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Α Β S Τ R Α C Τ 

The analysis of 156 isoseismal maps of earthquakes occurred 
in Albania and nearby, for the period 1800-1988 reveal a 
dependence relation between seismic intensities and epicentra1 
distance of type proposed by Blake (1941). Based οη this model 
a methodology proposed by Bottari Α. et al., (1979) was applied 
for the determination of hypocentral depth h and attenuation 
coefficient, γ. 

The application of this methodology in the case of shallow 
earthquakes as those of Albania and nearby regions gives very 
good results; the calculated seismic intensity corresponds very 
well to the observed one. 

Based οη statistical analysis, for the territory of Albania 
and nearby, we have found relations between Ιο ' Ι; and h.ΜιΗ , 
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Π Ε Ρ Ι Λ Η Ψ Η 

Η ανάλυση 156 xαρτώ~ ισοσείοτων καμ~υλών α~ό σεισμούς της 
Αλβανίας και των γύρω ~εριoxών της ~ερι6δoυ 1800-1988 α~oκάλυΨε 

μιά σχέση εξάρτησης τύ~oυ Blake (1941) ανάμεσα στις εντάσεις και 

τις ε~ικεντρικές α~oστάσεις. Η τεχνική ~oυ ~ρoτάxθηκε α~ό τον 

Bottari et al., (1979) βασίζεται στο ~αρα~άνω μοντέλο και 

xρησιμo~oιήθηκε για τον ~ρoσδιoριoμό του εστιακού βάθους h και 

του συντελεστή α~6σβεσης, γ. 

Η εφαρμογή αυτής της μεθόδου στους ε~ιφανειακoύς σεισμούς 

της Αλβανίας και των γύρω ~εριoxών δίνει ~oλύ καλά α~oτελέσματα: 

η υπολογισθείσα σεισμική ένταση αντιστοιχεί ~oλύ καλά με την 

παρατηρούμενη. 

Με βάση την στατιστική ανάλυση, για την Αλβανία και τις γύρω 

περιοχές, βρήκαμε σχέσεις μεταξύ , 10' Ι; και h.ΜιΗ 

1NTRODUCTION 

The analysis of 156 isoseismal maps of earthquakes occurred 
in Albania and nearby, for the period 1800-1988 reveal a 
dependence relation between seismic intensities and epicentral 
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distance of type proposed by Blake (1941). Based οη this model 
a methodology proposed by Bottari et al.(1979) was applied for 
the determination of hypocentral depth h and attenuation 
coefficient γ. The calculation of those two parameters are made 
following two steps: Ιη the first step both the focal depth h and 
γ coefficient are roughly estimated from a comparison with some 
master curves. Ιη the second step the final values of h and γ are 
obtained by using an analytical method. 

Ιη this procedure the accurate evaluation of the γ 

coefficients plays an important role οη the accuracy of the' 
determination of hypocentral depth h, epicentral intensity Ι and 
coefficient of seismic energy absorption. ο 

ΒΥ analysing macroseismic data for Albania and nearby 
regions it was found γ=3.06 for earthquakes with h<10km and 
γ=4.55 for earthquakes with h>10 km. γ=4.0 was accepted as a mean 
value. The mean value of absorption coefficient was found 
γ=Ο.0095. 

Based οη those parameters, for earthquakes of Albania and 
nearby regions, it was found the relation between epicentral 
seismic intensity Ι , seismic intensity Ι., magnitude M focal 

Q • , •

and the eplcentral dlstance Δ, or hypocentral LJ 
, 

depth h, lstance 
Ο;, 

The determination of the parameters of macroseismic field 
and their relations with the instrumental ones is of a great 
interest for the seismic hazard assessment and seismic risk 
analysis. 

ΤΗΕ MACROSEISMIC FIELD MODEL 

For modelling the dependence of seismic energy attenuation 
οη hypocentral distance many authors have proposed relations 
between epicentra1 intensity Ι, hypocentral distance Ο. and 
hypocentral depth h (Shebalin eOt al.a. 1974, Chrometskay1 and 
Shebalin 1978, Evenden et al. 1974, Fu Cen and Liu 1960, 
Gutenberg and Richter 1956, Howell and Schultz 1975, Karnik 1956, 
Karnik 1969a,b, Neuman 1954, Sulstarova and Kociaj 1975, 
Sulstarova 1986) 

The classical relation which represents the attenuation of 
energy from hypocentral distance is: 

Εο -n ( )E=-D' exp -cD ( 1 ) 
4π J l 

Ε - total seismic energy release at the focus of earthquake 
D~ - hypocentral distance 
~ - constant of the rhythm of energy attenuation from the 

hypocentral distance 
c - constant of the rhythm of energy absorbtion 

If it is supposed that the seismic intensity Ι. is 
proportional to the seismic Energy Ε, then: 

Ii=a+blogE (2 ) 
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Replacing the equation (2) to equation (1) we will obtain: 

Ι; =a+blog~-bnlogD, -bcD,loge (3) 
~ 4π ­

Ιη the case when the observation point is the epicentre of 
earthquake (D;=h) we obtain: 

Io=a+blOg(~)-bn logh-bch loge (4) 
4π 

Subtracting the equation (3) from the equation (4) we will 
obtain: 

(5 ) 

replacing: 
Ύ = bn 

D , =JΔ~-h2 

ρ = bc loge 

~η the equation (5) we obtain: 

(6 ) 

Equation (6) represents the model of macroseismic field of 
Kovesligeth type. The seismic energy attenuation with distance 
can be expressed by a simpler equation: 

( 7 ) 

Substituting the equation (7) to the equation ( 2 ) and 
following the above simplification we obtain the following 
equation: 

(8 ) 

This equation represent the model of macroseismic field 
proposed by Blake(1941}. 

The equation (6) is of Kovesligethy form and represents more 
accurately the macroseismic field, especially in the case of 
large earthquakes. Blake's equation (8) is simple but, in case 
of distant strong earthquakes it can ι t model accurately the 
macroseismic field. For studying the macroseismic field of 
earthquakes in Albania and nearby regions, since the maximum 
expected magnitude of earthquakes is Μ = 7.2+/-0.3 and the 
epicentral distance is relatively small';"x we have applied the 
model proposed by Blake. 
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ΒΥ analysing the isoseismal maps of 156 earthquakes occured 
in Albania and nearby (Shebalin et al. b. 1974, Hadzievski 1971, 
Sulstarova and Kociaj 1975, Sulstarova 1986), it is clearly seen 
that for equal intensity intervals the corresponding interval for 
the epicentral distances increases as Ι decrease. Consequently 
the ratio between the first interval to the second one results 
linearly proportional to the intensity Ι, and is always negative, 
given that Ι decreases as increases. Based οπ this conclusion and 
differentiating equation (8) we obtain: 

df. γ Δ.
 
dΔ 

1 

=-2.303 D~=-aIi (9)
 
1 i 

Using equation (9) we can ca1culate the coefficient of 
absorption: 

γ ~ 
α= (10 )

2.303 D7 I j 

Equation (10) is used for the determination of the 
coefficient of energy absorption.in respect to the epicentre and 
hypocentral distance. 

The parameters of the equation (8) and (10) are determined 
using macroseismic observations. They depend οη the effects of 
seismic wave propagation and the absorbing properties of the 
medium. 

Knowing the coefficient of the seismic intensity attenuation 
Υ and based οπ isoseisma1 map data, from the equation (8), we can 
determine the focal depth: 

Ν 

_ 1 Σ Δ ιh-­ (11 )
Ν i=l Ι [2I o-I,J 

10 Υ -1 

ΒΥ using equations (10) and (11), we can ca1cu1ate 
respectively absorbtion coefficient Υ and focal depth h. The 
intensity attenuation coefficient is an important parameter of 
the macroseismic field. 

ΤΗΕ DETERMINATION OF ΤΗΕ INTENSITY ΑΤΤΕΝυΑΤΙΟΝ COEFFICIENT 

Based οπ the theoretica1 mode1 of the macroseismic fie1d 
represented by equation (8) we constructed graphica11y the master 
curves for Υ in the 2 to 8.0 interva1 and foca1 depths h in the 
Ο to 45 km interva1, for every 5 km. Ιη fig.1 is shown one of 
those master curves. The abscissa represent 10g and the ordinates 
represent Ι -Ι .. The mean epicentra1 distances for each isoseist 
are ca1cu1a~ed using the area within the isoseist. 

Based οη the mean radius of each isoseist and the intensity 
difference Ι -Ι, for each earthquake, we constructed a curve 
representingO the seismic intensity decay with the epicentra1 
distance. Those curves are compared with the master curves, 
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obtained by using equation (8). For each earthquake, the va1ues 
of and h corresponding to that curve which fits better with the 
observed macroseismic data, are accepted as pre1iminary va1ues 
and used for further ca1cu1ations (see fig1). 

The accurate values of Ύ, focal depth h and corrected 
epicentral seismic intensi ty ι are found using Least Squarec
Method using equation (8). Foro each isoseist it is found the 

corresponding Ύ and 10' Fina11y Υ is ca1culated as mean va1ue 

of found for each isoseist: 

_ Ν Io-l iγ=..! Σ -D ( 12)
Ν i=l , 

10911 

The corrected epicentra1 intensity is ca1cu1ated using the 
formu1a: 

Ν 

Σ (Ii+y logDi 
(13 )I = 1=1 h) 

oc 
Ν 

The foca1 depth is finally eva1uated using the equation (11) 

the corrected epicentra1 intensity I and Ύ. Then, we can oc 

ca1cu1ate the theoretica1 radius of isoseists and the coefficient 
of absorption. 

We app1ied the above method for the calcu1ation of 
macroseismic parameters of earthquakes occurred in A1bania for 
which isoseisma1 maps exist. 1η the tab1es 1 and 2 given two 
examp1es: 

Examples: . 
Table 1. Earthquake of November 3Ο, 1967,with magnitude Μ ιΗ=6.6 

Intensity 10=9 (MSK-1964 sca1e). 

Intens. 

ΙΧ 

νιιι 

νιι 

νι 

ν 

ιν 

Mean Radius of Isoseist 
Parameters 

Observed Theoretica1 

Ι 

4.815.3 

17.4 17.94 

39.0 36.25 

67.8773.7 

130.0 124.65 

165.0 227.65 

-
Ύ = 3.838410.2402 (6.25%) 

= 9.165110.2413 (2.72% )oc 

h = 10.282 ±1.4676 (14.27%) 

Ύ = 51'10-~ 
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Table 2. Earthquake of Apri1 15, 1979 with magnitude ΜιΗ=7.2, 

intensity 10=9.5 (MSK-1964 sca1e) 

Intens. 
Mean Radius of Isoseist 

Observed Theoretica1 

ΙΧ 13.6 13.58 

33.09 

62.26 

111.23 

195.77 

νΙ11 36.6 

νιι 62.8 

νι 105.1 

ν 184.8 

1ν 341.6 342.94 

Parameters 

γ = 4.1241±0.1808 (4. 36%) 

Ι = 9.4827±0.9150 (Ο.96%) oc 

h	 = 16.0795±0.9509 ( 5.91% ) 

= 35 10-4
Υ 

1η a1most a11 156 earthquakes ana1ysed by app1ying the B1ake 
mode1 we have obtained a very good fitting between the empirica1 
re1ation and observed data. We can conc1ude that B1ake's mode1 
is a good too1 for studying the macroseismic fie1d of earthquakes 
of A1bania territory and nearby, where the earthquakes are 
sha110w and maximum magnitude is Μ =7.5. 

1η this study we have also a~~lysed the re1ation between 
foca1 depth h, Υ and epicentra1 seismic intensity Ι • The resu1ts 
obtained show a c1ear dependence of Υ οη foca1 °depth and in 
contrary, ηο depend ence οη Ι . Because of the effect of wave 
propagation t in Υ in creases Jhen foca1 depth increases. 

For A1bania and the regions nearby it is found Υ=3.06 for 
earthquakes with h < 10 km and Υ=4.55 for earthquakes with h>10 
krn. Υ=4.0 is accepted as a mean va1ue and the corresponded va1ue 
of the absorbtion coefficient is found α=0.0095. 

RELATIONS BETWEEN MAGN1TUDE (ΜιΗ)ι SE1SMIC 1NTENSITY (Ι)
 

AND FOCAL DEPTH (h)
 

Ροτ the eva1uation of seismic intensity, in this study we 
have app1ied the MSK-1964 sca1e (Medvedev et a1. 1964). This 
sca1e is based οη the eva1uation of damage of structures which 
are bui1ded without any aseismic design criteria. For bui1dings 
where such criteria are app1ied we have used a revised 
appropriate sca1e. 1η dense popu1ated areas, where macroseismic 
data were sufficient, and for earthquakes with intensity greater 
than 5 degrees (MSK-1964)t the eva1uation of seismic intesity was 
carried out based οη a statistica1 approach (Su1starovaIE., 
1986). Ροτ each type of bui1ding the mean degree of damage and 
corresponding intensity (Ι.) is eva1uated. 

Based οη statistica1 ~na1ysis, for the territory of A1bania 
and nearby, we found the fol1owing relations between ΜιΗ , 10' 1 

j 
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1 

and h: 

Μ=Ο.53(±0.ΟI)Ιο +I.46(±Ο.12) (14 ) 

Ιο =1 .7 5MLH-3 . 0610gh-O. 61; h<10ΚΠ1; 4.0sΜΩ.5 ( 15) 

I o =I.75MLH-4.551ogh+3.45; h>10ΚΠ1; 4. ΟsΜΩ. 5 ( 16) 

The mean relation: 

I =2.1MLH-4.01ogh+0.44: 4. ΟsΜΩ .5 (17 )o

Ιη the cases οί historical earthquakes where macroseismic 
data exist, the following formula is adopted for the calculation 
οί macroseismic magnitude: 

~"x= ~ (I i +ylogD1 +c) ί for i>2 ( 18) 

where: 
D.- hypocentral distance; 1- seismic intensity based οη 

MSK-1964 scale; Ύ- coefficient οί 'seismic intens~ty attenuation; 
b, c- coefficients . 

When Δi»h and the seismic intensity οί the corresponding 
isoseist is 2 degree and more smaller than epicentral intensity, 
Ο.=Δ. is a good approximation. 

'It is observed that in the cases when accurate values οί 
b,c,y coefficients are obtained the instrumental magnitude ΜΙΗ is 
equal to the macroseismic one, calculated following the formula 
(18). For example in the case οί April 15,1979 earthquake, with 
1=9.5 (MSK-964 degree), the macroseismic magnitudes correspondig 
t~ the isoseistes 7,6,5 degree with respective average radius 
63,105,185 km are found respectively 7.29,7.20,7.23. The mean 
value οί magnitude Μ =7.24 is very close to the instrumental 

. d max 
magn~tu e M =7.2lH

CONCLUSIONS 

The macroseismic field model proposed by Blake can be 
applied wi th very good resul ts in the case of shallow earthquakes 
as those of Albania and nearby regions. The calculated seismic 
intensity following this model corresponds very well to the 
observed one. 
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