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Abstract 

Landslides are complex natural hazards resulting from interactions among geological, geomorphological, hydrological, climatic 

and anthropogenic processes. In Sierra Leone, these risks are intensified by rapid urbanisation, environmental degradation, 

inadequate land-use planning and limited institutional capacity. The 14 August 2017 Regent landslide in the Freetown Peninsula 

demonstrated the severe consequences of rainfall triggered slope failure interacting with flooding, infrastructure vulnerability 

and human exposure. This study examines how landslide science, public policy and practical risk reduction measures can be 

integrated to promote safer and more resilient communities in Sierra Leone. It specifically considers the physical and human 

drivers of landslide risk, the contribution of inventories, susceptibility mapping, remote sensing, geospatial analysis and rainfall 

information, and the translation of scientific knowledge into planning, governance and community action. The paper adopts an 

integrated hazard-exposure-vulnerability-capacity framework and uses the Sierra Leone experience, particularly the Freetown 

Peninsula, as a case study. It synthesizes evidence from landslide inventories, susceptibility assessments, remote sensing studies, 

climate risk assessments, disaster risk policies and institutional developments. The analysis considers interactions among rainfall, 

terrain, land-use change, urbanisation, exposure, vulnerability and institutional capacity. The analysis shows that landslide risk 

in Sierra Leone is produced by the interaction of physical susceptibility and accumulated social vulnerability. The 2017 Regent 

event illustrates the importance of considering cascading processes, including landslide material, drainage networks, flood 

pathways and downstream exposure. Although scientific research, geospatial technologies and national disaster risk institutions 

are doing their utmost, gaps remain in risk communication, data management, community inclusion, infrastructure resilience and 

coordination between policy and implementation. Effective landslide risk reduction requires a shift from reactive disaster 

response towards integrated, anticipatory and community-centered resilience. Connecting geoscience, remote sensing, 

engineering, climate science, spatial planning, ecosystem management, governance and community knowledge can help ensure 

that scientific evidence directly informs development and risk reduction decisions. 
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1. Background and Rationale 

Landslides are among the most complex and locally de-

structive natural hazards, emerging from the interaction of ge-

ological, geomorphological, hydrological, climatic and an-

thropogenic processes. Their consequences are amplified 

where rapid urbanisation, environmental degradation, inade-

quate land-use planning, infrastructure deficits and limited in-

stitutional capacity converge with increasingly variable and 

intense rainfall. Contemporary landslide risk management 

therefore requires a transition from predominantly reactive 

disaster response towards integrated proactive approaches that 

connect hazard science, vulnerability assessment, spatial plan-

ning, governance, early warning, engineering, ecosystem 

management and community action [2, 16]. 

Sierra Leone provides a compelling case through which to 

examine this transition. The country is exposed to multiple in-

teracting climate and environmental hazards, while Freetown 

and other rapidly expanding settlements increasingly occupy 

environmentally sensitive terrain. The Freetown Peninsula is 

particularly susceptible because of its steep mountainous to-

pography, deeply weathered geological materials, intense sea-

sonal rainfall and highly dynamic urban environment. The cat-

astrophic 14th August 2017 Regent landslide demonstrated the 

consequences of this hazard exposure interaction at an excep-

tional scale. Approximately 300,000 m3 of material mass col-

lapsed from the hillslope and subsequently interacted with 

floodwater, producing a sediment laden flow that travelled ap-

proximately 6 km towards the coast. The event destroyed 

nearly 400 buildings, affected approximately 5,000 people 

and caused an estimated 1,100 fatalities [12]. 

Importantly, the 2017 disaster was not an isolated geomor-

phological anomaly. Geomorphological investigations have 

identified evidence of numerous prehistoric and historical 

landslides across the Freetown Peninsula, demonstrating that 

the landscape possesses a persistent landslide susceptibility 

that predates contemporary urban development [12]. The cen-

tral challenge, therefore, is not merely determining where 

landslides occur, but understanding why risk becomes concen-

trated in specific places and how scientific knowledge can be 

converted into practical decisions that reduce exposure and 

vulnerability. 

This paper argues that Sierra Leone's landslide challenge 

should be understood through an integrated hazard-exposure-

vulnerability-capacity framework. Such an approach recog-

nises that a landslide becomes a disaster not simply because a 

slope fails, but because people, buildings, infrastructure, live-

lihoods and critical services are exposed to hazard processes 

within contexts of varying vulnerability and preparedness. 

1.1. Aim and Objectives 

The overarching aim of this study is to examine how land-

slide science, public policy and practical risk reduction 

measures can be integrated to build safer and more resilient 

communities in Sierra Leone. 

Specifically, the study seeks to: 

1) examine the principal physical and human drivers of 

landslide risk in Sierra Leone, with particular emphasis 

on the Freetown Peninsula. 

2) assess the contribution of landslide inventories, suscep-

tibility mapping, remote sensing, geospatial analysis and 

rainfall information to landslide risk understanding. 

3) examine the extent to which scientific knowledge is 

translated into land-use planning, disaster risk reduction, 

infrastructure management and climate change adapta-

tion. 

4) explore the role of institutions and communities in con-

verting hazard information into proactive preventive ac-

tions. 

5) propose an integrated framework for moving from land-

slide prediction and post-disaster response towards an-

ticipatory, risk informed and community centered resili-

ence. 

1.2. Conceptual Framework 

The study adopts the proposition that landslide risk is pro-

duced through the interaction of hazard, exposure, vulnerabil-

ity and coping / adaptive capacity. In short, 

Landslide Risk = Hazard × Exposure × Vulnerability, con-

ditioned by Capacity and Resilience. 

This framing is consistent with contemporary disaster risk 

thinking, particularly the Sendai Framework for Disaster Risk 

Reduction, which places understanding disaster risk at the 

center of prevention and resilience building [16]. It also re-

flects the broader climate change risk perspective in which 

hazards interact with exposure and vulnerability to produce 

impacts [5]. 

Within this framework, landslide hazard refers to the prob-

ability and characteristics of slope failure, including its mag-

nitude, frequency, spatial distribution and potential run-out. 

Exposure concerns the people, settlements, infrastructure, 

economic assets and ecosystems located within potentially af-

fected areas. Vulnerability encompasses the physical, social, 

economic, environmental and institutional conditions that de-

termine the severity of impacts. Capacity, meanwhile, in-

cludes the ability of communities, institutions and infrastruc-

ture systems to anticipate, withstand, respond to and recover 

from landslide events. 

This distinction is particularly important for Sierra Leone. 

A technically sophisticated susceptibility map has limited 

value if it does not influence where people build houses, where 

roads are constructed, how drainage is designed, how forests 

are managed, or when communities receive warnings. Conse-
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quently, the paper conceptualises resilience not as a purely en-

gineering outcome, but as the product of knowledge, institu-

tions, infrastructure, ecosystems, governance and community 

agency working together. 

2. The Sierra Leone Experience: From 

Hazard to Disaster Risk 

The Freetown Peninsula illustrates the interaction between 

natural processes and rapidly changing human systems and 

settlements. Steep slopes and valleys provide physical condi-

tions for rainfall triggered landslides, while intense seasonal 

rainfall can increase soil moisture, soil pore-space water pres-

sure and slope instability. At the same time, population growth, 

settlement expansion, change in landcover and development 

pressure has increased exposure and modified steep slopes, 

drainage conditions and coastal low-lying planes. 

The 2017 Regent event provides a particularly important 

scientific and policy lesson. Redshaw et al. [12] characterised 

the failure as a two-stage rainfall triggered landslide followed 

by a channelised debris-laden flood. The event demonstrated 

how slope failure can rapidly evolve into a cascading hazard, 

whereby landslide material interacts with surface water and 

drainage systems to extend impacts well beyond the initial 

failure zone. 

This cascading dimension has major implications for risk 

assessment. Conventional slope stability assessments that fo-

cus exclusively on the initiation point may underestimate 

downstream consequences. For Freetown and comparable 

rapidly urbanising cities, landslide risk assessments therefore 

need to incorporate source areas, flow paths, drainage net-

works, valley floor exposure and downstream infrastructure 

within a whole catchment perspective. 

Recent research also demonstrates the potential for geospa-

tial and remote sensing techniques to strengthen landslide sus-

ceptibility assessment in Sierra Leone. Studies using archived 

inventories and satellite based Small Baseline Subset Interfer-

ometric Synthetic Aperture Radar (SBAS-InSAR) approaches 

have explored the predictive capacity of landslide inventories 

for susceptibility modelling in Freetown, Western Area, 

demonstrating the value of integrating historical records with 

remotely sensed deformation information [9]. Other research 

has compared susceptibility mapping approaches for the Free-

town Peninsula and emphasised the importance of identifying 

conditioning and triggering factors as a foundation for disaster 

risk management [13]. 

These developments provide an important opportunity to 

leverage on. Sierra Leone can increasingly move towards data 

driven, spatially explicit and anticipatory landslide risk man-

agement. However, the scientific challenge is closely matched 

by an institutional challenge, ensuring that scientific infor-

mation becomes accessible, trusted and actionable for policy-

makers, planners, engineers, emergency managers and local 

communities. 

2.1. Climate Change, Urbanisation and the 

Changing Risk Landscape 

Climate change adds another dimension and layer to the 

landslide risk problem. Sierra Leone's National Adaptation 

Plan recognises increasing vulnerability associated with 

changing rainfall patterns, flooding, mudslides and other cli-

mate-related hazards, while emphasising the importance of 

strengthening adaptive capacity and integrating adaptation 

into national and sectoral planning [4, 15]. More recent cli-

mate policy assessments similarly identify increasingly erratic 

rainfall and intensified precipitation events as important cli-

mate risks for Sierra Leone and emphasise the need for more 

forward thinking and rigorous disaster risk assessments [8]. 

The relationship between climate change and landslide oc-

currence should therefore be interpreted with caution rather 

than reduced to the simplistic assumption that climate change 

directly causes landslides. Instead, changes in the frequency, 

intensity, duration and seasonality of rainfall may alter land-

slide triggering conditions by interacting with pre-existing ge-

ological, geomorphological and hydrological characteristics 

that determine slope susceptibility [5, 6, 17]. These climatic 

influences may be further amplified by land-use and land-

cover change, altered drainage conditions and increasing hu-

man exposure on unstable slopes. Consequently, climate 

change is better understood as a potential modifier of landslide 

hazard within a coupled environmental and socio-economic 

system, rather than as an independent cause of slope failure. 

Recognising this distinction is essential for robust scientific 

attribution, credible risk communication and the design of ef-

fective climate adaptation and landslide risk reduction strate-

gies [1, 6, 10]. 

Urbanisation can further amplify these interactions. Where 

settlements expand into steep terrain without adequate ge-

otechnical assessment, drainage, slope management and en-

forcement of land-use controls, exposure increases even if the 

underlying physical hazard remains unchanged. Thus, urban 

growth is not inherently a disaster risk driver; poorly risk in-

formed urban growth is. For Sierra Leone, this creates an ur-

gent planning question: can future urban development be di-

rected towards safer locations while simultaneously upgrading 

existing high-risk settlements? The answer requires stronger 

integration between policy decisions, geoscience, urban plan-

ning, environmental management and disaster risk govern-

ance. 

2.2. From Policy to Practice 

Sierra Leone has made important institutional progress in 

disaster risk governance. The National Disaster Management 

Agency Act, 2020 established the National Disaster Manage-

ment Agency (NDMA) and provides a statutory foundation 

for national disaster management and community capacity de-

velopment. The NDMA's current mandate encompasses dis-
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aster prevention, disaster risk reduction, climate risk manage-

ment, information management, preparedness, response and 

early warning. The country's disaster risk management policy 

architecture also explicitly recognises the importance of pre-

vention, mitigation, decentralisation, community participation, 

data and information management, and the integration of cli-

mate change considerations into disaster risk management [3, 

4, 11]. 

Nevertheless, an important implementation gap remains be-

tween policy intent and risk-informed practice. Recent re-

search in Freetown indicates that although disaster risk man-

agement and climate change adaptation policies exist, their ef-

fectiveness is constrained by issues including community in-

clusion, capacity, financial mechanisms, data management, 

risk communication and resilient infrastructure [14]. Similarly, 

recent assessments identify fragmented, incomplete and out-

dated vulnerability information as a significant obstacle to 

mainstreaming climate and disaster risk into development de-

cisions. The institutional fragmentation of responsibilities 

across land-use planning, infrastructure, environmental man-

agement and disaster risk management further complicates 

preventive action [7]. The implication is profound. The next 

frontier of landslide risk reduction in Sierra Leone will not 

simply be generating more scientific information but improv-

ing on the interface between knowledge and decision-making. 

2.3. An Integrated Landslide Resilience 

Framework 

Drawing upon the Sierra Leone experience, this paper pro-

poses a five-pillar Integrated Landslide Resilience Framework 

as indicated in Figure 1. 

 
Figure 1. Five-pillar Integrated Landslide Resilience Framework. 
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2.4. Discussion: From Prediction to Prevention 

This paper asserts that landslide resilience should be meas-

ured by the capacity to prevent disasters through proactive risk 

reduction, rather than merely by the effectiveness of post-fail-

ure response. The Sierra Leone experience demonstrates that 

high impact landslides occur at the intersection of physical 

susceptibility and accumulated social vulnerability. Conse-

quently, engineering interventions alone will not eliminate 

risk. Nor will hazard maps, early warning systems or policy 

documents achieve their intended outcomes in isolation. A re-

silient landslide risk management system should instead func-

tion as a continuous knowledge-to-action cycle as depicted in 

Figure 2. 

 
Figure 2. Continuous knowledge-to-action cycle. 

Such a cycle creates a bridge between research and imple-

mentation. It also provides a mechanism through which les-

sons from previous disasters can improve future policy and 

planning. 

This approach is consistent with international disaster risk 

priorities under the Sendai Framework, particularly the em-

phasis on understanding disaster risk, strengthening disaster 

risk governance, investing in resilience and enhancing disaster 

preparedness for effective response and recovery [16]. It is 

also aligned with contemporary climate adaptation approaches 

that place locally grounded, inclusive, and forward-looking 

risk management at the heart of sustainable resilience building 

[5]. 

2.5. International Significance and 

Transferability 

Although the case study is Sierra Leone, the lessons have 

wider relevance for rapidly urbanising cities across West Af-

rica, sub-Saharan Africa and other tropical mountainous re-

gions. Many cities face the same combination of intense rain-

fall, steep terrain, rapid population growth, informal develop-

ment, limited geotechnical data, environmental degradation 

and constrained institutional resources. 

The Sierra Leone experience therefore provides an oppor-

tunity to demonstrate that effective landslide risk reduction 

does not necessarily depend on highly sophisticated technolo-

gies alone. Rather, resilience can emerge from combining ap-

propriate technology with strong institutions, accessible sci-

entific information, participatory governance and risk sensi-

tive development planning with the local communities being 

at the gamut of these initiatives. 

This paper consequently advances a practical proposition 

for the international landslide community: the most valuable 

landslide science is science that changes decisions. A suscep-

tibility map that informs a zoning decision, a rainfall threshold 

that triggers an evacuation, a community observation that im-

proves an early warning system, or a geotechnical assessment 

that prevents unsafe development may have greater risk reduc-

tion value than a technically sophisticated analysis that never 

reaches policymakers. 

3. Conclusion 

Sierra Leone's experience demonstrates that landslide risk 

is simultaneously a scientific, environmental, engineering, so-

cial and governance challenge. The 2017 Regent disaster ex-

posed the devastating consequences of rainfall triggered slope 

failure interacting with downstream flooding, settlement ex-

posure and infrastructure vulnerability. Subsequent scientific 

research has strengthened understanding of the Freetown Pen-

insula's susceptibility, while national institutions and policies 

have created an increasingly important foundation for disaster 

risk reduction. 

The remaining challenge and nuance are to close the gap 

between knowing risk and acting on risk. This paper therefore 

calls for a transition to change the narrative from fragmented 

hazard management towards an integrated landslide resilience 

paradigm in which geoscience, remote sensing, geotechnical 

engineering, climate science, spatial planning, ecosystem 

management, public policy and community knowledge are 

systematically connected. 

For Sierra Leone, the strategic objective should not simply 

be to predict the next landslide. It should be to create the in-

stitutional, scientific and social capacity to ensure that when a 

dangerous slope is identified, the right people know, the right 

authorities act, development decisions reflect the evidence, 

and communities possess the capacity to protect themselves. 

The Sierra Leone experience thus offers an internationally 

relevant lesson that, resilient communities are built when 

landslide science moves beyond diagnosis and becomes em-

bedded in everyday decisions about where and how societies 

live, build, plan and invest. 
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