Evaluating Seismic Activity in Ethiopia
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The parameters used in evaluating the seis-
micity of a region are (a) the areal distribution of
the seismic ¢vents, {b) their magnitude, (¢) their
frequency of occurrence, and (d} their focal depth.
From the value of these lour parameters, the strain
and energy releasced is computed per unit arca. usually
per square degree, and then a seismic probability
map is constructed from which seismic risks in a
given sector can be asscssed,

For Ethiopia, at present, a good quantity of
instrumental data is available on the magnitude,
epicentral distribution and frequency of occurrence
of damaging earthquakes which have occurred since
the beginning of this century. Sixty years of seismic
history is an extremcty short period of time and the
analysis of these data. often incomplete, certainly does
not yicld an exhaustive picture of the present seismic
conditions of a whole country, since it does not
take into consideration the shifting in location of
seismic cenlers with time nor the amplitude of their
activity. It is known, [or instance. that the western
provinces were much more seismically active one
century ago than they are today. Despite the short
comings of our present knowledge, for engineering
purposes one fact is certain: Ethiopia as a whole
is a region where seismic activity often exceeds the
threshold of damage. Tt is therefore pressing, in this
present period of rapid development. to assess the
magnitude of the problem and to take the clementary
precautions necessary to minimize damage to lives
and property.

Where do earthquakes happen in Ethiopia?

From figure 1 on which are plotted epicenters
of earthquakes which could have produced damage
within the borders of Ethiopia, it is apparent that
most of the country is subject to seismic activity.

The pgreatest concentration of epicenters is
found alorg the western escarpment ol Afar and
along the Ethiopian rift. This seismic belt ol about
200 km in width runs parallel to the Asmara-Addis
Ababa-Movale highway. During the last century.
centers of activity have moved along that zone:
in 1842, the activity was located near Ankober and
the then-capital ol Shoa was completely destroyed
(1); in 1853-1854, the epicenters had moved 39 to
the north and left substantial fissures in the ground
ncar lake Ashangui (2): in 1884, they were located
off the coast of Mussawa and the city was heavily
damaged (3.4,5,6): in 906, swarms of earthquakes
shook the Shoa province at an epicentral distance
of 75-100 km from Addis Ababa; (7.8.9); during

June-July 1913, the epicenters were located North
of Asmara: in 1921, Massawa was completely des-
troyed (10,11} and the peopte of Eritrea remember
these years as HODY £A®Ad . in 1960, an
carthquake of magnitude 6.3 hit a few kilomcters
west of Sheshamane ncar the dormant volcano
Chabbi: in 1961, the seismic activity was centered
in Wollo where Majete was 1007, destroyed and
Kara Kore heavily damaged; in (964, Dessie was
hit. When compared to the rest of Ethiopia, it is
cstimated that since 1606, about 75% of the total
encrgy has been rclcased along this seismic zone,
By an unfortunate coincidence, this seismic belt
corresponds 1o a zone of high population density.

At the latitude of Awash station, where the
Ethiopian rift valley meets Afar. (see figure 1), a
second seismic belt branches off the first one and
crosses the Danakil desert in a NNE direction. This
zone follows a line of silicic volcanic centers and
reaches the shores of the Red Sea at the latitude
of the Dubbi volcanic complex, near Edd. The recent
disastrous earthquakes in Aussa, where Sardo is
located, happened in this seismic zone.

The south-eastern region of Ethiopia, referred
to in geolcgy as the Somali platcau, is much less
seismically active. Apart from the series of shocks
which occurred in Hararghe in 1953 (12} and
caused damage both in Harar and Dire Dawa, no
other scismic event has ever been reported. Ogaden
seems to be practically inactive,

How large are the earthquakes in Ethiopia?

There are two ways of expressing the “strength”
of an earthquake: either by givirg thc Magnitude
of the cnergy-release at the focus, or by indicating
the Intensity of the damage produced by this relcasc
of energy.

Engineers, in general, are used to speaking in
terms of damage caused 1o man-made structurcs:
they refer to intensity scales such as the Mercalli
Modilied or the Rossi-Forel scales. which they
usualty identily as the 12-or the 10 grade scales.
Since the damage is an effect of acceleration. ground
displacement, etc. . . caused by a relcase ol energy
at u given [ocal point or along a [ault line, seismo-
legists prefer to speak in terms of quantity of energy
or strain released. The scale they use is the
Richter energy-scale or Magnitude (M) scale. Know-
ing the quantity of energy, the depth of the locus,
its distance [rom u given site. the geolcgy of the
region, and the soil and sub-soil conditions, it is
easier to compute such lactors as attenuation of
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energy with distance, dispersion of frequencies,
acceleration, earth displacement wvectors, that is,
all the parameters essential for the assessing of seismic
risks at a particular site and therefore forccasting
eventual damage to a given type of structure.

The magnitude (M) scale is a quantitative evalua-
tion of the strength of an earthquake, while the
intensity (I) scale gives a qualitative estimation of
the damage produced, provided that, in the epicentral
region, there be “something” to be damaged! Gut-
cnberg and Richter have formulated the quantity
of energy released as follows:

Log,o E (ergs) —a | b M

where M is the magnitude of the cvent, a’ and
“b’" are constants 1o be determined for each region.
tor the total globe, 11.4 and 1.5 are the values used
for “a™ and “b’’ respectively. To give an example,
a seismic event of M O yields 2.5 x 10'! ergs whilc
an evenl of M = 8.9 yiclds 5.6 x 1024 ergs. The
other ratios are distributed logarithmically between
these two cxtremes. The strain release is equal to E'i2,

Basing this analysis on instrumental data going
back as far as 1906, the estimated maximum magni-
tude tecorded for an event having taken place in
Ethiopia is 6.75 Under standard geological condit-
ions, an event of this magnitude occurring at nor-
mal depth (30-35 km) would produce at the epicenter,
that is, a point on the surface of the carth direetly
above the focal point. damage of intensity VIII-IX
on the Mercalli scale and about IX on the Rossi-
Farel scale,

How often do carthquakes happen in Ethiopia?

During seismically quiet years, the Geophysical
Observatory has rtecorded since 1959 an average
of 1.5-1.6 scismic events per day originating within
a radius of 1000 km from Addis Ababa. Since therc
is only onc scismic station in the country, events
happening beyond a maximum epicentral distance
corresponding  to  their magnitude are naturally
eliminated from these statistics.

In the years of higher seismic activity, the daily
count reached 350 at Addis Ababa in May 1961
{13).In Asmara. betwecn June 6 and July 6, 1913,
141 shocks were recorded on the very low sensitivity
equipment temporarily installed in the city (14); 457
shocks were also reported felt at the same place
between May and June 1921 when swarms of earih-
quakes destroyed Massawa (1 [). Historical documents
often report that tremors were felt for months and
months and even years, especially in Tigré. after a
large carthguake.

All the recorded carth tremors are not necess-
arily reported felt or destructive. The instruments
at present used at the Observatory have a dynamic
amplication factor of x50K at periods of 0.8-0.9
seconds: this would mean that 959 at lcast of the
tremors recorded are not reported felt. The recording
of such micro-seismic activity would be ol primary
importance in mapping the active fault-zones in
Ethiopia if the location of each individual event
could be accurately pinpointed. With one station,
an accurate epicentral distance can be calculated
but the determination ol an accurate azimuth requires

a minimum of a tripartite array, a network that
we do not have at the moment,.

The analysis of the frequency of earthquakes
as a function of their magnitude gives for Ethiopia
the following mean statistic ratios:

Table 1

ESTIMATED FREQUENCY OF EVENTS ABOVE
A GIVEN M,» 4.5

Magnitude Mg Nnmber of events per vear

6.5 0.165
6.0 0.4
5.5 I
5.0 2.8
4.5 6

These figures are valid for Ethiopia as a whole and
for a period of sixty years. The values to be attributed
to different sectors of the country are still to be
computed.

How deep are the foci in Ethiopia?

In estimating the seismic risks, the focal depth
of a shock i1s important since it is a primary factor
controlling the cnergy radiation pattern. A good
example of the importanee of focal depth to the degree
of damage for shocks of similar magnitudes are the
result of earthquakes of Kara Kore and Sardo.
During the Kara Kore quakes of 1961 damage was
observed as far as 250 km [rom the epicentral region:
among other instances, in Addis Ababa partition
walls of a well designed modern building were deta-
ched from their reinforced concrete [rame. The
[ocal depth of the Kara Kore quakes reached 57
kilometers. In Sardo, this year, damage was extremely
heavy but restricted to very small areas: the village
of Sardo and a particular fault-line. The only damage
to houses outside of Sardo was the collapse of an
an adobe brick house in Dubti, about 40 km away.
Most of the shocks had a local depth of 4-5 kilome-
ters only. The smaller the focal depth, the higher
the absorption of radiated energy with dislance,
the higher the damage in a restricted zone near the
epicenter.

All earthquakes happening in Ethiopia are
classified as *‘shallow’; thc focal depths range
between 4 and 60 kilometers.

What causes earthquakes in Ethiopia?

There are two types of shallow earthquakes:
tectonic and volcanic, By an earthquake of tecionic
origin is meant a release of energy due to thc re-
adjustment of [orces within the earth's crust or the
upper mantle. Earth tremors of volcanic origin are
those which often accompany volcanic eruptions.

In Ethiopia, there are some active and some dor-
mant volcanoes, most of them in the Danakil desert.
Historical documents narrale volcanic eruptions ac-
companicd by destructive earth tremors: for instacne,
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