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Abstract: The paucity of a comprehensive document on Cameroon’s hazard /disaster risk profile is a
limitation to the country wide risk assessment and adequate disaster resilience. This article narrows
this gap by retrospectively exploring Cameroon’s hazard /disaster profile. This has been achieved
through an investigative approach that applies a set of qualitative methods to derive and articulate
an inventory and analysis of hazards/disasters in Cameroon. The findings indicate that Cameroon
has a wide array and high incidence/frequency of hazards that have had devastating consequences.
The hazards have been structured along four profiles: a classification of all hazard types plaguing
Cameroon into natural, potentially socio-natural, technological, and social and anthropogenic hazards;
occurrence/origin of the hazards; their impacts/effects to the “at risk’” communities/populace and
potential disaster management or mitigation measures. In-depth analysis indicate that natural
hazards have the lowest frequency but the potential to cause the highest fatalities in a single incident;
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potentially socio-natural hazards affect the largest number of people and the widest geographical
areas, technological hazards have the highest frequency of occurrence; while social /anthropogenic
hazards are the newest in the country but have caused the highest population displacement. Arguably,
the multi-hazard/disaster inventory presented in this article serves as a vital preliminary step to a
more comprehensive profile of Cameroon’s disaster risk profile.

Keywords: disaster risk profile; multi-hazard inventories; Cameroon; disaster management; disaster
risk reduction; natural hazards; potentially socio-natural hazards; technological hazards; social and
anthropogenic hazards

1. Introduction

Disaster risks matter because around 1.23 million people were killed by disasters
worldwide between 2000 and 2019 [1] and it has been estimated that global annual loss

from disasters shall increase to around US $415 billion by 2030 [2]. That is why regular risk
assessment and /or appraisal of country disaster risk profiles (DRP) is relevant to shed light
on contemporary risks (hazards, vulnerabilities, exposure, capacity) that require disaster
risk reduction (DRR) interventions.

DRR aims at preventing new risks, reducing existing disaster risks, and managing
residual risks, all of which contribute to strengthening resilience and therefore aims to
the achievement of sustainable development [3]. Constantly evolving knowledge of DRR
requires regular update of disaster risks so that continuously, new insights can be gained in
techniques for DRR analysis and reductions in disaster costs, which can be achieved when
disaster risks are understood and managed effectively [4].

Despite rapid advances in contemporary disaster management (DM) knowledge and
practices worldwide, DRR remain suboptimal in many countries around the world [5].
This is evidenced by decades of research that has demonstrated that disaster risk hit the
poorest nations hardest and those most affected are the poorest and most marginalised
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people [6]. For instance, the DRP of developing countries shows that the vast majority of
African countries are riskier than the rest of the world [2].

Consequently, developing countries have been urged to make hazard/disaster miti-
gation a key element of their governance programmes [7]. But this can only be achieved
through carrying out a country wide risk assessment, which requires knowledge of a
country’s risk profile. This helps in assessing, identifying, and understanding disaster risk,
which is critical for DM interventions. Indeed, carrying out a multi-hazard risk assessment
is the initial step in preparing a DRR or disaster resilience country strategy [2,6].

Cameroon has a diverse DRP and has reinvigorated efforts to address its diverse and
growing disaster risks [8]. Nevertheless, disaster risks continue to increase in the country
partly due to inherent resistance in contemporary DM frameworks to effectively implement
DRR measures [9]. This is arguably due to limited comprehension/knowledge and profiling
of disaster risks in the country, which are invaluable to prioritise DRR interventions.

It is against this backdrop that this research seeks to appraise the hazard component
of Cameroon’s DRP. To realise this endeavour, three key goals are pursued: (1) To diagnose
the main hazards plaguing Cameroon; (2) Classify them into appropriate hazard groups;
(3) briefly discuss their occurrence/origin, and impacts/consequences and (4) briefly
suggest appropriate DRR measures.

A key mission of this investigation is to compile a concise inventory of the main
hazards/disasters plaguing Cameroon. The intention is to highlight those posing the
greatest risks that may require strategic focus. This endeavour illustrates the value of a
multi hazards/level approach and record keeping relevant to inform Cameroon’s DRP.
This article contributes to knowledge in the field as one of the first to provide a concise
inventory and account of the main hazards/disasters plaguing Cameroon. While providing
insights into Cameroon’s hazard risk profile, this endeavour also sets the baseline for
research wishing to investigate more nuanced issues of hazard/disaster causality and
impact. Operationally, the multi-hazard inventory/appraisal also serves as the basis for
reviewing Cameroon’s DRR and response measures.

2. Overview of Cameroon’s Risk Profile

Cameroon is a bi-lingual (Two of Cameroon’s regions (North West and South West)
are English speaking (Anglophone), while the rest of the country is French speaking
(Francophone).) lower-middle-income country found in equatorial Central Africa with a
population of around 28.5 million (July 2021 estimate) (The CIA’s world factbook estimated
Cameroon’s population to be 28,524,175 in July 2021.).Bordered by the Atlantic Ocean in the
Southwest, Cameroon shares its border with the Central African Republic, Chad, Republic
of Congo, Gabon, Equatorial Guinea, and Nigeria (Figure 1).

Due to its geology, geography (climate, relief, topography etc.) and location, Cameroon
is exposed to high incidents of diverse hazards (Figure 2). Many studies have addressed
Cameroon’s hazards/disasters, albeit superficially, revealing a diverse risk profile inclusive
of geological hazards—volcanic eruptions, gaseous emissions, earthquakes etc., hydrom-
eteorological hazards—floods, storms, mudflows/landslides etc., and biological /health
hazards—pandemics, epidemics, cholera, malaria etc. [10-15]. Cameroons’ economic and
population growth has also given rise to technological hazards, and social/intentional haz-
ards while regular civil strife/unrest in the Anglophone regions are rooted in the country’s
colonial and political history [16]. Indeed, social, economic, health, environmental, cultural,
and demographic factors make Cameroonians highly vulnerable to disaster risks [17,18].
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Concerns regarding the increasingly interconnected, complex, and cascading nature
of different hazards, including their potential consequences on human, financial, natural,
social, and physical capital [20] are relevant to Cameroon’s DRP. This is substantiated
by empirical evidence from several studies underlining the growing disaster risks in the
country, and the inability of the disaster risk management system to effectively mitigate and
respond to the residual and emerging risks [8,9,18,19,21-26]. The implication is that these
hazards are easily transformed into disasters and complex emergencies, leading to fatalities,
destruction of property, population displacement and damages to the predominantly
agrarian livelihood of the vulnerable and poor populations [9,21,23,27].

3. Understanding the Applicable Concepts

The relevant concepts discussed in this section are disaster risks, profiling disaster
risks, the relevance of profiling disaster risks and hazards.

3.1. Disaster Risk

The 2015 UN DRR Global Assessment Report considers disaster risk as the likelihood
of loss or damage, destruction, injury, or fatalities resulting from a disaster in a given period
of time. The UNISDR defines disaster risk as “the potential loss of life, injury, or destroyed
or damaged assets which could occur to a system, society or a community in a specific period of
time, determined probabilistically as a function of hazard, exposure, vulnerability and capacity” [28]
(p- 14). The definition of disaster risks in this article aligns with that of the UNISDR. The
central components of disaster risk (hazard, exposure, vulnerability, and capacity) in the
definition are relevant for profiling risk.

3.2. Profiling Disaster Risk

Conceptualising risk profiles is ambiguous and subject to various interpretation by
different organizations and disciplines based on the context and/or specific objectives of
such profiles. Some conceptualisations of disaster risks detail multiple elements or hazards
or factors, while others focus on just one aspect or type of hazard. This can be applicable
to single and/or multiple levels (local, regional and/or national). DRPs provide “visual
information and data on the hazards, exposure, and risks for multiple hazards in each country” [29]
(p- 1); information on likely losses/damages/casualties in future disasters; guide the
deployment of infrastructure to reduce new/contemporary risk; inform risk reduction
strategies/planning; and guide disaster risk financing activities, amongst others [30].

Whilst a simple risk profiles includes a snapshot of hazard scenarios, their likeli-
hood of occurrence and probable losses, a more comprehensive one would include the
impacts/effects of risks, various levels and/or categorisation of risks, linkages between
different risks, prioritisation of risks, key risk areas/regions and risk reduction measures
etc. The risk profile analysed in this article refers principally to knowledge of the prevailing
hazards/disasters in Cameroon, their occurrence/origin, impact/effects, and potential
mitigation measures. The other risk components (vulnerability, exposure, and capacity) are
beyond the scope of this article.

3.3. Relevance of Disaster Risk Profiling

The importance of disaster risk profiling has been articulated by the UN and other in-
ternational organisations. Priority one of the Sendai Framework for DRR (SFDRR) stresses
the need to understand disaster risks through identifying and assessing exposure to all
hazards and vulnerabilities [31]. A UN report in 2020 provided the basis for countries
worldwide to review and reinforce their DRR policies, including an evaluation of national
capacities, including loses and damages incurred from hazardous incidents [32]. Recently,
as part of the programme “Building Disaster Resilience to Natural Hazards in Sub-Saharan
African Regions, countries and communities”, the UN has urged countries to adopt a holistic
approach to disaster resilience based on correct risk information and improved decision
support systems [33]. Funded by the European Union, the programme provides an analyti-
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cal basis for a comprehensive DRR framework in Sub Saharan Africa. For this programme
to succeed, countries (including Cameroon) have been urged to prepare their DRPs for
natural hazards [34]. This article goes a step further by conducting a multi-hazard profiling
in Cameroon.

The need to inculcate disaster risk profiling into local, regional, and national DRR
measures has become imperative since the reach of disaster impacts is changing at all
levels. For instance, the changing disaster profile could add further pressure on the DM
frameworks in terms of personnel and the capability to effectively mitigate, prepare for
and respond to the various hazards [35]. Furthermore, there is increasing mobility of
people within and across countries that brings new compound health risks as shown by
the COVID-19 pandemic [36].

3.4. Hazards

In this article, a hazard is conceptualised as “A process, phenomenon or human
activity that may cause loss of life, injury or other health impacts, property damage, social
and economic disruption or environmental degradation” [28] (p. 18). Hazards can be
dynamic, single, multiple, have a return period over human time scale, sequential or
combined in their origin and their potential impacts vary considerably. They can be
referred to as rapid-onset hazards when they occur suddenly, for instance, earthquakes
and volcanic eruptions. When they occur over time like environmental hazards such as
drought and desertification, they are called slow-onset hazards [28,37,38]. Based on their
mode of occurrence or origin, hazards have been classified in many ways with lack of
consistency—see for instance, [28,32,33,39-43].

While natural hazards are mainly caused by natural processes and phenomena, socio-
natural hazards are associated with a combination of anthropogenic activities and natural
factors like environmental degradation and climate change. Technological hazards have
their roots from technological or industrial processes/conditions while human-induced
(anthropogenic) hazards result entirely from human activities and decision [28,44].

Cameroon’s hazard profiling analysed in this article has adopted a simplistic approach
where the hazards have been classified based on their origin, mode of occurrence or physical
mechanisms into natural, potentially socio-natural, technological, and social /anthropogenic
hazards [44]. Therefore, this research inventory focuses on the various hazard types in
Cameroon albeit there is a strong relationship between the different hazards and their
causation.

The importance of Cameroon’s multi-hazard profiling analysed in this article cannot
be overemphasised. It provides insights into the characteristics and physical processes
of the different hazards, enabling disaster managers/decision makers to identify and
rank hazards requiring the most attention. Indeed one of the first and most important
aspect of preparing a country DRR or mitigation plan is to understand the prevailing
hazards/disasters in that country [45].

4. Methodology

This article adopts an investigative, explanatory, and descriptive approach that applies
a set of qualitative methods [46] to derive and articulate an inventory of hazards and
disasters in Cameroon. Data was generated from primary and secondary sources involving
the search for documentary evidence profiling Cameroon’s hazards and disasters.

The research drew heavily on a range of historical and contemporary documents,
plans, manifestos, policies, circulars, guidelines, inter-agency/ministerial press briefings,
hazard/disaster databases, frameworks, programmes, reports, and articles (academic and
non-academic) on Cameroon’s DM/DRR and related themes. These were accessed from the
local, national, regional, and international sources to analyse Cameroon’s hazard profile.

Primary source insights into Cameron’s risk profile were obtained from stakeholder
Ministries in charge of DM/DRR issues like the Ministry of Territorial Administration
(MITAD); Ministry of Scientific Research and Innovation (MINRESI), Ministry of Higher
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Education (MINESUP); Ministry of Decentralisatioin and Local Development (MINDDE-
VEL); Ministry of Public Health (MINSANTE); Ministry of Transport (MINT); etc. [19].
Information from international sources was obtained mainly from UN agencies like the
UNDP, UNDRR, UNISDR, UNOCHA, UNHCR, UNICEF etc., regional /international finan-
cial institutions funding DM /DRR projects like the African Development Bank and World
Bank, and humanitarian agencies and NGOs.

The most valuable source of secondary data was informed by peer reviewed scholarly
articles from the extensive cohort of academic literature in various research databases
like google scholar, Scopus, Web of Science, ScienceDirect and Directory of Open Access
Journals (DOA]J) [47,48]. The sources have been cited at relevant points in the text.

In the search for data from disaster/hazard databases, the researcher was cautious
since many have incomplete records. For instance, the Emergency Event Database (EM-
DAT) of the Centre for Research on the Epidemiology of Disasters (CRED) have data on
more than 22,000 hazards/disasters around the world from 1900 to present day [49]. But
their record is not complete partly because of the criteria for collating data (According to
the EMDAT website, for hazards to qualify for inclusion into the CRED Database, at least
one of the following criteria must be met: at least ten people must be killed, one hundred
or more people should be affected, the incident should lead to a declaration of a state of
emergency and a call for international assistance.). As such, they lack nuanced data on
the intensity, scale, and frequency of the different hazard types relevant to inform a more
comprehensive picture of Cameroon’s hazard profile.

Therefore, this research adopted an approach of identifying all hazards/disasters
affecting communities at all levels and/or scales in Cameroon whether they fit the criteria
for inclusion into databases or not or are not significant enough to warrant national or
international attention. This is relevant considering that hazardous incidents may not be
visible at the national or regional scale or meet the criteria for inclusion into databases but
contribute greatly to local risk profiles as their cumulative effects bear heavily on local
communities in the long run [50].

Document and content analysis were used for data analysis. The document analysis
used a systematic procedure for reviewing both printed and electronic materials. The
analytic procedure involved searching, selecting, synthesising and appraising data on
Cameroon’s risk profile, especially the prevailing hazards/disasters. Document analysis
is useful in three ways relevant to this research. First, in providing historical insight
and background information on hazards/disasters; Second, in providing supplementary
research data useful to enrich the knowledge base on hazards/disasters in Cameroon; and
third, the analyses can be used to corroborate or verify findings from other sources [51].

The obtained data was then categorised into various themes or hazard types/groups
through content analysis. This enabled the classification of hazards/disasters and fostered
a deeper understanding of the key drivers of hazard/disaster risks [52] in Cameroon.
Consequently, multi-hazard profiling in this article has adopted a simplistic approach
where the hazards have been grouped into broad categories (natural hazards, potentially
socio-natural hazards, technological hazards, and social/anthropogenic) based on their
mode of occurrence or physical mechanisms producing them [44]. This classification has
informed the structure of the findings, which has been presented in a systematic order.
Data triangulation from primary and secondary sources has strengthened the reliability
and validity of the identified hazards/disasters.

This research is not without limitations. The analysis lacks a comprehensive picture
of disaster risk since profiling is limited to an inventory of hazards/disaster. Analyses of
vulnerability, exposure, capability, and projections of all the risk components are beyond
the scope of this article. Nevertheless, the multi-hazard inventory and/or risk assessment
is the initial step in preparing a proper DRR or disaster resilience country strategy or
planning. It is also invaluable for subsequent more in-depth or comprehensive disaster
risk assessments [2,6]. Another potential handicap is that the availability and access to
data is problematic in some instances. Only data that the researcher could access from
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diversified sources was used since Cameroon does not have a repository of contemporary
hazards occurring within the national territory. Indeed, many small-scale hazards in rural
communities are not reported or documented [18,26]. The availability of such local data
could have enhanced the hazard profiling.

5. Findings
The results have been analysed under the classification of hazards into natural hazards,
potentially socio-natural, technological hazards, and social and anthropogenic hazards.

5.1. Natural Hazards

Natural hazards prone to Cameroon are predominantly geological and climatic in
character, and their occurrence is loosely tied to the geology, geomorphology, and climatic
units of the country. The common natural hazards in Cameroon can be classified into
Geological hazards.

5.1.1. Geological Hazards

The geological hazards occur principally along the extensive highland in the Western
part of the country, which is a major topographical feature of geological origin also known
as the Cameroon Volcanic Line (CVL) (see Figure 2). The CVL is an alignment of 1600 km
easily recognisable Y-shaped chain of volcanoes that stretches from an oceanic sector in the
Atlantic Ocean and extends to a continental sector across the country. The oceanic sector
of this volcanic lineament, which has been active since the Tertiary period comprises of
volcanos such as Pagalu, Sao Tome, Principe, Bioko. The continental sector has volcanic
mounts like Mt. Etinde, Mt. Cameroon, Manengouba, Bambouto, Oku, Mandara and
Biu Plateau trending averagely N30° E through the country [53]. Documented evidence
of the occurrence of natural hazards in Cameroon since the 19th century shows that the
most regular and common geological hazards are volcanic eruptions, toxic gas emissions,
earthquakes, and mass movement.

Volcanic Eruptions

In the last 120 years, volcanic eruptions in Cameroon have been confined mostly to Mt
Cameroon (Mt Cameroon is a huge elliptical stratovolcano with a height of 4095 m), the
most active and largest volcano on the CVL and West/Central Africa. The edifice, which
is characterised by many craters and cones on its summit and flanks is thought to have a
near-continuous eruption sequence over the last 10 million years, being most active within
the last 3 million years [54,55]. There have been 7 major volcanic eruptions since 1900—1909,
1922, 1954, 1959, 1982, 1999 and 2000 [55-57]. Population centers within the vicinity of the
massive edifice, especially big towns in the South West Region like Buea that host more
than 90, 000 residents and Limbe, a coastal and touristic city with more than 85,000 people
are vulnerable to volcanic hazards posed by Mt Cameroon’s eruptions. Past eruptions
have damaged houses and crops on the flanks of volcano, caused health problems and the
displacement of populations with ramification for the dominantly agrarian livelihoods in
the region [58,59].

Risk maps of the region show the probability of lava flow inundation (Figure 3a); lava
flow risk for human settlements (Figure 3b); an overview of the expected threat (impact,
damage) of vent location leading to lava flow on the surrounding towns/villages (Figure 3c)
while Figure 3d shows the potential damage of roads per km of lava flow.
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Of immense threat are the agricultural plantations in the region like the Cameroon De-
velopment Corporation (CDC) that is thriving on the fertile volcanic soils of Mt Cameroon.
The CDC is the largest industry in the South West Region and Cameroon’s second largest
employer [60,61]. Considering its contribution to the economy of the region and Cameroon,
it is important to protect this resource, and its work force from the risks posed by Mt
Cameroon. Hence the relevance to have adequate DRR strategies including monitoring
the volcano for any potential eruption. This should also include volcanic gases that have
caused gaseous eruptions on the CVL after accumulating in huge quantities.

Gaseous Eruptions

Gaseous eruptions are a new type of hazard in Cameroon that was first noticed on
two crater lakes situated on the CVL. Initially on 15 August 1984, poisonous gases from
Lake Monoun in the Foumbot Crater Field (West Region) caused 37 fatalities within the
vicinity of the lake. Two years later, on 21 August 1986, a similar phenomenon in Lake
Nyos killed 1746 people, around 8500 livestock and affected around 20,000 more [24,62].
This tragic incident, known popularly as the Lake Nyos Disaster, caused the displacement
of around 4500 people. More than 30 years after the Lake Nyos Disaster, thousands of the
displaced victims remain destitute with many still living in dire conditions in resettlement
camps [50].

Volcanologists found that the poisonous gases in both cases was carbon dioxide,
apparently derived from the slow degassing of magma at depth, before accumulating in the
bottom of both lakes. To mitigate the risk of later gaseous eruptions, the Nyos and Monoum
Degassing Project was instituted to degas (Tubes were installed to siphon water from the
bottom of the lake to the surface, allowing carbon dioxide to escape in safe amounts.) both
lakes, and it is believed the risk of later gaseous eruptions has been eliminated [63]. A
carbon-dioxide warning system was installed at both Lakes Nyos and Monoum to alert the
residents living within the vicinity in case of another gaseous release. Whether the alert
system can achieve its desired function is not known. Regular drill exercises should be
carried out in both regions to test the operational suitability of the alert system considering
a similar device may required on other volcanic lakes in the country.

Other than Lakes Monoum and Nyos, there are 30 other crater lakes on the continental
part of the CVL [64]. There is a high probability that some of these lakes may also hold
significant accumulations of potentially hazardous gasses. Yet these lakes are not being
checked for their gaseous or carbon-dioxide content. Hence, the vulnerability of the
populace in the vicinity of these lakes persists, with the ever-present danger of a catastrophic
gaseous release that could be fatal. Consequently, there is an urgent requirement to start
the monitoring of Cameroon’s other volcanic crater lakes as is the case with potentially
dangerous lakes in other parts of the world. Case in point is Lac Pavin in France, lakes Lago
Albano and Monticchio in Italy and lakes Rio Cuarto and Laguna Hule in Costa Rica [65].

Earthquakes

Cameroon is characterized by heterogeneous seismicity where tectonic and volcanic
earthquakes are associated with crustal disturbance and volcanic eruptions, respectively.
Around 80% of all seismic events in Cameroon occur at shallow depths of less than 10% [12].
Ndibi et al. [66] compiled an earthquake catalogue on the CVL from 1900 to 2010 that shows
the biggest magnitude earthquakes above 3.9 Mw (Table 1).

Although seismic activities are scattered all over Cameroon [67], spatial distribution
of seismic events have been used to delineate Cameroon into four main Seismic Source
Regions (SSRs) (Figure 4) [12]. The first SSR is depicted by epicenters in Mount Cameroon
area, comprising of the “Mount Cameroon Source Region” that is characterised by seismic
swarms recorded at the summit, South, North West, and East flanks [68,69]. Geotectonic
data shows that most of the seismicity is concentrated around Mt Cameroon region and the
strongest felt earthquake (5.3 Mb magnitude) was associated to the 1999 Mount Cameroon
eruption. Indeed, seismicity in this region is generally low and probably associated with
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magmatic mantle convection [70]. Microearthquake surveys revealed earthquakes occur-
ring as swarms and clusters in few locations at a rate of 2 events per 3 days without clear
lineation of epicenters [71].

Table 1. Main recorded earthquakes along the CVL.

No Year Month Day Time Longitude Latitude Magnitude (Mw) ](312:?
1 1907 11 16 21.00 9.600 4.600 4.8 0.0
2 1909 4 26 08.00 9.400 4.300 5.1 0.0
3 1910 2 23 01.00 9.100 4.200 44 0.0
4 1922 2 3 01.00 9.100 5.200 44 0.0
5 1969 1 24 03.30 11.100 5.400 5.2 0.0
6 1975 11 2 04.55 9.250 4.730 4.0 0.0
7 1975 11 5 07.17 9.350 4.650 3.9 0.0
8 1986 2 13 01.54 9.119 4.368 39 9.4
9 1990 9 20 12.13 9.070 4.331 42 9.8
10 1999 3 28 20.38 9.080 4.170 53 10.0
11 1999 3 27 18.04 9.080 4.170 51 10.0
12 1999 3 27 22.32 9.000 4.140 51 10.0
13 1999 3 28 20.12 8.850 3.770 51 10.0
14 1999 3 27 19.03 9.040 4.160 5.0 10.0

Source: Adapted from [66].
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The second SSR is found NE of Mt Cameroon region (Figure 5) and characterised by
diffuse, weak, irregular to moderate seismicity (maximum magnitude recorded is 5.1 Mb).
The region is characterized by Tombel and Kumba grabens on southern segments faults of
the “Central Cameroon Shear Zone” (CCSZ) (Figure 5) [12].
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Figure 5. Second seismic source region NE of Mt. Cameroon region. Source: [66].

The third occurs in the central part of the country along the Western Cameroon
Highlands. Prominent in this region are Eocene to Pliocene volcanic eruptions, the “Sanaga
Shear Zone” (SSZ) (Figure 6) and crater lakes. Seismicity here is diffuse and seismic events
have occurred at average depths of 33 kms and the largest recorded earthquakes of 5.8 Mb
magnitude has been recorded [12,72,73].
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The Fourth SSR occurs along the northern boundary of the Congo Craton (Figure 6)
with characteristic magnitude of 6 Mb and 33 km depth. Despite its relatively shallow and
weak magnitude earthquakes, arguably, this source region has the potential to generate
large earthquakes.

While the first SSR are associated with volcanic earthquakes, tectonic earthquakes of
different intensity have occurred at the second to the fourth SSRs. One of the largest tectonic
earthquakes to hit Cameroon was the 6.0 Mb magnitude earthquake that occurred in the
south region on 12 September 1945 [74]. Others include the magnitude 4 Mb earthquake
that was felt in Ndu (North West Region) in 1980; Magba (West Region) in 1987; Monatele
(Centre Region) in 2005 and Kribi (South Region) in 1990 [75].

Although Cameroon is rated as low in seismic hazards [76], seismic shocks preceding
Mt Cameroon eruptions have damaged houses in the past [66]. Later eruptions may
be more damaging considering the increasing population densities and infrastructural
development in urban areas within the vicinity of the volcano like Buea and Limbe. Indeed,
the geologically active nature of the Mt Cameroon region has implications for high seismic
risk and the potential to generate earthquakes with a magnitude of more than 6 Mb [12,77].
A robust earthquake/volcano early warning system is vital in the region.

Mass Movement

Mass movement is a common natural hazard in Cameroon that manifest as landslide,
soil creep, slumps, mudflow, earthflow, earthfalls, rock fall and subsidence, occurring
frequently on the CVL (Figure 7) in rural and urban areas. Landslides and mudflows are
the most common mass movement hazards.

Landslides and mudflows make up around 25% of natural hazards in Cameroon [77]
and has been rising annually over the years [78]. Recurrent landslides occur in all regions
of the country with a hilly and undulating topography. Landslides have been recorded
in Yaoundé (1978, 1985, 1986,1990, 1998 e), Nkongsamba (1998), Pinyin (1991), Bafaka
(1993), Melong (1986), Kribi (1987), Awae (1998), Nwa (2000) and Wabane (2003) [79].
They also occur frequently in Limbe, Bamenda, Dschang, Bangangte, Bafoussam, Kumbo,
Nkongsamba, Belo, Fundon, Ngie, Njinikom [75-81]. In fact, the North West Region is a
landslide hotspot, with several occurring annually. Fogwe [81] recorded 75 landslides on
the Bamenda Ring Road in a five-year period (1991 to 1996). Recurrent landslides occur in
many local communities in remote locations on an annual basis, mostly during the rainy
season and many go undocumented.

Mudflows often form on steep escarpment having silt, sand, and gravel pits. Promi-
nent examples in Cameroon are the landslides and mudflows that occurred on 25 and 26
August 1978 in the vicinity of Dschang (West Region); the Oyomabang mudflow of 25
September 1990, the mudflows and landslide of 27 June 2001 in Limbe [79] and the recent
mudflows in Buea on 24 March 2020 [82].

Fewer incidences of land subsidence and earthfalls have been recorded in Cameroon.
Fogwe [81] recorded land subsidence and earthfalls along the Ndop-Sabga road, the
Mbouda-Bamenda highway and at Akum.

In many instances, the landslides/mudflows have caused fatalities and enormous
damage, notably on human life, the environment, infrastructure/houses, agriculture, and
property in many regions of the country [79,83,84]. For instance, a landslide that took place
on 28 August 1978 at Fossong-Wentcheng (South-West Dschang) killed six people [85]; on
27 June 2001, a landslide in Limbe killed 24 people; on 20 July 2003, a landslide in Maga
caused 22 fatalities [79]; on 12 September 1992 in Santa a landslide killed 12 people; on 20
October 2007, a landslide at Kekem resulted to one death [86]. In Bamenda, four children
of the same family were killed in a landslide at the Abangoh neighbourhood on 24 August
2004 [81]. Recently, on 24 March 2020, residents in Buea were stunned when a mudflow
from the slopes of Mt Cameroon following heavy rainfall flooded and destroyed houses
and rendered some roads impassable [82,87].
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Figure 7. Topographic and hydrographic map of Cameroon showing the distribution of catastrophic
landslides. Source: [79].

These geomorphological processes are caused by natural and anthropogenic factors.
Natural factors include the topography, geology, and weather (rainfall). For instance,
the CVL consists of volcanic and plutonic rocks (trachyte, ignimbrites, dolerites, gran-
ites, gneisses) that produce soils whose geotechnical properties makes them predisposed
to mass wasting. The nature of the bedrock and thickness of the soil is also a factor.
Furthermore, the hilly topography of the CVL with steep slopes/gradients, exacerbated
by intense/heavy rainfall and earth disturbances (earthquakes/tremors) also facilitates
landslides and mudflows. Triger factors that relate to anthropogenic activities are the
uncontrolled human settlement in sloping land and in urban fringes with related pressure
on the environment for economic and livelihood sustenance leading to the intensification
of the agro-pastoral activities, deforestation, and poor farming practices [77,78,84]). A
landslide on the steep slopes surrounding crater lakes could be dangerous. A landslide that
slumped into Lakes Monoum and Nyos was a key triggering factor for the Lakes Monoum
and Nyos disasters [88].

5.2. Potentially Socio-Natural Hazards

The potentially socio-natural hazards discussed in this section are mainly hydro
meteorological hazards.
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5.2.1. Hydrometeorological Hazards

Several hydrometeorological hazards occur in Cameroon including thunderstorms,
floods, lightening, heatwave, drought, hurricanes, and coastal erosion—often associated
with coastal storms, storm surge and flooding. The most prominent ones that warrant
further analysis are floods, drought, and heatwave.

Floods

Flood hazardous events are a common phenomenon all over Cameroon (see Figure 2),
especially flash flooding, which is the most widespread and challenging natural hazard [25].
Cameroon’s capital, Yaoundé, and other regional capitals like Bamenda, Buea, Garoua and
Maroua regularly experience recurrent flash flooding especially during the rainy season
(between August and October). Other towns and cities in the coastal equatorial zone like
Douala, Kribi, Tiko, Limbe that host at least 30% of Cameroon’s population are hardest hit
repeatedly by thunderstorms with accompanying floods, lightening, and extremely high
winds that often cause saline water intrusion from the sea [13,89,90]. Though located in
an arid environment, the northern part of Cameroon is also characterised by irregular and
often very intense rainfall during the rainy season albeit experiencing extremely elevated
temperatures for most of the year. Recently, in 2012, northern Cameroon was hit by the
worst flooding for over 60 years, according to Cameroon’s Directorate of Civil Protection
(DCP) [25].

The frequency and destruction from floods have been increasing in Cameroon with
diverse impacts and effects on the population, infrastructure, agriculture, and services
with implications for human, economic, social, and financial capital [91]. Floods affected
more than 373,176 people in Cameroon between 2000 and 2015 [92], but this figure should
be much higher since not all flood events are recorded in the EMDAT data base. The
devastating 2012 floods in northern Cameroon caused the displacement of more than
60,000 people, led to around 30 fatalities, and exacerbated biological/health hazards in the
region by increasing waterborne diseases like malaria, dysentery, catarrh, diarrhea, and
cough [9,25]. High winds associated with thunderstorms destroy critical infrastructure
like electricity and telephone poles, flood waters drown people/animals, destroy/damage
physical infrastructure (houses, bridges, roads), damage crops in farmlands and agricultural
produce, interrupt smooth communication and business transactions [90].

Many natural and human factors are responsible for the occurrence of hydrometeoro-
logical hazards and floods have been ascribed mainly to Climate Change induced increase
in the amount, intensity, and frequency of rainfall. Cameroon’s climatic zones that stretch
from the equatorial zones in the South to the tropical region in the North are characterised
by high annual rainfall and elevated temperature conditions in the Southern and Northern
parts of the country [93-95]. With CC forecasts predicting even worst weather shocks
with increasing temperatures, the intensity and frequency of flooding and its impact on
the population will increase further and this trend is arguably already being felt in the
country [15]. In urban areas, the flooding problem is exacerbated by numerous urban de-
velopment problems including rapid population growth, high population densities, waste
disposal in water drains and seasonal drainage channels. The water disposal problem is
exacerbated by the inability of local governments (city/local councils) to remove/manage
the irresponsibly disposed waste that prevents the free flow of storm water. The ultimate
result is flooding after heavy rainfall [13,23,96].

While annual floods events are often short-lived since they occur mainly in the rainy
season, their cumulative effects can destroy livelihood assets in the country in the long-
term. This is concerning since Cameroon has a predominantly agrarian economy that
employs 70 to 80% of the population [27]. The implication is that CC-induced flooding and
related hazards will potentially exacerbate poverty in Cameroon since around 40% of the
population that live below the poverty line carryout subsistence agricultural activities [97].
In fact, climate stressors and shocks such as heavy rainfall resulting to recurrent flooding
and desertification has caused acute food shortages in many parts of the country in recent
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years [15,98,99]. Worriedly, are the northern regions of Cameroon that are highly reliant on
rain-fed agriculture and livestock herding due to its location in an arid environment. For
instance, the 2012 floods caused considerable damage to physical capital and livelihood
assets in Northern Cameroon worth billions of FCFA francs. The flooding also damaged
crops and increased health risks for diseases with huge implications for financial and
human capital [25]. With future climate models revealing the likelihood of reduced future
maize and sorghum yields [100], northern Cameroon in particular could suffer terribly
considering the region has the highest malnutrition rate in the country and around 15% of
the population suffer from food insecurity [101].

Adequate flood management measures are required to mitigate the dire consequences
of flooding. Cameroon cities without a carefully planned expansion have blocked drains
and natural water courses [13,23,96]. Better urban/town planning and critical infrastructure
design to cope with extreme rainfall conditions is paramount. The authorities should
prevent settlement and anthropogenic activities in natural wetlands/flood plains, invest in
better waste collection measures in urban areas and the construction of drainage systems
that can handle higher volumes of stormwater.

Drought

This article considers drought conditions that are important for a range of hydrological,
meteorological, and agricultural applications.

Drought is a key climatic risk in Cameroon (see Figure 2). According to the Cameroon
government, the North and Far North Regions in the Sudano-Sahelian zone (The Sudano
Sahel region of Cameroon extends from Touroua, Garoua, and Maroua through Kousseri to
the Lake Chad basin. This zone, according to the government, extends from 8° and 13° N
and covers an area that is more than a fifth of the surface of Cameroon.) of the country are
by far the most affected by drought and desertification [102]. The region has a long dry
season and short rainy season (July to October) and annual rainfall ranges from around
900 mm in the vicinity of Maroua reducing northwards to 500 mm around Kousseri and
400 mm around Lake Chad [103]. North Cameroon has experienced droughts since the
1960s/70s, but notable, was the drought in the early 1980s that had severe dry periods [104].
Subsequent drought periods in 1987-1989, 1991-1992, 1994 and 1995 in the Sahel and
Savanna were most intense and widespread [105]. The most recent drought incidents in
Cameroon occurred between 2012-2016 [106,107].

Guengang and Kamga [108] revealed episodes of severe and extreme droughts all over
Cameroon in recent decades using 55 years of precipitation data recorded in 24 observation
stations. Their analysis shows that in short time scales, occurrences of moderate to severe
drought are intra-annual and interannual for long time scales greater than 9 months,
usually spanning many years. For most of the observation scattered around the country,
drought duration and magnitude increased with time as a consequence of a reduction in
precipitation probably due to climate change [109].

Generally, droughts in Cameroon have had negative effects on economic activities,
especially on river flow and crop development, with cascading effects on other sectors
and social/environmental costs. Drought has been manifested by increasing bush fires,
decrease in surface/fresh water, disruption of farming, grazing, and fishing activities and
outbreak of water-borne diseases [103]. Droughts have had a devastating impact on the
people and environment in Northern Cameroon for several decades (see Table 2), extending
into the Sahel.

Droughts and the vagaries of a capricious climate are trigger factors for desertification
in the region (This region with three morphological units (the Alluvial Flood Plains—
Yaeres, the Diamare Plains and the Mandara Highlands), regarded as Cameroon’s arid
lands in transition, are situated between latitudes 10° and 11°30’ N and longitudes 13°and
15°5’ E in the Savanna Steppe/Sudano-Sahelian climate.). The dry spells experienced in the
Sudano Sahelian region have undoubtedly affected agricultural production and droughts
are apparent after prolonged periods with limited precipitation. The 1960s, 1970s, and 1980s
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drought in Northern Cameroon was evidenced by the lack of natural pastures in December
of 1984 due to extensive and intense drying up of vegetation, crop failure and Lake Chad’s
shores shrinking [105]. In 2012, the World Food Programme requested 40,000 tonnes of
food to save around 400,000 hunger-threatened inhabitants in the North and Far North
Regions due to rising food prices as a result of droughts that destroyed most of the harvest
in the previous year [110]. In the South West Region, the 2016 prolonged dry season posed a
threat to yields leading to significant price increase for seeds. This prompted the Southwest
Development Authority to set up seed distribution schemes where farmers established
farming groups and their members can purchase a range of seeds (maize, bean, and yam)
at lower cost [107]. The cocoa sector was also affected. Indeed, there was a drop in cocoa
production nationwide with implications for Cameroon’s agrarian economy considering

Cameroon is the world’s fifth largest producer of cocoa [106].

Table 2. Impact of drought on people and the environment in North Cameroon.

Region/Locality Dates Human Damage Environmental
Damage
Waza September 1982 Dlsa}p pearance of
animal species
Mayo-Sava 3 August 1984 Arid and barren plain
North 15 June 1985 Food shortage
Ravaged green
Garoua 21 August 1985 environment, insect
appearance
Poor harvest, reduced
Maroua 15 February 1991 peanut and cowpea
production
Kousseri 6 June 1991 Cholera epidemic Poor water quality
Extreme North 27 February 1992 Meningitis epidemic
Degradation of
Adamaoua 13 July 1985 pastures and drying
up of tides
Extreme North 25 July 1985 Food shortage
Logone and Chari 12 May 1987 Food shortage
Mora 12 May 1987 Shortage of drinking
water
Vina 12 May 1987 Shortage of drinking
water
Logone and Chari 18 August 1998 Destructlog of crops,
famine.
Maroua 20 January 1987 Water s.horta.ge, locust
invasion
Kaglé 12 December 1987 Famine Environmental
deterioration.
Kouseri 2000
Source: [102].

Vulnerability to drought in Cameroon is partly due to natural and anthropogenic fac-

tors. The Sudano Sahelian type climate (The climate is characterised by a single rainy season
in August with average precipitation of around 400 mm increasing to 1100 southwards
and often long and rigorous dry season of 7 months or more with very high tempera-
tures of around 30 degrees on average.) in Northern Cameron exacerbates droughts and
desertification in the region. Apart from its geographical position in the Sahel region of
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Cameroon, anthropogenic activities responsible for droughts in the region are over-grazing,
overcultivation, over exploitation of fuelwood, and poor rangeland management that are
related to high human and livestock populations in this environment [104].

There is the need to better understand the temporal and spatial vulnerabilities of
drought in Cameroon under the current and future climate in order to guide vulnera-
bility and adaptation measures [109]. An assessment of the projection of extreme and
severe dry events shows that Cameroon will experience an increase in extreme dry events
within the next decades with the frequency of severe agricultural drought from 4 to
8 events per decade, and a frequency of 2 events per decade for severe hydrometeoro-
logical droughts [111]. Generally, climate change can potentially increase the duration,
frequency, and magnitude of droughts in Cameroon. Compared to the 20th century, the
Sahel will be drier in the 21st century due to greenhouse gasses and will experience more
droughts [112].

Cameroon’s vulnerability to droughts is concerning due to the country’s high reliance
on rain-fed agriculture. Historically, Cameroon has tackled past droughts by providing
food aid, operating food banks, initiating saving schemes in cooperative societies and
creating regional committees to tackle the issue [102]. Nevertheless, Cameroon still has a
weak resilience to drought mainly due to the absence of a drought early warning system
and lack of coordination of state institutions (The state institutions dealing with drought
issues include the National Meteorological Directorate (NMD) of the Ministry of Trans-
port, the Hydrological Research Center (CRH), the National Risk Observatory (ONR)
and the National Climate Change Observatory (ONACC).) and regulations dealing with
droughts [102]. To mitigate the effects of droughts, Cameroon will have to expand its
economic and institutional capacity to respond to water capacity development initiatives
on national drought management policies. The country needs to enhance its risk-based
national drought management policies. This includes improving its hydrological and mete-
orological infrastructure to improve weather forecasts and alerts and institute a drought
early warning system.

Heat Wave

Extreme heat hazard is considered as high in Cameroon and predicted to increase with
climate change and global warming [76]. Furthermore, Cameroon is prone to heat wave
due to its geographical location near the equator where solar radiation intensity is always
high [113]. Specific instance of heat wave has been noticed in Cameroon.

A high magnitude and long persistent heat wave affected Cameroon during the 1982—
1983 drought. Just after the equinox of 23 September 1990, another minor heat wave
occurred mainly in regions across the equator [113]. The impact of climate change induced
increases in temperature is a contemporary phenomenon in Cameroon with relatively
higher temperatures during the dry seasons. This problem is conspicuous in the northern,
littoral, and central regions with cities like Garoua, Maroua, Douala and Yaoundé hardest
hit [114]. With high rates of economic, demographic, and urban growth, these cities,
particularly Douala (Cameroon’s economic capital) and Yaoundé (political capital) could
face significant increased exposure to dangerous heat in the coming decades. In a study on
heat impact on school children in Cameroon, high indoor temperatures of 36.6 degrees and
32.5 degrees were observed in Douala and Yaoundé respectively [114].

The impacts of heatwave can be profound. There is a correlation between daily indoor
temperatures and illnesses like heat stress, headaches, and fatigue in schoolchildren [114].
Additionally, heat exhaustion and heatstroke cause fatalities and affects the labour force
with implications for the economy and agricultural productivity.

Like many African countries, Cameroon, is vulnerable to hydrometeorological hazards
(heat wave inclusive) due to its high exposure and low adaptive capacity [113]. With
the predicted occurrence of hotter, longer, and more frequent heat waves due to global
warming, extreme heat mitigation should be considered in infrastructural and construction
design/methods.
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5.2.2. Biological and Health Hazards

Biological /health hazards are widespread in Cameroon. They are derived from
various sources including bacteria, parasites, viruses, fungi, insects, and poisonous animals.
Animal pests and property destruction caused by animals are common. For instance, the
destruction of crops by elephants is a regular occurrence in the forested South and East
Regions of Cameroon. Although not very frequent, locust infestations and grain eating birds
have devoured crops in northern Cameroon. Epidemics of cholera, measles, meningitis,
dengue/yellow fever have occurred in almost all the country’s regions [98,115,116]. Other
health hazards like dysentery, malaria, diarrhea, catarrh, cough occur regularly all over the
country.

There are several precursors to these hazards. In most urban areas, health hazards
accrue from poor waste management such as indiscriminate and illegal waste disposal
in open spaces such as storm-drainage channels, streams, roadsides/streets etc. Tende
and Ashu-agboko [117] found a correlation between poor urban waste management and
diseases like typhoid, malaria, diarrhea, intestinal worms, and skin rashes in Mamfe. These
hazards are exacerbated by annual flooding during the rainy season, also associated with
waterborne diseases. Poor hygienic conditions, for instance, health and sanitary facilities
not thoroughly cleaned and habitually maintained act as vectors for the transmission of
contagious and infectious diseases [118]. Furthermore, the populace in rural/forested areas
often suffer bites and stings from animals, insects, and snakes etc. These hazards have
dire consequences for human health, food security and local economies, contributing to
livelihood loss, poverty, and famine [9].

Risk mitigation for biological and related health hazards should be the concern of
stakeholders in multiple institutions like those in charge of health, agriculture, water
resources/ management, urban/town management, and the environment. These sectors
require a pest and disease control service and programmes to limit the incubation and
spread of biological agents and other vectors of plant and animal origin that present a
risk to both agricultural produce and human health. Although this is being done in the
country on a reactive basis following mostly identified epidemics, proactive measures
backed by sustainable funding is required to drastically reduce these pest and health issues.
Frequent harrowing incidents of water borne diseases and epidemics of dysentery, diarrhea,
malaria, and meningitis are intimately associated with climate risks like flooding. Regular
health programmes are required to mitigate the impact of these illnesses. The provision of
regular clean portable drinking water to many local communities and well-equipped health
centers and clinics would be helpful to curb these health risks. For instance, COVID-19
exposed the fragile state of Cameroon’s health system and the country’s low resilience to
the pandemic [18] with related governance issues in the management of the crisis [119].
Being proactive in sustaining the health care system is critical in tackling these hazards
including unprecedented pandemics like COVID-19.

5.3. Technological Hazards

Cameroon is also prone to a number of technological hazards like transport and fire
accidents, explosions, leaks in industrial pants, dam failure etc. The most prominent
technological hazards in Cameroon that have been analysed further are transportation
accidents and fire incidents (wild /commercial fires).

5.3.1. Transportation Accidents

Transportation accidents are the worst type of technological hazards in Cameroon.
The transportation accidents addressed are road, train, marine and airplane crashes.

Road Traffic Crash

Cameroon has a remarkably high burden of road traffic crashes, injury, and death,
which is an alarming problem. Government records reveal that an estimated 16,583 road
accidents happen each year on Cameroon’s road network, accounting for 85% of transport



GeoHazards 2022, 3

73

accidents in the country [120]. However, the figure is much higher since registry-based
reports do not capture the complete picture. Most accidents are not reported /documented
and there are challenges in collecting and collating data on road traffic accidents (RTA).

RTA is a major public health problem in Cameroon due to the high number of people
treated for injuries from accidents daily. The WHO estimated that around 18 people die of
RTA each day, averaging 1 death in every 81 min and also estimated that annual fatalities
from RTA in Cameroon is around 6560 [121]. In addition to the huge human toll, the annual
related economic losses are estimated at around FCFA 100 billion per year, equivalent to
around 1% of Cameroon’s GDP [120].

An in-dept analysis has revealed that the following reasons are predominantly respon-
sible for RTAs in Cameroon.

e  Air and rail transport are expensive and available only in very few towns. Hence,
road is the only widely affordable, available, and most common means of mobility
and transportation of goods.

e  Economic development in the past decades led to an increase in the vehicle fleet—
estimated at 675,000 vehicles from 2008-2014, which coincides with the period of
highest severity of accidents recorded.

o 90% of Cameroon’s roads are poorly constructed and untarred and lack signaling,
markings, sidewalks, and cycle paths.

e Lack of regular and proper road maintenance/repairs has left many roads with pot-
holes, cracks, and poor rainwater drainage.

e Lack of driver discipline especially refusal to follow travel rules—over speeding,
overloading, non-respect of road signs, intoxicated with alcohol and using mobile
phones while driving, fatigue, etc.

e  Relatively older vehicles are plying the roads—around 52% of vehicles plying the
highway are older than 15 years.

e Negligence by not checking the state of vehicles before plying the road and lack of
proper vehicle maintenance.

e  Environmental factors—some drivers find it difficult to navigate the hilly terrain of the
western highlands; driving under treacherous weather conditions since the untarred
roads become slippery/muddy during heavy rainfall.

e  Poor or lack of proper implementation or enforcement of road safety and transport
legislation/policies by law enforcement officials.

e  Fraud facilitated by the process in obtaining transport documents. For example, over
7000 fake driver licenses and 20,000 vehicles with improper road worthiness certificates
are in circulation [120,122].

The extent to which the aforementioned factors contribute to RTA in Cameroon varies.
Human error is responsible for most RTA (70%), followed by the poor state of vehicles
(20%) and the state of the roads (10%) [122].

The government has not been oblivious to the high frequency of RTAs and has applied
a number of measures to mitigate the problem albeit more needs to be done. Since 2013, the
authorities have mobilised a road safety fund that raised nearly FCFA 2.5 billion yearly [122].
Road safety and sensitisation campaigns on the need for responsible behaviour have been
rolled out throughout the country. Inter-urban travel agencies that flout road transports
regulations have been suspended. The security forces (National Gendarmerie and Police)
have investments in acquiring around 1.5 million electronic alcohol detectors. In the last
decade, many speed monitors have been installed along the main highways. According to
the Minister of Transport, the number of defaulters along the Yaoundé-Douala highway
(busiest road in the country) dropped from 3336 to 1000 between November 2018 to
25 February 2019. The government believes its efforts have been relatively positive in
reducing the rate of accidents to 32% in five years and has pledged to curb RTAs by 50% by
2020 [123]. Despite the efforts, their effectiveness leaves much to be desired.

The following recommendations to curb RTAs in Cameroon are proffered.
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e  The government should reform driver training programmes, intensify road safety

campaigns, increase awareness of the highway code among the various road users
and strengthen the implementation of sanctions for drivers and transport agencies.
The nation’s road infrastructure should be regularly repaid and upgraded.
More Information and Communication Technology (ICT), and transport managing
systems (TMS) gadgets (This includes equipment such as speed cameras, radars, global
positioning systems (GPS) for monitoring road users (tracing and tracking of vehicles
on transit).) should be bought and more road traffic personnel trained to use them.

e To address the underreporting of RTAs, more structures to systematically collect,
collate and report RTA are required to determine more accurate statistical data on
RTAs in the country.

e  The Ministry of Transport (The Ministry of Transport is in charge of all transport
related activities in Cameroon especially policy, legislation and enforcement.) should
endeavour to enforce legislation preventing overloading of vehicles, the requirement
for mandatory use of seatbelts, wearing of helmets by motorcyclists and use of child
restraints.

e Transport agencies could be mandated to use Global Positioning Systems (GPS) and
Transport Management System (TMS) for tracing and tracking of vehicles on transit.

e  The private sector and other stakeholders should be fully integrated into efforts to
mitigate RTAs.

e Road safety considerations should be embedded in new transport development
projects

Train Crashes

Frequent train crashes occur in Cameroon (see Figure 2) although the rail network is
very sparse and operational for only 976 kms [14]. According to the Emergency Events
Database (EM-DAT) of the Centre for Research on the Epidemiology of Disasters (CRED),
from 1988 to 2018, 41 technological disasters occurred in Cameroon causing 1542 deaths,
1272 injuries and affected 3061 people. The CRED Database does not paint a real picture
of train crashes and/or technological hazards/disasters in Cameroon since many do not
meet the criteria (The following criteria must be met for hazards/disasters to be included
in the database: 10 or more people dead; 100 or more people affected; the declaration of a
state of emergency, a call for international assistance.) for inclusion into the database. In
fact “ ... more train accidents with potential dire long-term consequences for the survivors have
occurred” [18] (p. 2).

Several train accidents occur every year with potentially thousands of fatalities that are
not captured in the CRED Database. In 1998, there were 271 derailments with 37 occurring
on the main Yaoundé-Douala railway line, causing several hundred fatalities. Notable,
was the Nsam train crash that killed around 120 people in Yaoundé when two petroleum
tankers collided [124]. In 2009, train crashes caused 5 deaths and 300 injuries. Cameroon’s
worst train crash was the Eseka Train Disaster (ETD) that occurred on 21 October 2016
resulting to more than 800 fatalities. Between October 2016 and 8 December 2017, four train
accidents occurred in Cameroon that are not documented in the CRED EM-DAT database
(The train accidents happened in Ndokoti (Douala) on 26 November 2016; Elig-Edzoa
(Yaounde) on 8 March 2017; near Makondo, about 87 miles west of Yaoundé on 26 July 2017
and near Maboni Village (South West Region) on 8 December 2017.) [18].

The poor state of Cameroon’s railway that may be intimately associated with to the
ageing network, including operational and safety issues [18] are contributing to the high
frequency of train accidents and can be traced to the history of the railway. Cameroon’s
entirely single track, meter-gauge, diesel operated rail line that is operational for less than
1000 kms is a product of the country’s colonial era. The network is operating under a
concessional railway business model (The Cameroon government owns 13.5% of the shares
in CAMRAIL while the Concessionaire, the Bollore Group owns the bulk of the shares
(77.4%).) and has suffered insufficient investment and inadequate maintenance over the
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years [14]. This has been exacerbated by a continuous rise in the passenger /freight traffic
as the population/business transactions has been increasing since independence (Annually,
Cameroon’s rail network has been receiving around 1.6 and 1.8 million passengers and
tonnes of fright respectively.) [124].

To mitigate train crashes/accidents in Cameroon, there is need for a comprehensive
and strategic overhaul of the sector [18]. This shall include polity formulation, a tight
regulatory/institutional risk reduction framework and structural reforms in Cameroon’s
railway industry.

Marine Accidents

Cameroon is a coastal and port state that is not immune to shipping accident. Ma-
rine accidents often occur (Table 3) along the more than 400 km long coastline hosting
Cameroon’s four sea ports (Douala, Kribi, Limbe, Tiko). With over 1400 foreign vessels
calling at the ports of Cameroon annually, according to the Douala Port Authority, accidents
are inevitable, albeit sparse.

Table 3. Some prominent maritime accidents in Cameroon since 2008.

Date Company/Incident Location Effects

Collision of M/V EM
Chios at the channel
entrance to the port of
Douala with the pilot
on-board, with M/V
1 March 2013 Swift Split which was Douala Port
at anchorage off the
access channel to the
port in the south
without any crew

Both ships were
seriously damaged.

on-board.
December 2008 Boat capsized Cameroon coast 35 fatalities
Collision between
M/T Marida Mellisa Both shi .
5 February 2015 (Oil tanker) and M/V Douala Port seriooussl EZI;V: Z d
Nord Barcelona (Oil y &
carrier)
16 July 2017 Army vessel capsized Bakassi Coast 34 fatalities (Soldiers)
CI\?II/IITSI‘(;\Z }ljrent‘(;vue;n Both ships seriously
On 9 November 2018 (Tanker)and M/V Douala Port dajrenta'ggsecc;igle(gl:rfgne
Teos (I:;:;zg;;l rpose polluted the sea.

Ferry carrying around
200 people
Source: Author, compiled from casualty investigation report conducted by the Cameroon Maritime Administration

on March 07, 2013 and February 16, 2015; and [125].

25/26 August 2019 Bakassi Coast 17 fatalities

Past impact and casualties of maritime accidents in Cameroon’s territorial waters have
involved fire, explosion, collision, grounding, and hull cracking in ocean vessels. These
maritime accidents can be attributed to natural, material, human and other factors (For
instance, there was a violent tornado at the time of the accident between M/V EM Chios
and M/V Swift Split, M/V EM Chios had an engine failure and uncontrollable, the crew
of M/V EM Chios did not observe safety speed in bad weather and the Vehicle Traffic
Services (VTS) in the port of Douala responsible for providing the speed, direction and
wind force was out of order for months.) including incompetent seafarers and insufficient
monitoring of ships conditions by flag states. Indeed, substandard ships and ocean vessels
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with defects in their design/construction; neglects in maintenance and staffing by poorly
trained personnel and overloading in ferries are to blame [126,127].

Maritime accidents in Cameroon have led to fatalities, material damages, damages to
the marine environment and financial losses. Given Cameroon’s geographical location that
makes it ideal to serve as a gateway to neighbouring landlocked countries and a hub for
regional trade, it is imperative for the government to ensure maritime safety, especially to
enhance port state control measures.

Table 4. Airplane crashes and accidents in Cameroon from 1947 to 2021.

.1 Crash Passengers/
Date Operator/Airline &/or Plane Location Deaths
1 July 1947 Air France /Junkers JU-52/3 m Near Eaeka 13/13
19 February 1952 STAAP/Consolidated 32 Liberator I Near Yaoundé 9/9
. Union des Transportes Aeriens
18 April 1955 de Havilland/DH-114 Heron 18 ount Kupe 14/12
Union Aéromaritime de Transport/
3 June 1955 Douglas C-54A Fort Lamy 3/3
10 September 1955 Societe France/HydroLatecoere 631 Near Banyo 16/16
13 June 1961 Air Cameroon/Douglas C-54 Douala 5/5
Skymaster
4 March 1962 Caledonian Airways/Douglas Douala 111/111
DC-7C
3 May 1963 Air Afrique/Douglas DC-6B Near Buca 55/55
Cameroon Air Force/Max Holste Balessing
25 November 1963 M.H. 1521 M Broussard (West Region) NA/0
21 July 1964 Air Congo/Beechcraft C-45 Mt. Cameroon NA/3
Expeditor
3 February 1965 Air Cameroon/Curtiss C-46A Garoua 4/4
11 October 1966 Canadair/C-4M2 North Star Near Garoua NA/0
Central African Air Force/Douglas ‘
20 January 1966 C-47 Skytrain Near Yaoundé NA/3
30 June 1967 Air Cameroon/Douglas DC-3 Dschang NA/0
Cameroon Air Transport/De .
21 January 1967 Havilland DH.104 Dove 1 Tiko NA/0
Cameroon Airlines/Canada DHC-6
31 October 1981 Twin Otter 300 Bafoussam 24/1
Cameroon Airlines/Boeing
30 August 1984 B-737-2H7C Douala 116 /2
5 February 1987 Aero France/Learjet 55 Near Jakiri 11
Cameroon Airlines/Hawker .
28 June 1989 Siddeley HS-748-435 Srs. 2 Yaoundé 47/3
Cameroon Airlines/Boeing
3 December 1995 B-737-2K9 Near Douala 78/72
. Lybian Arab Air Force/Antonov ..
23 April 2006 AN-74TK-200 Kousséri 6/6
. . Mbanga
5 May 2007 Kenya Airways/Boeing B-737-8AL 114/114
Pongo
19 June 2010 Aero Service/Aviocar CASA 212 Yangadou 11/11
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Table 4. Cont.
. Crash Passengers/

Date Operator/Airline &/or Plane Location Deaths
10 March 2019 Camair Co/Xian MA-60 Bafoussam NA
1 December 2019 Camair Co/Xian MA-60 Bamenda NA

2 August 2020 Cameroon Air Force/C-130 Hercules Maroua NA/0
21 May 2021 Camair Co/Embraer ER]J-145 Yaoundé 31/0

Source: Author, compiled from various sources including [128-131].

Airplane Crashes and Accidents

Air accidents and crashes have been occurring in Cameroon since the 1940s. Most of
the air crashes and resulting deaths occurred in the 1960s (Table 4) after Cameroon achieved
independence. Cameroon’s worst airplane crash was the Kenyan Airways that crashed into
mangrove swamps at Mbanga Pongo on 5 May 2007 shortly after taking off from Douala
Airport killing all 114 people on board.

The airplane crashes and accidents have been attributed to technical faults, poor state
of aircrafts, poor weather, and pilot error. The worst airplane crash in Cameroon was due
to pilot mistake or “spatial disorientation” [132]. Since 2010, all the plane accidents have been
attributed to runway excursion due to harsh weather conditions [131] except the Camair
Co accident on 1 December 2019 where the aircraft was allegedly shot at with firearms
while on approach for landing at the Bamenda Airport [130]. Separatist fighters from the
Anglophone crisis operating in the area were blamed for the incident [133].

In order to ensure efficient, secure, and safe operations in Cameroon’s airports,
Cameroon’s Civil Aviation Authority must meet the international standards and recom-
mended practices prescribed by the International Civil Aviation Authority. This is particu-
larly in view of safety and airworthiness concerns about the Chinese-made MA60 fleet of
aircrafts currently used by the state-owned airline (Camair-Co) for internal flights [134].

5.3.2. Fire Hazards

Cameroon is prone to forest, bush or wildfires, and commercial /industrial fires in-
cluding fires in private and state properties. The demerits of forest or bushfires have been
discussed in this section since technological factors can cause forest fires. Nevertheless,
wildfires can also be classified under potentially socio-natural hazards since natural and
anthropogenic factors, which can be accidental, deliberate, or due to negligence can cause
it.

Wild /Forest Fires

Forest/bush and/or wildfire hazard is classified as high in Cameroon [76]. Smoking
has resulted to forest fires. For instance, cigarette buts dropped by tourists on Mt Cameroon
ignited to cause wildfires in 1996 and 1999, resulting to deaths and biodiversity loss. Forest
fire incidents have been caused by high tension electricity lines and explosion of their
transformers in forested areas. Occasionally, small brush fires deliberately caused by
hunters to catch animals may get out of control causing huge forest fires. Similarly, poorly
controlled fires using the “slash and burn” technique as a quick means of clearing farms
and plantations occasionally connect into neighbouring forested areas causing bigger forest
fires. This has been observed in Tiko, Munyenge, and Idenau in the forested areas on the
foot of Mt Cameroon [135]. During eruptions on Mt Cameroon, lava flow often causes wild
forest fires. Such fires destroyed substantial portions of the forest and plantations on the
West slopes of Mt Cameroon during the 1999-2000 eruption [57].

Forest/wildfires detrimentally affect livelihoods and the environment in Cameroon
via the destruction of fuel wood and agricultural/farmlands. Local and economic de-
velopment suffers through the destruction of non-timber forest products and the killing
of animal species in forested areas. Indeed, wildfires pose the greatest threat to forest
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conservation in the Mt Cameroon area [135]. Forest fires is a key driver for deforesta-
tion in Cameroon. While high tension electricity lines cause forest fires, ironically, for-
est fires have been damaging the electricity network. For instance, according to ENEO
(Cameroon’s electricity network company), from 2020 to March 2021, bush fires have
damaged around 200 of its electric poles. The consequences are regular electricity disrup-
tion and financial losses. In fact, in early 2021, ENEO reported damage to its network
worth 800 million due to human-induced fires within two months (This report can bround
on this link: https:/ /www.businessincameroon.com/energy/1703-11388-cameroon-eneo-
estimates-losses-caused-by-bush-fires-on-the-network-at-xaf800-mIn-within-two-months
accessed on 22 December 2021)

Forest fire management in Cameroon is guided by legislation (Legislation on the
prohibition of causing forest fires in Cameroon include the 1964 Law that requires impris-
onment for six months or a fine of up to 34,600 CFA frs; Environmental Law No. 96/12
of 5 August 1996 (5) and Forestry Law No. 94-01 of 20 January 1994.) and is supposed
to be an inter-agency /ministerial activity (The key agencies involved are the Ministry of
Forestry and Wildlife, Ministry of Environment and Protection of Nature and the Ministry
of Tourism in coordination with other organisations like the Mt Cameroon Athletics Feder-
ation, ecotourism organizations and local stakeholders (community /vigilante groups) in
forest areas.) [135]. All stakeholders involved need to continuously sensitize the populace
on the negative environmental, health and economic externalities of burning the bush that
often accidentally cause forest/bush fires.

Commercial and Other Fire Hazards

Fire incidents on commercial, state, and private properties are regular occurrences in
Cameroon (Table 5). These fires affect more people than any other type of technological
hazard in Cameroon [9]. Most fire outbreaks in markets are suspected to be caused by
several factors including a surge in electricity after a blackout, arson attacks, faulty electrical
installations, and dilapidated state of buildings in some markets [136,137].

Table 5. Some prominent commercial fire incidents in Cameroon from 2010 to 2021.

Company/Incident Location Effects Date
Tiko market Tiko, Sogth West Around 800 shops 2 March 2010
Region. burned to ashes.
Cameroonian beauty
products Douala Warehouse destroyed 2 November 2018
manufacturer
(BIOPHARMA),
. . . Around 70.769.400
National Oil Refining . .
Limbe litres of stock-fuel 31 May 2019
Company (SONARA) consumed. y
. . Warehouse,
Cosmetic producing administrative &
company (Nouvellle Douala erfumeries blocks 2 March 2013
Parfumerie Gandour) P razed
'Camer00n’ S Yaoundé Four floors burnt 16 November 2017
parliament building
Congo Market Douala Morec’;zgg()l}?g dshops 24 February 2019
Several schools and
Schools and Houses Solrllflft\}/l\k‘e/;]te;earilgns hundreds of houses June-August 2017
& burnt
Mboppi Market Douala Several shops 22 September 2019: 1

destroyed

April 2021.
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Table 5. Cont.
Company/Incident Location Effects Date
Cité des palmiers More than 50 shops,
p Douala stalls and merchant 23/24 November 2019
market
counters burned.
Cameroon’s Military . Some domitaries
Academy (EMIA) Yaoundé destroyed. 18 June 2019
Bamenda food market Bamenda More than 200 stores 29 November 2018
destroyed
Chollire Dlstnct North Region Part of hospital 7 November 2020
Hospital destroyed
New-Bgll Central Douala Rooms/property May 282020
Prison destroyed
Kousseri market Kousseri (Far North  Several stores/goods 99 March 2021
Region) destroyed.
Garoua market Garoua Several stores/goods 20 March 2021
destroyed
Limbe market Limbe Fifty shops destroyed 3 April 2017

Source. Author, compiled from many sources including [136-139].

House fires on private and government properties are common incidents all over
the country and these have increased in the North West and South West regions in recent
years. Since the onset of Cameroon’s Anglophone crisis in 2016, several private houses
and schools have been burned in the restive regions allegedly by the security forces and
separatist fighters [140,141].

The loss caused by the fire incidents has been estimated at billions of FCFA with
dire consequences for Cameroon’s economy. For instance, the huge fire explosion that
hit the production unit of Cameroon’s only oil refining company (SONARA) on 31 May
2019, consuming around 70.769.400 litres of stock-fuel seriously strained Cameroon’s
economy [139]. In fact, the economic costs of commercial fires have caused many companies
affected to file for bankruptcy. For example, the beauty product manufacturer, Parfumeries
Gandour was bankrupt in Douala after a fire destroyed its units [136].

5.4. Social/Anthropogenic Hazards

In recent years, social and anthropogenic hazards with the potential of becoming
complex emergencies have become more entrenched and prominent in Cameroon, causing
more internally displaced persons (IDPs) and refugees than all the other hazards combined.

5.4.1. External Conflicts and Terrorism

Recent conflicts in neighbouring countries like the terrorist activities by the Islamic sect,
Boko Haram in Northern Nigeria, and the civil war in the Central African Republic have
led to thousands of refugees in the northern and eastern regions of Cameroon. Boko Haram
is notorious for its insurgency characterised by kidnappings, massacres, enslavement, and
assassinations that have paralysed the livelihoods and economies in Northern Nigeria
and Cameroon [142]. The destabilizing activities posed by Boko Haram has caused the
displacement of around 2.4 million people in the Lake Chad Basin, with over 684,000 IDPs
in Cameroon [143]. Over 300,000 refugees fleeing the fragile security and political situation
in the Central African Republic are living in the East and Adamawa regions of Cameroon.
Indeed, more than 5000 refugees from the Central African Republic arrived in Cameroon
between December 2020 and January 2021 [144]. The crises-induced influx of thousands of
refugees into northern Cameroon has rendered over 5 million people food insecure in the
Lake Chad basin [9,25] while 12.5 million remain in need of humanitarian assistance [143].
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5.4.2. Internal Armed Conflict

For the first time since independence, an armed political conflict has been raging in
Cameroons Anglophone North West and South West Regions (see Figure 2) since 2017. The
conflict, also known as the Cameroon Anglophone Crisis, started with valid grievances
by the Lawyers and Teachers trade unions in Cameroon’s Anglophone regions urging the
government to revamp the Anglophone legal and education systems. The peaceful protests
quickly degenerated into a violent political crisis due to government’s intransigence and
resolve to forcefully quell down protesters. Consequently, several Anglophone armed
militia and secessionist groups emerged to defend the population of the English-speaking
region and are now demanding an independent Ambazonia Republic [10,145].

The crisis has caused awful socio-cultural, economic, and political consequences. The
consequences have been massive population displacement of more than 700,000 IDPs
and 63,800 refugees [144]. Insecurity and violation of human rights have had several
ramifications in the embattled region. There have been repercussions for education—
education facilities have been destroyed and their teachers/students threatened, abducted,
or killed. Consequently, most educational institutions have been abandoned, keeping
over 780,000 children at home [146,147]. The economy of the region and Cameroon as a
whole has been seriously affected—production in the biggest companies of the region have
reduced drastically and unemployment has soared in the region [60,61].

The conflict has overwhelmed Cameroons DM system and triggered external humani-
tarian assistance. Despite the relief that has been provided by external humanitarian actors
over the years, the response is still sub-optimal since less than 40% of the desired humani-
tarian assistance has been achieved [148]. There is no doubt that the Anglophone crisis has
seriously stressed Cameroon’s weak economy and crisis/emergency management system.
As a matter of urgency, the government should initiate a dialogue with all stakeholders to
speedily resolve the crisis.

6. Discussion

Cameroon’s legislative framework for DM prescribes regular risk analysis for adequate
DRR, and that risk maps should be produced to aid better understanding of the locations
and magnitude of risks [8]. Yet, risk assessment/analysis is still an elusive prospect in the
country. Few have been done on natural hazards as part of individual, and jointly funded
government and externally funded projects [11,13,77,84]. Therefore, a comprehensive
multi-hazard risk assessment is needed.

This article has adopted an all-hazards profiling approach to understand the variety of
hazards, issues of scale, frequency, causes, examples of incidents and potential mitigation
measures. Such an approach that considers both large- and small-scale hazards that may
not reach international concern should constitute key components of Cameroon’s risk
profile. Indeed, a complete profile should include idiosyncratic risks and challenges faced
by local communities, which has often been neglected.

The profiling has revealed the detrimental effects of hazards to the dominantly agrarian
livelihoods of the majority of the populace. The extreme poverty level and over dependence
on agriculture for livelihoods means frequent damage to agricultural produce risks keeping
the populace trapped in a vicious cycle of hunger and poverty without adequate risk
reduction measures [25]. That is why understanding the effects/impacts of the various
hazards particularly at the local levels helps in building community resilience to them.

Although this article has profiled hazards in Cameroon, it is worth noting that the
hazardous events highlighted are underlain by numerous risk-enhancing processes that
make them more complex than initially thought [35]. Therefore, not viewing the haz-
ards/disasters as isolated /single events, but rather complex and composite incidents will
inform better risk reduction interventions in Cameroon.

What this research has also shown is that international databases like the EM-DAT
cannot provide a comprehensive picture of hazards. This is due to the fact that the EM-DAT
collect data only on large-scale events that are more conspicuous at the national level. Such
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data masks the nature of hazardous events and impacts at the local level, often leading
to bias in disaster response interventions that target larger incidents. This is worrying
since even isolated hazardous events within communities that may cumulatively have dire
consequences usually go largely unnoticed and undermined in understanding a country’s
risk profile. Nevertheless, the EM-DAT is a relevant tool that contributes to understanding
of major disasters at the national level. Nation states have the responsibility to develop their
own tools to identify, understand, reduce, and manage risks at different scales, especially
at the local level.

Most documents containing information on Cameroon’s disaster profile discuss differ-
ent hazard in isolation or separately to varying degrees of detail. Hence, information/data
on different hazard types are scattered in several documents. This article has narrowed
that gap by contributing severally to knowledge in the field of DM/DRR in Cameroon.
Apart from contributing to the literature on hazards, this article is one of the first docu-
ments to provide the most comprehensive and concise inventory and account of the main
hazards/disasters plaguing Cameroon. While this is imperative to update and inform
Cameroon’s DRP, it also provides a baseline point for disaster risk assessment and DRR
research wishing to investigate more nuanced issues of hazard/disaster causality and
impacts and the appropriate risk reduction and response measures. Nevertheless, a fuller
picture of Cameroon’s risk profile will also require vulnerability assessment involving the
population and physical asset exposure and susceptibility to hazards.

7. Conclusions

This article has profiled the main identifiable types of hazards in Cameroon. The
hazards have been classified under a suitable hazard group (natural hazards, potentially
socio-natural hazards, technological hazards, and social and anthropogenic hazards), and
their occurrence and impacts analysed with examples of past hazard /disaster incidents.

The hazards profiled are single or discreet events, but some occur annually, and
their impacts can produce cascading and/or secondary and tertiary effects with potential
long-lasting consequences to the “at risk” population. The spatial scale and range of
the hazards/disasters show that while many of the rapid-onset, devastating and most
conspicuous hazardous incidents are associated to natural, environmental, or potentially
socio-natural processes, socio-economic and political issues without and within the country
are other drivers and triggers of disaster risks.

Ideally, a country’s risk profile should provide a comprehensive view of its hazards,
vulnerabilities, exposure, and capacities. This has not been achieved in Cameroon albeit
necessary considering the identified resistance to the effective implementation of DM/DRR
within Cameroon’s contemporary DM system [9]. This article is one step towards achiev-
ing that goal since it does an inventory of hazards/disasters, their occurrence, impacts,
examples of incidents and potential mitigation measures.

By providing a hazards inventory and highlighting their causation/origin, and conse-
quences with examples, hazardous incidents that may be of peculiar interests for further
risk assessment have been highlighted. Furthermore, the multi-hazard profiling could
guide prioritisation for future response and risk reduction interventions. This article could
be the bases for later in-depth hazard/disaster or risk profiling research in Cameroon. For
instance, to analyse earlier hazard and/or disaster losses or to gauge the effectiveness of
DRR measures being implemented for various hazardous incidents. By providing data
on hazards in Cameroon, this article also facilitates risk assessment since data on hazards,
including vulnerabilities and losses strengthens the reliability of risk assessment, thereby
enhancing measures to counter disaster risks [149].

The hazard spectrum presented in this article are by no means exhaustive. Considering
that Cameroon is prone to multiple hazards/risks that occur simultaneously at various
scales all over the country, this research complements the few other studies that have been
conducted to profile individual hazards in Cameroon. Reading/researching the other
hazards/risks not discussed in more detail in this article, if information can be found on
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them, will provide a more comprehensive picture of DRP in Cameroon. Hopefully, this
article will facilitate the production of a more nuanced hazard/DRP for Cameroon.
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