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Abstract 

 

The seismic ground motion of the Greater Accra Metropolitan area has been computed and the 

hazard zones assessed using a deterministic hybrid approach based on the modal summation and finite 

difference methods. The seismic ground motion along four profiles located in the Greater Accra 

Metropolitan Area has been modelled using the 1939 earthquake of magnitude 6.5(ML) as the scenario 

earthquake. Synthetic seismic waveforms from which parameters for engineering design such as peak 

ground acceleration, velocity and spectral amplifications have been produced along the geological cross 

sections. From the seismograms computed, the seismic hazard of the metropolis, expressed in terms of 

peak ground acceleration and peak ground velocity have been estimated. The peak ground acceleration 

estimated in the study ranges from 0.14 - 0.57g and the peak ground velocity from 9.2 - 37.1cms-1.  The 

presence of low velocity sediments gave rise to high peak values and amplifications. The maximum peak 

ground accelerations estimated are located in areas with low velocity formations such as colluvium, 

continental and marine deposits.  Areas in the metropolis underlain by unconsolidated sediments have 

been classified as the maximum damage potential zone and those underlain by highly consolidated 

geological materials are classified as low damage potential zone. The results of the numerical simulation 

have been extended to all areas in the metropolis with similar geological formation.  
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Introduction 
Accra, the capital of Ghana is far from the major earthquake zones of the world. However, it is located in 
a seismically active area and therefore it is prone to earthquake disaster. Records of damaging 
earthquakes in Accra date as far back as 1615. The last two major events in Accra occurred in 1862 and 
1939. An intensity of IX on the MSK scale and a surface wave magnitude of 6.5(MS) was estimated for 
the 1862 event (Ambraseys and Adams, 1986). Quaah (1980) and Junner (1941) estimated a magnitude 
of 6.5(ML) and an intensity of IX on the Modified Mercalli  (MM) scale for the 1939 event. The capital 
city and its environs have also been struck by many earth tremors from time to time. The local events 
currently recorded are very threatening. Events of magnitude more than 4.0 on the Richter scale have 
been recorded (Amponsah, 2002; 2004; Akoto and Anum, 1992). The latest earth tremors recorded 
(magnitudes 3.8 - 4.8) in the country in 1997, 2003 and 2008 were strongly felt in the capital city. This 
sequence of earthquakes makes Accra very unsafe for its inhabitants and therefore the hazard has to be 
mitigated by imposing some safety measures such as retrofitting of existing buildings and proper seismo-
resistant design for the new ones. Besides, Accra is densely populated and has a high concentration of 
industries. The terrain beneath the city is highly fractured and folded (McCallien, 1962) and most 
buildings have unknowingly been sited on these fractures while some are built on clay and 
unconsolidated materials without the appropriate engineering design to withstand these tremors. 
Therefore Accra might be more vulnerable to earthquakes than it is expected.  
 
With the historical earthquakes of magnitude greater than 6.0 and the current local events registering 
more than 4.0 on the Richter scale, it is very important to assess the seismic hazard of the city for Civil 
Engineers to use the right parameters in the design of buildings. The high seismic risk in the metropolis 
(e.g Amponsah, 2004; 2002; Tsidzi, 1994; Akoto, 1983; Van Landewicjk, 1980; Quaah, 1980; Sykes, 
1978) and the lack of strong ground motion instrumental recording data makes it plausible to use 
earthquake scenarios and seismic ground motion simulations to define the seismic input that must be 
borne by the city. 
 
As a matter of fact, the seismic ground motion parameters in a given area can be determined using strong 
ground motion records (Hamzeloo et al., 2007; Moldoveanu et al., 2004; Ding et al., 2004; Joshi and 
Midorikawa, 2004; Radulian et al., 2002; Vaccari et al., 2001; Romanelli and Vaccari, 1999; Panza et al., 
1999). The accelerograms with similar source, path and site conditions can be grouped and analyzed, but 
unfortunately such a database is not available in Ghana. While waiting for a huge dataset, what  can be 
done is to use theoretical methods and computer codes for the simulation of the expected ground motion 
and related scenarios (Zuccolo et al., 2008; Vaccari et al., 2005; Moldoveanu et al., 2004; Parvez et 
al.,2004; Slavov et al., 2004; Panza et al., 2003; Kouteva et al., 2003; Panza and Kouteva, 2002; Panza et 
al., 2002; Radulian et al., 2002; Parvez et al., 2002; Romanelli et al., 2002; El-Sayed et al., 2000; Olsen, 
2000; Aoudia et al., 1999; El-Sayed et al, 1999;  Graves, 1998). The parameters computed can be used in 
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the absence of instrumentally recorded strong ground motion data for a preventive assessment of the 
seismic hazard of the metropolis. 

 
In this study, the neo- deterministic method (e.g. Panza et al., 2001; Panza et al. (Editors) 2000) is used 
to evaluate the seismic ground motion along four profiles namely  A- A'', B- B', C-C' and D-D' in the 
Greater Accra Metropolitan Area. 
 
To determine what damages to be expected in the metropolis, the estimated peak ground acceleration are 
compared with the Modified Mercalli intensity scale (Bolt, 2004) and  with the intensity conversion table 
for MCS (Mercalli, Cancani, Sieberg intensity scale) by Panza et al. (2001). The site amplification 
estimated in terms of response spectra ratio along the profiles is computed as well. 
 

Geology of the study area  
The study area is located in the Greater Accra Metropolitan Area in southeastern Ghana between 
latitudes 5° 28'N and 5°44'N and longitudes 0° 25'W and 0°5'W (Fig.1) and covers an area of about 432 
km2. Figure 1 is the location map of the study area. 
 

  
 

Fig. 1: Location map of the study area. 
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Rocks in the study area are the Accraian, Togo and Dahomeyan formations. These formations are 
overlain by unconsolidated and poorly consolidated sediments and soils of Quaternary/Tertiary age. 
They include lateritic soil, silt, gravels, clay, fluvial or lacustrine sediments. 
 
The Accraian Formation consists of sandstones and shales which have been variously folded and faulted 
(McCallien, 1962). In Accra, rocks of the Accraian formation underlie most of the central capital district 
area up to the fringes of the Airport to the east. The Formation is flanked by rocks of the Dahomeyan 
System to the east and northeast (Muff and Efa, 2006). To the west and northwest of the Accraian 
formation, rocks of the Togo Formation mainly of quartzites, quartz-schists and Phyllites/Phyllonite 
occur (Fig.2).  
 
The dominant structural characteristics of these rocks are the northeast-southwest shear zones (Banoeng, 
2000; Muff and Efa, 2006). The depth and products of weathering vary in all these rocks. This variation 
plays a major role in the determination of seismic risks in these areas.   
 
Recent micro-earthquakes have mostly been located along the two major fault systems in the country, 
namely, the coastal boundary fault and the Akwapim fault zone. These are clear indications of a 
neotectonic movement along the fault systems. 

 

 
 

Fig.2: Geological map of the study area showing the locations of the profiles. 
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Methodology 
The input data for the ground motion simulation are the average regional structural (1D) model  (bedrock 
model), the laterally heterogeneous local (2D) model and the earthquake source tensor. 
 

Regional structural model (bedrock model)  
The crustal structure of Accra has not been studied extensively. However, the work done by Akpati 
(1975) and Attoh et al. (2004) have information on the structure of Accra up to a depth of about 4.0 km. 
Information of the crust and upper mantle of Accra to a depth of 80.0km have been taken from the 
Preliminary Reference Earth model (PREM) (Dziewonski and Anderson, 1981). In Ghana attenuation 
measurements for local rocks are not available, thus typical values have been taken from literature and 
the relation Qp = 2.2 Qs (e.g. Panza, 1985; Panza et al., 2001; Stein and Wysession, 2003) has been used. 
The layered structure used for the computation is shown in Table 1.   
 

Table 1    Parameters of the crustal structure and upper mantle of Accra. 
 
Layer 
thickness (km) 

 
Density 

 
Vp(km/s)

 
Vs (km/s) 

 
  Qp 

 
 Qs 

 
Depth 
(km) 

 
Layer    

  1.92 2.34    2.70    1.50      110   50   1.92           1  
  2.14         2.40    2.90    1.70      220 100   4.06    2  
  1.13         2.50    4.04    2.15      220 100   5.19      3  
10.05         2.77    6.13    3.54      440 200 15.24    4 
12.76         2.88    6.52    3.67      440 200 28.00           5 
10.60         3.05    7.10    3.93      440 200 38.60           6 
21.40         3.37    8.07    4.46      440 200 60.00           7 
20.00         3.38    8.08    4.47      440 200 80.00           8 

 

where  
             Vp     -    Primary wave velocity          Vs      -   Secondary wave velocity 
             Qp     -    Quality factor for P-wave     Qs      -   Quality factor for S-wave 

 
 
Laterally heterogeneous local structural models (2D) 
Data obtained from seismic refraction survey and borehole investigation in the study area have been used 
for the compilation of the mechanical properties of the geological cross sections (Amedofu, 2005; 
Amoako et al., 2005; Amedofu et al., 2004a; Amedofu et al., 2004b), shown in  Figures 3 to 6, are used 
in the computation. Cross section A - A" was published by Muff and Efa (2006).  
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Fig. 3: Geological cross section A-A'' (from Kwashiman/Dansoman to Labadi)  
with mechanical Properties. 

 

 

 

 
 

Fig. 4: Geological cross section B-B' (from Pambros to Christiansburg Castle)  
with mechanical Properties. 
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Fig. 5: Geological cross section C-C' (from Achimota to Accra central) with mechanical properties. 
  
              

 

Fig. 6: Geological cross section D-D' (from Anyaa to Korle Gonno) with mechanical properties. 
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Earthquake source 
The 1939 earthquake is used as the source of the scenario earthquake for computing the synthetic 
seismograms for all the profiles. The focal mechanism of the 1939 earthquake is normal faulting with 
some component of right-lateral strike movement. The magnitude of the event is 6.5(ML) and its 
maximum intensity is IX on the Modified Mercalli (MM) scale. The epicentral location is 5.40°N and 
0.25°W. The focal parameters are dip = 80°, rake = 240°, strike = N9°E, depth = 18 km (Quaah, 1980).  
 

Computation of synthetic seismograms  

The computation of synthetic seismograms along the geological cross-sections A-A'', B-B', C-C' and D-
D' (Figs.3-6) is done using the hybrid method according to the technique described by Faeh (1992); Faeh 
et al. (1993); Faeh and Panza (1994) and Panza et al. (2001). 
 
The hybrid technique combines the modal summation and the finite difference methods. The modal 
summation technique (Panza, 1985; Panza and Suhadolc, 1989; Panza et al., 2001) is first applied to 
simulate the wave propagation in the bedrock model, from the source to the beginning of a 10.0km long 
and 200m deep geological cross sections imbedded in the bedrock. The synthetic waveforms computed 
along the bedrock model are numerically propagated into the 2D laterally heterogeneous local model by 
the finite difference method for the computation of the seismograms along the free surface. 
 
The grid points established for the finite difference computation is 2800 by 600 along the X and Z axis 
respectively. A grid spacing of 0.005km is used for the simulation. The signals are computed with a cut-
off frequency of 10.0Hz. The waveforms are scaled to the desired magnitude in the frequency domain 
(Panza et al., 1999) using the scaling law of Gusev (1983) as reported by Aki (1987). 

 
Results  
Synthetic seismograms transverse (SH), radial and vertical components (P-SV) have been computed 
along the profiles. The peak ground acceleration (PGA) and peak ground velocity (PGV) estimated in the 
study ranges from 0.14g to 0.57g and from 9.2 cms-1 to 37.1 cms-1, respectively. According to the 
correlation relation by Panza et al. (2001) these values correspond to intensity ranging from IX to XI on 
the Mercalli, Cancani, Sieberg (MCS) scale and from VII to IX on the Modified Mercalli intensity scale 
(MMI) (Bolt, 2004). 
 
The peak ground acceleration computed for the radial component of motion ranges from 0.28g to 0.57g 
while those for the vertical and transverse ranges from 0.20g to 0.34g and 0.14g to 0.38g, respectively. 
The peak ground velocity on the radial component ranges from 21.0cms-1 to 37.1 cms-1 those from the 
vertical range from 11.7cms-1 to 22.0cms-1 and the transverse from 9.2cms-1 to 22.4cms-1. Amplification 
up to 6 at a frequency ranging from 2.5Hz to 4.0Hz and at an epicentral distance of about 15.0km to 
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17.0km has been estimated on the vertical component on profile D-D'. In general, areas underlain by 
sandy sediments experience the largest amplifications.  
 
Using the peak ground values and the amplifications computed, the Greater Accra metropolitan area has 
been divided into two main hazard zones. Areas underlain by unconsolidated sediments are classified as 
the maximum damage potential zone whilst those underlain by highly consolidated geological formation 
are classified as low damage potential zone. Figure 7 is the seismic hazard zoning map of the metropolis.  
 

 

Fig. 7: Seismic hazard zoning map of the Greater Accra Metropolitan Area. 

 

Some of the models and seismograms computed are shown in Figures 8-10. The highest peak ground 
acceleration and amplification is computed along profile D-D'. That profile has therefore been shown in 
Figures 8-10. Furthermore, it is the most representative in terms of soil conditions. 
 
The site amplification estimated in terms of response spectra ratio for profile D-D' is shown in Fig. 11.  
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Fig.8: The local model (bottom) and the synthetic seismograms computed along  
the profile D-D' (vertical component). 

           

 

Fig. 9: The local model (bottom) and the synthetic seismograms computed along the profile D- D' 
(radial component). 
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Fig.10: The local model (bottom) and the synthetic seismograms computed along the profile D- D' 
(transverse component). 
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Fig.11:   Response spectra ratio (RSR) for the profile D-D'. 

 

Discussion and Conclusions 
The seismic ground motion of the Greater Accra Metropolitan Area has been computed and the hazard 
zones assessed with a hybrid method based on the computations of synthetic seismograms that take 
simultaneously into account the source, path and site effects. The presence of low velocity sediments 
gives rise to the high peak values and amplifications. The peak ground acceleration and velocity 
computed for the metropolis ranges from 0.14 - 0.57g and 9.2 - 37.1cms-1, respectively. These 
correspond to intensity ranging from VII to IX on the MM Intensity scale (Bolt, 2004) and IX to XI on 
the MCS scale (Panza et al., 2001). At such intensity level, structures and buildings would be completely 
destroyed with heavy loss of lives and property when an earthquake of such intensity strikes the 
metropolis. 
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The maximum peak ground acceleration estimated is located in areas with low velocity formations such 
as colluvium, continental and marine deposits. Areas in the Greater Accra metropolis underlain by 
unconsolidated sediments with poor mechanical properties are therefore classified as the maximum 
damage potential zones (the most hazardous). Buildings in these areas should be designed to resist such 
high ground acceleration. Areas characterized by highly consolidated geological materials are classified 
as low damage potential zones. The results of the numerical simulation have been extended to all other 
areas in the metropolis with similar geological formation. 
 
Development within the metropolis is generally not controlled or planned, a recipe for major disaster in 
the event of a strong earthquake. Buildings are poorly designed and constructed and the building codes 
are not adhered to. This construction practice led to the collapse of some buildings in the metropolis 
(Allotey, 2006). A typical construction feature prominent in the metropolis is the weak column-strong 
beam reinforced concrete construction practice, which has been the major cause of death in the recent 
earthquakes that struck Algiers, Algeria in 2003; Gujurat, India in 2001 (Allotey and Amponsah, 2007).  
 
In the absence of instrumental strong ground motion data, the seismic hazard of the Greater Accra 
metropolitan area has been assessed. It is now possible to define realistic seismic parameters for the 
already built area. The parameters obtained from the seismograms allow us to estimate the seismic 
hazard of the metropolis.  
 
Predicting the pattern of ground motion of scenario earthquakes in urban areas and identifying locations 
which are vulnerable would help in reducing the potential of earthquake damage in such heavily 
populated area. The ground motion parameters obtained is useful for urban planning, retrofitting of the 
built environment, for earthquake preparedness and risk reduction. Civil Engineers can use the 
parameters as seismic input for the design of structures. This is a prerequisite to curtail the negative 
impact of any strong earthquake on structures in the metropolis. 
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