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Advisors & Partners
•

Advisory Board:
 Jamie Richardson (Shelter and Construction Consultants)
 Stuart Fraser (Global Facility for Disaster Reduction and Recovery)
 Sean Wilkinson (Newcastle University, UK)
 Tom Blenkinsop (Cardiff University, UK)
 Matthew Free (Arup)

•

Partners:
 University of Malawi Polytechnic
 Geological Survey Department
 Malawi University of Science and Technology
 University of Malawi Chancellors College
 University of Cape Town
 The Eastern and Southern African Seismic Working Group, including Atalay Ayele
(Ethiopia), Fred Tugume (Uganda), and Ghebrebrhan Ogubazghi (Eritrea)

bristol.ac.uk/cabot

Research Objectives
•

Develop integrated seismic risk assessment tools for East African countries.
The tools treat alternative hypotheses and uncertainties associated with
hazard, exposure, and vulnerability components comprehensively and
consistently.
Impact

•

Co-produce a variety of seismic hazard-risk maps and seismic design
guidelines in close collaboration with local governmental and academic
partners.

•

Improve the knowledge on tectonic behaviour of major fault systems in East
Africa by gathering new field data (geology and GPS) and by analysing the
regional seismicity data.
Academic

•

Develop bespoke seismic vulnerability models of unreinforced masonry (brick)
constructions in East Africa through an extensive experimental programme and
advanced structural modelling.

•

Investigate the effectiveness of low-cost engineering solutions to improve the
seismic resilience of the buildings and infrastructure in East Africa.
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Motivation and Previous & Current Work
• East African Rift System and Malawi Rift
• The 2009 Karonga earthquake
• Rapid changes to socioeconomic conditions and built environments

• Probabilistic seismic hazard maps for Malawi (Hodge et al. 2015)
• Seismic risk assessments for Malawi (Goda et al. 2016).
• Scenario-based earthquake impact assessment tool (Goda et al. 2018)
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East African Rift System & Malawi Rift
• EARS is an active continental rift zone in East Africa.
• The seismic potential of fault systems in Malawi Rift
can be high – up to Mw8 based on identified
geological structures (Jackson and Blenkinsop 1997).

(Nubian)

2009 Mw6.0
Karonga
earthquake
1989 Ms6.6
Salima-DedzaMchinji earthquake
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2009 Karonga Earthquake Sequence
• The December 2009 Karonga earthquake sequence, albeit moderate events
with moment magnitudes Mw5.4 to Mw6.0, caused significant damage and
disruption to local communities (e.g. Biggs et al., 2010).
• The earthquakes hit the rural area of Northern Malawi, causing collapse of 1557
buildings and major damage to several thousands.
• Key issues: lack of seismic design considerations – importantly, proper building
construction practice and use of poor materials (economic and environmental).
(Nubian)
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PSHA Maps for Malawi

(Nubian)

Start from regional seismicity data from the ISC catalogue and major faults
along Lake Malawi, a seismic source model was developed.
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Hodge, M., Biggs, J., Goda, K., and Aspinall, W. P. (2015). Assessing infrequent large earthquakes using
geomorphology and geodesy: the Malawi Rift. Natural Hazards, 76(3), 1781-1806. OpenAccess

PSHA Maps for Malawi

(Nubian)

Multiple synthetic
earthquake catalogues
are generated to
investigate the
importance of including
faults based on
geomorphological
information in PSHA.
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Hodge, M., Biggs, J., Goda, K., and Aspinall, W. P. (2015). Assessing infrequent large earthquakes using
geomorphology and geodesy: the Malawi Rift. Natural Hazards, 76(3), 1781-1806. OpenAccess

PSHA Maps for Malawi

(Nubian)

As expected, the effects of including faults in PSHA are significant at
locations near the faults.
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Hodge, M., Biggs, J., Goda, K., and Aspinall, W. P. (2015). Assessing infrequent large earthquakes using
geomorphology and geodesy: the Malawi Rift. Natural Hazards, 76(3), 1781-1806. OpenAccess

PSHA Maps for Malawi
Site-specific
PSHA results
are also
obtained.

(Nubian)
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Hodge, M., Biggs, J., Goda, K., and Aspinall, W. P. (2015). Assessing infrequent large earthquakes using
geomorphology and geodesy: the Malawi Rift. Natural Hazards, 76(3), 1781-1806. OpenAccess

Seismic Risk Assessments for Malawi
• The PSHA model is
extended to carry out
probabilistic seismic risk
assessments for Malawi
by including exposure
and vulnerability models.
(Nubian)

Goda, K., Gibson, E. D., Smith, H. R., Biggs, J., and Hodge, M. (2016). Seismic risk assessment of urban and
rural settlements around Lake Malawi. Frontiers in Built Environment, 2(30). Open Access
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Seismic Risk Assessments for Malawi

(Nubian)

Goda, K., Gibson, E. D., Smith, H. R., Biggs, J., and Hodge, M. (2016). Seismic risk assessment of urban and
rural settlements around Lake Malawi. Frontiers in Built Environment, 2(30). Open Access
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Seismic Risk Assessments for Malawi

(Nubian)

• Three global seismic
vulnerability models are
considered for the
assessments.
• These models produce
different results for extreme
situations of very large ground
shaking (which is represented
by MMI).

Goda, K., Gibson, E. D., Smith, H. R., Biggs, J., and Hodge, M. (2016). Seismic risk assessment of urban and
rural settlements around Lake Malawi. Frontiers in Built Environment, 2(30). Open Access
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Seismic Risk Assessments for Malawi

(Nubian)

Seismic hazard and risk curves for different cities in Malawi in terms of MMI and
number of collapsed buildings can be generated.
Goda, K., Gibson, E. D., Smith, H. R., Biggs, J., and Hodge, M. (2016). Seismic risk assessment of urban and
rural settlements around Lake Malawi. Frontiers in Built Environment, 2(30). Open Access
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Scenario Earthquake
Impact Maps
• General framework of Risk = Hazard
× Exposure × Vulnerability.
• Hazard – Geological mapping and
geodetic measurements.
• Exposure – 2008 Census data – To
be updated with 2018 Census data
when available.
(Nubian)
• Vulnerability – Building surveys,
structural lab testing, and analytical
seismic analysis
• Risk (Output) – Affected population
map and building collapse map
Goda, K., Kloukinas, P., De Risi, R., Hodge, M., Kafodya, I.,
Ngoma, I., Biggs, J., Crewe, A., Fagereng, A., and Macdonald,
J. (2018). Scenario-based seismic risk assessment for Malawi
using improved information on earthquake sources and local
building characteristics. 16th European Conference on
Earthquake Engineering, Thessaloniki, Greece, Paper 395.
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Bilila-Mtakataka Fault (1)
• The Bilila-Mtakataka
Fault can potentially
cause earthquakes of
magnitudes
exceeding 7.5.
• The fault could also
rupture in segments
(Nubian)
with
smaller
magnitudes but more
frequently.
• Results from recent
geological fieldwork
are used to define
possible earthquake
scenarios.
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Bilila-Mtakataka Fault (2)
• Seven possible
rupture scenarios
• Apply earthquake
source scaling
relationships.
• Generate
probabilistic
(Nubian)
scenario shake
maps using a
suitable ground
motion prediction
equation together
with spatial
correlation model.

Rupture case
Continuous
Ngodzi segment
Mtakataka
segment
Mua segment
Kasinje segment
Citsulo segment
Bilila segment

Scarp
length
(km)
128
21

Fault
length
(km)
113
19

13
21
22
13
38

Upper‐left corner

Strike
(º)

Lat. (º)

Lon. (º)

330
330

‐14.9427
‐14.2071

34.9168
34.4921

11

330

‐14.2965

34.5437

19
19
11
34

330
330
330
330

‐14.4408
‐14.5921
‐14.6815
‐14.9427

34.6271
34.7144
34.7660
34.9168

Width
(km)

Slip
(m)

Mw

48.6
14.6
10.6

2.67
0.20
0.10

7.8
6.2
5.7

14.6
15.0
10.6
21.6

0.20
0.22
0.10
0.47

6.2
6.2
5.7
6.7
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Building Surveys in Malawi
• 2008 census data
• Building surveys
• EA-level surveys
(quick and detailed)
• Key characteristics of
building stock in
Malawi – layout/size,
(Nubian)
material, wall
thickness, wall
confinement, etc.
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Seismic Fragility Using Finite Element Models

(Nubian)

• Open-Sees-based finite element models for conventional houses in Malawi
• Pushover analysis to derive seismic fragility
• Challenges: material properties, building types, and calibration against more
sophisticated tools and experimental data
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Hypothetical Case: BMF (1)
• Various regional
scenario hazard
and risk maps
can be produced
for risk
management
purposes.
• Probabilistic
(Nubian)
earthquake
scenarios can be
implemented.
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Hypothetical Case: BMF (2)
• Probabilistic risk
estimates of
affected
populations as well
as building
collapses can be
obtained.
(Nubian)
• Useful
for regional
seismic risk
management
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On-going & Future PREPARE Work
• The Geology team [Juliet, Ake, Luke, and Jack] is working on the collection of
more geological and geodetic information to obtain better constraints on the
location and geometry of active faults in Southern Malawi (BM Fault, Thyolo
Fault, Zomba Fault, etc.) and to estimate the relative movements of the faults.
• The Seismology team [Berhe and Michael] is working on the collection of
seismicity and fault data in East Africa. This will lead to updated seismic hazard
maps for East Africa.
• The Civil Engineering team [Panos, Viviana, John, Katsu, Adam, and George]
has conducted building surveys in Southern Malawi for seismic vulnerability
assessments and is conducting a series of structural testing at the Polytechnic
Structural Laboratory [Ignasio Ngoma and Innocent Kafodya] to obtain
information of structural material properties of local construction materials
(bricks and mortar). This information will be incorporated in numerical models of
houses to develop seismic vulnerability models.
• All improved models will be integrated in the seismic hazard and risk
assessment tools to produce probabilistic seismic hazard and risk maps.
Living with environmental uncertainty
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On-going & Future PREPARE Work

We are looking forward to producing results in collaboration with our partners.
We will discuss how we can achieve this on Day 5.
If you have ideas of collaboration, please do not wait till Day 5.
Let us start the discussions right away.
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