hurt , etc. I t would 
be certainly necessary to repeat the computations for different va-
riants of all models involved, in order to estimate how our results 
are influenced by the errors in these models and what are the errors 
allowed. The experience shows, that the necessary accuracy of the 
models is often intuitively exaggerated and tha t many practical 
decisions can be made on the basis or the data already available. 
There is no doubt, however, tha t some of the models, used here (es-
pecially the models of economic effects, population and tsunami) 
are insufficient. 

The goal of this paper will be achieved if it will stimulate the 
formulation of concrete proposals of optimization on seismic protective 
measures, with specification of the objects to be protected and of 
the kind of parameters to be considered. According to such a for-
mulation the appropriate models could be constructed and adequate 
estimates of the seismic risk then computed. 
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