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Abstract
This paper presents an overview of the findings from a series of country-scale landslide risk
assessments conducted on behalf of the governments of five Sub-Saharan countries, the World
Bank and the Global Facility for Disaster Reduction and Recovery (GFDRR). Ethiopia, Kenya,
Uganda, Niger and Senegal sample a wide range of Sub-Saharan Africa’s different geographies
and are characterised by contrasting levels of development. Landslide hazard, exposure and
vulnerability therefore differ from country to country, resulting in significant spatial variation of
landslide risk. In East Africa; Ethiopia, Kenya and Uganda are characterised by mountainous
and seismically active terrain which results in a relatively high landslide hazard. In conjunction
with rapid urbanisation and a population which is expected to rise from around 170 million in
2010 to nearly 300 million in 2050, this means that landslides pose a significant risk to the built
environment. In West Africa, a combination of low landslide hazard and lower exposure in
Niger and Senegal results in comparatively low landslide risk. This paper also describes areas
with perceived misconceptions with regard to the levels of landslide risk. These are areas of only
low to moderate landslide hazard but where urbanisation has resulted in a concentration of
exposed buildings and infrastructure that are vulnerable to landslides, resulting in higher
landslide risk.
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Introduction

Sub-Saharan Africa is characterised by landscapes ranging
from high mountains to low relief floodplains; by rainfall
which can be desperately sparse or exceptionally intense;
and by cities, towns and villages which can be both over-
crowded and poorly planned or remote and isolated. The
impact of landslides on these diverse environments is
therefore highly variable.

In Uganda’s Bududa district, near the border with Kenya,
landslides have caused hundreds of fatalities and left many
thousands permanently displaced due to landslide damage
caused to the built environment (Kitutu 2010). In 2010 one
event killed over 350 people and initiated government calls
for the mass relocation of settlements away from the
mountainous slopes of Mount Elgon (Terra Daily 2010).
However, little subsequent action means that vulnerable
communities remain at great risk. In Ethiopia, the northern
highlands and many urban areas face a similar threat from
landslides. The rapid expansion of Dessie Town, has resul-
ted in unregulated or poorly planned development in areas of
high landslide risk. The construction of houses, roads,
bridges and utilities has in many cases been interpreted to
have contributed to occurrences of landslides in population
centers, indicating that landslide processes are often poorly
understood (Fubelli et al. 2013).

To better understand landslide risk and to inform the
provision of more detailed risk management initiatives, the
World Bank and the GFDRR is supporting the development
of new landslide risk information for Sub-Saharan Africa,
starting with five countries: Ethiopia, Kenya, Uganda, Niger
and Senegal. This study forms part of a wider initiative by
the GFDRR to characterise multi-hazard risk in Sub-Saharan
Africa.

Regional Landslide Risk Analysis

Regional landslide risk analysis aims to provide a better
understanding of the spatial distribution of the risk posed to
populations, structures, infrastructure and other assets, from
damage, destruction or death as a result of a landslide.
Corominas et al. (2014) summarize this process in five steps:
(1) Hazard identification, (2) Hazard assessment, (3) Expo-
sure identification, (4) Vulnerability assessment, and (5) Risk
estimation.

Hazard Identification

Landsliding in Ethiopia, Kenya and Uganda is widespread and
is interpreted to be influenced by topography (Ayalew and

Yamagishi 2004; Kitutu 2010), geology (Kitutu 2010),
anthropogenic causes (Ayelew et al. 2009; Broothaerts et al.
2012), hydrological processes (Abebe et al. 2010; Ayalew
1999; Beyene et al. 2012) and long term geomorphological
evolution (Ayalew and Yamagishi 2004; Vařilová et al. 2015).

In Ethiopia, Ayalew et al. (2009) report landslides
occurring preferentially in basaltic terrain and along the
boundary between basalt and limestone in the Blue Nile
Basin Region. Examples of major landsliding in Ethiopia
include the Gembechi Village Landslide (Bechet Valley,
1960), the Wudmen Landslide (1993) and the Uba Dema
Village Landslide (1994) (Ayalew 1999).

Maina-Gichaba et al. (2013) provide an overview of
landslide occurrences in Kenya, identifying a number of
important drivers in the generation of landslides, including
anthropogenic factors related to land tenure, including
unsustainable land use practices and particularly land frag-
mentation. Deforestation in the mountainous districts of
Kenya has also been linked to increased landscape sensi-
tivity. Ngecu and Ichang’I (1999) report on the impact of
landslides in the Aberdare Mountains in Kenya, where
between 1960 and 1980 around 40 major landslides occur-
red, mobilising approximately 1000,000 m3 of material in an
area of approximately 300 km2. Further reports of major
landslides in Kenya include the 1986 Mukurweini Land-
slide, the 1991 Gacharage Landslide, and the 1997 Maringa
Landslide.

Kitutu et al. (2011; building on earlier work by Knapen
et al. 2006) assessed farmers understanding and perception
of landslides in Bududa district, Eastern Uganda. Farmers
were able to provide their experiences, understanding and
observations, which highlighted that steep slopes, areas with
concavities and those with flowing groundwater were iden-
tified as being prone to landslides. Farmers also identified
that coarse, permeable soils are prone to landsliding,
responding rapidly to intense precipitation. In these
areas, terraces are not popular amongst farmers because
these are known to promote water infiltration and trigger
landslides.

The Rwenzori Mountains form one of the regions in
Uganda where landslides have made a significant impact
(NEMA 2007), with 48 landslides and flash-flood events
reported by Jacobs et al. (2015).

Reporting and analysis of landslides in Senegal is con-
centrated around the Dakar coastline. Fall et al. (2006a, b)
describe six landslide locations set within a short section of
cliffs which were analysed, enabling the determination of
landslide zones and the geomorphological development to
be interpreted. Wang et al. (2009) report a study of natural
hazards in the sub-urban areas of Dakar, covering approxi-
mately 580 km2, although the focus of the study is on
coastal erosion and flooding.
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To date, no studies have been identified which discuss
landslide hazard or risk in Niger.

For all five countries of this study, no suitable landslide
inventories were available for inclusion in the landslide
hazard assessment stage. Satellite imagery was used to verify
and inform interpretation of the landslide hazard.

Hazard Assessment

The hazard identification stage contributes to an interpreta-
tion of landslide susceptibility, which, when combined with
approximations of landslide triggers, enables the estimation
of landslide hazard.

Landslide susceptibility assessment is based on the pre-
mise that a range of parameters can be combined to obtain an
approximation of the conditions in the landscape that
determine the propensity of slopes to generate landslides. To
obtain a score for landslide susceptibility, the components of
each factor that contribute to landslide susceptibility are
analysed, re-classified and then mapped across the study
area. The relative contribution of an individual susceptibility
factor Snð Þ is regulated through multiplication with a weight
Wnð Þ. The ranked and weighted factors are then combined to
derive an expression of landslide susceptibility Lsð Þ:

Ls ¼ S1 �W1ð Þþ S2 �W2ð Þþ Sn �Wnð Þ
Due to the vast land-area and regional nature of this

study, the selection of individual susceptibility factors nee-
ded to consider both the applicability across a range of
different terrains and climates, and the availability of data for
each country of interest. There was therefore a focus on
primary geological and morphometric factors such as slope
angle, bedrock lithology, and soil type. The key suscepti-
bility factors were identified through review of relevant
smaller-scale studies in Sub-Saharan Africa (e.g. Temesgen
et al. 2001; Van Den Eeckhaut et al. 2009; Musinguzi and
Asiimwe 2014; Meten et al. 2015).

The effect of landslide triggers was accounted for by
applying a multiplier to the susceptibility score to give an
expression of landslide hazard. Two landslide triggers were
considered; rainfall and earthquakes. Ethiopia, Kenya,
Uganda, Niger and Senegal are all subject to rainfall-
triggered landslides. Ethiopia, Kenya and Uganda only are
subject to earthquake-triggered landslides due to their
proximity to the seismically-active East African Rift Valley.
The rainfall triggering factor was based upon a weighted
combination of long-term average rainfall and 100 year
extreme monthly rainfall (determined from the Global Pre-
cipitation Climatology Centre monthly time series data due

to the lack of available region-specific data). The earthquake
triggering factor was based upon a weighting factor applied
to the estimated peak ground acceleration with a 500 year
return period (PGA500). The use of threshold landslide
triggering values (of either PGA or rainfall intensity-
duration) was not possible at this scale of analysis due to
the lack of available landslide inventories and high resolu-
tion region-specific data.

The population of landslide hazard scores is partitioned as
a proportion of the maximum obtainable score to designate
hazard classes A–E (following the rationale of Mastrandrea
et al. 2010, where A: 0–10%, B: 10–33%, C: 33–66%, D:
66–90% and E: 90–100%).

Due to the lack of available complete landslide inventories it
was not possible to use the probability of certain trigger events
to estimate the frequency of occurrence of landslides of dif-
ferent sizes. In the absence of landslide inventories, an
approximation of the probability of landslide occurrence was
obtained using an approach similar to that used by Nadim et al.
(2006, 2013). This approach uses the score of landslide hazard
as an indicator/proxy for approximate annual frequency of a
landslide event. This is based on expert interpretation of the
likelihood of occurrence in cases where sufficient event data
exists (Nadim et al. 2006, 2013).

To determine the annual frequencies of different sized
landslides, published relationships between landslide size
and landslide frequency are used. Van Den Eeckhaut et al.
(2007) compiled and reviewed 27 landslide area/volume—
frequency studies describing landslide frequency from
regions around the world and found that the annual fre-
quency of landslides versus landslide size within a region
could be modelled using a negative power-law with slope b.
The average value of this expression was found to give
b = 2.3. It should be noted that in many areas, the annual
frequency of landslides will deviate from this relationship
based on local factors which cannot be captured by this
analysis. However, at sub-continental scale, this methodol-
ogy provides a systematic approach for estimating landslide
size-frequency relationships and hence facilitating regional
estimates of landslide risk.

A landslide is defined as a combination of the landslide
source area and the landslide debris area. The mechanism or
rate by which material moves from the source area to the
debris area is not considered.

Landslide runout analysis is not typically completed for
landslide hazard studies at regional or country scale because
the resolution of the input data for such studies is usually too
coarse to interpret flow paths (Horton et al. 2008; Corominas
et al. 2014). This study estimates the probability that a given
exposed asset will be affected by a landslide of a given size
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based on the ratio of the sum of the landslide area and the
asset footprint area to the grid square area.

Figure 1 presents an example of the landslide hazard
maps produced at a spatial resolution of approximately
0.25 km2.

Exposure Identification

The inventory of elements at risk (or ‘exposure’) for this
study was provided by a consortium comprising ImageCat
Inc., CIESIN, University of Colorado and SecondMuse
under a related project administered by the GFDRR. Expo-
sure information was provided for the built environment,
population and GDP. The built environment dataset com-
prised information on the location and structural attributes of
buildings, the location of road networks and the location of
rail networks. Also provided was the approximate rebuild

cost associated with structures and infrastructures of differ-
ent typologies.

Vulnerability Assessment

The physical vulnerability of structures and infrastructure
describes the probable response to being affected by a
landslide of a given size. The ability of a structure to resist
damage therefore controls not just the economic losses
which result from having to rebuild or repair it, but the
vulnerability of the persons within it. For site specific
landslide risk assessment the concept of physical vulnera-
bility can be greatly expanded upon to consider the influence
of landslide mechanism, debris type, building typology and
the position of the exposed building relative to the landslide
(e.g. Mavrouli et al. 2014). Region and country-scale studies
such as described in this paper are better suited to

Fig. 1 Rainfall-triggered landslide hazard assessment for Uganda
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methodologies which incorporate broad categories of struc-
ture typology (e.g. Du et al. 2013).

This study uses fragility functions, which estimate the
probability that a certain damage state will occur as a result
of a structure being affected by a landslide of a certain size.
In addition, loss ratios are applied. These define what pro-
portion of the rebuild value of a given structure is lost as a
result of incurring a particular level of damage.

Risk Estimation—Results Overview

Risk is expressed as the product of the probability of hazard
occurrence (e.g. a damaging landslide event) and its adverse
consequences (Lee and Jones 2004).

In each of Ethiopia, Kenya and Uganda, landslides
are estimated to cause approximately $6 M–$8 M (M =
Million) worth of damage to the general building stock each
year. For Niger and Senegal, average annualized losses
(AAL) are estimated to be significantly less, with estimates
in the region of $1 M (Table 1).

AAL resulting from landslide damage to roads and rail-
ways is significantly less than AAL resulting from landslide
damage to the general building stock. In Ethiopia, Kenya
and Uganda, estimates are less than $0.5 M, with signifi-
cantly lower figures estimated for Niger and Senegal
(Table 2).

Results are calculated based on a 0.25 km2 grid and
aggregated to Administrative Level 1 boundaries to allow
clearer communication to key stakeholders and other inten-
ded end-users of the risk metrics. Figure 2 shows an
example of the 0.25 km2 resolution risk outputs for Uganda.
Figure 3 presents the aggregated Administrative Level 1
landslide risk estimates for Ethiopia, Kenya, Uganda, Niger

and Senegal (in terms of AAL in million USD). Note that the
AAL estimates shown on Fig. 3 are in terms of absolute
estimated annual losses to the built environment and are not
shown normalized over the exposed value per administrative
region. For this reason, Uganda, with its 112 Administrative
Regions, shows lower AAL per region than, for example
Kenya (which only has 8 official Administration Level 1
sub-divisions) despite similar nationwide estimated annual
losses (Tables 1 and 2).

Discussion

The difference in landslide risk estimates between the East
African countries and those in the central and western parts
of Sub-Saharan Africa is interpreted to be the combined
result of both increased landslide hazard in East Africa, and
lower total-value of exposed assets in the West African
countries of Niger and Senegal.

The relatively low AAL for transport infrastructure is
possibly the result of a combination of two factors. Firstly,
railway networks in Sub-Saharan Africa are generally not
widely developed (and thus the total exposure is very low)
and railways are constructed using low gradients, avoiding
areas of steep topography (and hence typically avoiding
areas of the highest landslide hazard).

Secondly, the majority of road networks in Sub-Saharan
Africa are unpaved, with a typical relatively low replacement
cost of $9600/km (as estimated by ImageCat Inc., CIESIN,
University of Colorado and SecondMuse). Roads are there-
fore comparatively cheap to repair in contrast to buildings.

Landslide risk is estimated on the basis of information on
landslide hazard, exposure and vulnerability. This study
indicates that exposure and vulnerability are particularly

Table 1 Estimated AAL to the
general building stock from
landslide-induced damage

Country Exposure ($M) AAL ($M) AAL (% of exposure)

Ethiopia 311,834 6.115 0.00196

Kenya 537,546 8.280 0.00154

Uganda 563,621 8.915 0.00158

Niger 180,589 0.934 0.00052

Senegal 237,243 0.863 0.00036

Table 2 Estimated AAL to the
roads and railways from
landslide-induced damage

Country Exposure ($M) AAL ($M) AAL (% of exposure)

Ethiopia 8044 0.302 0.00375

Kenya 7510 0.149 0.00197

Uganda 6687 0.110 0.00162

Niger 3026 0.019 0.00059

Senegal 4138 0.029 0.00065
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strong components of landslide risk in Sub-Saharan Africa.
Landslide hazard, although high in some regions is not
always coincident with locations of high exposure. As a
result, landslide risk is not always high in areas of high
landslide hazard. Similarly, in areas of low landslide hazard,
high exposure often results in high landslide risk. For
example, the area surrounding Kampala, the capital city of
Uganda, is characterised by areas predominantly classified as
landslide hazard class B, with some areas of hazard class C.
This indicates that this urban environment is not strongly
exposed to landslides (nor is it colloquially associated with
landslide hazards). However, the consequences should a
landslide occur are substantial due to the concentration and
value of buildings and roads. By comparison, the foot-slopes

of Mount Elgon carry a much greater landslide hazard,
however the exposed quantity and rebuild value of the built
environment in this area is significantly lower (than in
Kampala), resulting in comparable levels of landslide risk
and AAL. Kampala and the Mount Elgon region are high-
lighted on Figs. 1 and 2.

Conclusions
Widely available global datasets were used in conjunction
with project-specific regional scale exposure assessments
and expert elicitation, to derive estimated landslide haz-
ard and risk assessments for the identification of regional
variations in landslide interactions with the built envi-
ronment in Sub-Saharan Africa.

Fig. 2 Landslide risk to the built environment (general building stock, roads and railways) in Uganda
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Landslides pose a significant threat to the built envi-
ronment in the eastern parts of Sub-Saharan Africa due to
a combination of high landslide hazard and high vul-
nerability of exposed assets. Exposure and vulnerability,
not hazard however are interpreted to be the key drivers
of risk in the Sub-Saharan region of Africa, as illustrated
by comparable estimates of expected annual losses to the
built environment for low landslide hazard areas in
Kampala and for high landslide hazard areas on the foot
slopes of Mount Elgon. In Niger and Senegal, landslides
pose a less significant threat to the built environment,
with estimates of expected annual losses of <$1 M.
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