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Figure 2: Study location, AOI (red line) and the locations of Cha, Nyos, Subum, and
Buabua (green points).

1.2 Overview of Recent Socio-economic and Political History of

Cameroon

The Republic of Cameroon has a population of about 23 million and is known
for its cultural and environmental diversity (CIA, 2017). Often called “Africa in
miniature”, French and English are the official languages of Cameroon though West

African Pidjin English and at least 240 national languages are also spoken (Biloa &



Echu, 2008; Republic of Cameroon, 2018). The country is divided into ten
administrative regions, the Extreme-North, North, Adamawa, East, Center, South,
Littoral, West, Southwest, and Northwest. Cameroon ranks 153rd out of 188 countries
on the global human development index (HDI) scale putting the country in the low
human development category (UNDP, 2016). The 2015 HDI for Cameroon, 0.518, is
below the 0.523 average HDI for countries in Sub-Saharan Africa; however it is above
the 0.497 average of countries in the low human development category (UNDP, 2016).

The Southwest and Northwest Regions are anglophone and the rest of the
regions are francophone. There are more than 240 ethno-linguistic groups in Cameroon
that are part of the three main language groups, the Bantu, the Semi-Bantu, and the
Sudanese (Republic of Cameroon, 2018). A variety of religions are practiced in
Cameroon, the two most prevalent being Christianity and Islam. Many people practice
animism and other traditional belief systems in conjunction with their Christian,
Islamic, or other non-traditional beliefs.

In the 15th century, Portuguese traders established contact with the area that is
now Cameroon and though no permanent settlements were maintained, slaves were
purchased from the local peoples (Worger et al., 2010). In 1884, the region came under
German rule after protectorate treaties were negotiated with local chiefs (Hargreaves,
1990). This region was invaded by French and British forces during WWI. After the
war, former German-controlled Cameroon was divided between the United Kingdom
and France (Hargreaves, 1990).

In 1946, the recognition of emerging political parties established a basis for
Cameroonian nationalism (Atangana, 2010; Lewis, 1965; Ndille & Rose, 2016; Worger
et al., 2010). The Union of Cameroon Peoples (UPC), one of the many emerging
parties, demanded immediate reunification of British-controlled Cameroon and French-
controlled Cameroon along with eventual independence (Konings, 1996, 1999;
Stevenson, 2008). In 1957, the French government created the autonomous state of
Cameroon basing its government on French parliamentary democracy. In 1958, the
Legislative Assembly of Cameroon voted to gain independence by 1960 and obtained

full internal autonomy in 1959. Ahmadou Ahidjo became prime minister of French-



controlled Cameroon and John Foncha became prime minister of British-controlled
Cameroon. Soon Foncha and Ahidjo were discussing the possibility of unification upon
attaining independence (Achankeng, 2015; Konings & Nyamnjoh, 2003).

On January 1, 1960, Cameroon became an independent republic and in April
1960, Ahidjo's UPC party won a majority and Ahidjo, who ran unopposed, was elected
president. During 1960, discussions between Foncha and Ahidjo continued, and a
future federation was tentatively outlined. In 1961, a vote organized by the United
Nations was held in British-controlled Cameroon and the people chose either to be part
of the independent Nigerian state or to be reunified with the independent Republic of
Cameroon. The predominantly Muslim northern section of British-controlled Cameroon
voted to join Nigeria and the largely Christian southern section voted to join the
Republic of Cameroon, which then became the Federal Republic of Cameroon
(Konings & Nyamnjoh, 1997, 2003). The previously British-controlled part of
Cameroon became known as West Cameroon and the French part as East Cameroon.
Ahidjo accepted the federation, considering it a stepping stone towards full
reunification (Konings & Nyamnjoh, 2003). The federal constitution was adopted, with
Ahidjo as president and Foncha as vice president. Buea became the capital of West
Cameroon, while Yaoundé¢ doubled as the federal capital and the capital of East
Cameroon (Figure 3). East Cameroon and West Cameroon retained substantial
autonomy and continued following the rules and laws of their respective colonizers

(Konings & Nyamnjoh, 2003).



CAMEROON

Maroua
™)

°
Garoua

Ngaoundéré
L ]

eBamenda
.
Bafoussam
Buea b
LIPS Bertoua
Bight of ,
Sy Douala “yaoundé
Biafra

[ ]
Ebolowa

100 km @ OCHA

Map Sources: UNCS, OCHA.
The boundaries and names shown and the designations used on this map do not imply official
endorsement or acceptance by the United Nations. Map created in Nov 2011

Figure 3: Map of regional capitals in Cameroon. Map provided courtesy of the UN
Office for the Coordination of Humanitarian Affairs. (Retrieved from

https://reliefweb.int/map/cameroon/cameroon-location-map-2013).

In 1972, a new constitution replaced the federation with a unitary state called
the United Republic of Cameroon (Figure 4). In 1975, Paul Biya was appointed vice
president. Ahidjo resigned as president in 1982 and was constitutionally succeeded by
Biya. Ahidjo later regretted his choice of successor and in a coup in 1984, his
supporters failed to overthrow Biya (Akum, 2009). Biya won single-candidate elections
in 1983 and 1984 and the country returned to being named the Republic of Cameroon.
According to the U.S. Department of State Cameroon Human Rights Reports from

2011 and 2017, Biya has remained in power, winning non-transparent multiparty
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elections in 1992, 1997, 2004 and 2011. His Cameroon People’s Democratic

Movement (CPDM) party continues to hold a sizeable majority in the legislature.
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Figure 4: Cameroon's changing borders throughout recent history. "Cameroon

boundary Changes" by Roke is licensed under CC BY-SA 3.0.

Politically, Cameroon is a republic in which the presidency has a central role in
terms of political power and has control over all branches of the government
(Department of State, 2017). Although the country has a multiparty system, the CPDM
has remained in power since its foundation in 1985. Paul Biya has been president of
Cameroon since 1982 (Department of State, 2017). The government of Cameroon is
centralized, each subsequent level of government has less and less decision making
power; most decisions for villages, subdivisions, divisions, etc. are made at higher

presiding levels (Bang, 2009, 2012, 2013, 2014).
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2. Background
2.1 Previous Work

The LND inspired many scientists and researchers to delve into various aspects
of the disaster, hazard, and its effects. The largest portion of these studies focus on the
hazard’s origin, trigger mechanism, and the composition and structure of the gas and
water in the lake. Initial studies conducted on the disaster and its origin detailed the
extent of the gas flow and found that the gas released was primarily CO, originating
from a deep-seated magmatic source beneath the lake (Baxter & Kapila, 1989; Baxter
et al., 1989; Morin & Pahai, 1986; Tuttle et al., 1987). The chemical and medical
evidence from investigations conducted after the disaster showed that the victims died
of CO, asphyxiation (Baxter & Kapila, 1989; Baxter et al., 1989; Kling et al., 1987). It
was also determined that although the CO; is originating from a magmatic source, the
release of gas was not directly caused by volcanic activity (Aka, 2015; Tuttle et al.,
1987).

In order to better understand the hazard, researchers considered the trigger
mechanism that caused the eruption as well as the composition of the gas and lake
stratification. Studies considered internal and external mechanisms such as landslides,
turnover, volcanic eruptions, seasonal mixing and density inversion (Chau et al., 1996;
Cotel, 1999; Kling et al., 1987; Kling et al., 1994; Touret et al., 2010; Tuttle et al.,
1987). Little consensus exists on the exact trigger mechanism for the 1986 gas release,
though a small landslide is often cited as a possible cause. It is, however, usually agreed
upon that a disruption of the lake’s stratification decreased pressure on the bottom
layers and released the gas (Kling et al., 1987; Tuttle et al., 1987). Additionally,
subsequent studies found that gas continues to accumulate in the bottom water of the
lake, creating a potential hazard (Evans et al., 1993; Evans et al., 1994; Nojiri et al.,
1993). Sano et al. (1990), Nojiri et al. (1993), and Kusakabe et al. (2000) all found that
though there was a continuous influx of CO, into the lake, the gas build-up process is
not dominated by a steady-state flux and that this makes it difficult to estimate how

often degassing events might occur.
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Numerous studies considering mitigation approaches and various modeling
techniques examine possible hazard reduction strategies. Degassing the lake was
suggested immediately after the LND and was followed up with studies investigating
the safety of possible procedures and methods (Evans et al., 1993; Evans et al., 1994;
Kling et al., 1987; Kling et al., 1994; Kusakabe et al., 2000; Tuttle et al., 1987). Later,
Schmid et al. (2006) also examined CO, concentrations and stratification in the lake to
determine the effect of the degassing mitigation strategy. Results showed that without
degassing the CO, would reach levels as high as or higher than pre-disaster levels.

Mapping and modeling of the LND gas flow was done after the disaster in order
to assist possible mitigation efforts (McCord & Schladow, 1998; Pierret et al., 1992).
More recently studies attempting to model the LND and possible future gas releases
been done using a variety of computer and weather prediction modeling techniques
(Burton et al., 2017; Costa & Chiodini, 2015; Folch et al., 2017). These models have
variable levels of success in matching the dispersion pattern of the gas during the LND.
The mapping and modeling studies, along with considering possible mitigation efforts,
also investigate exposure. Work done shortly after and since the disaster probes into
risk due to exposure to the hazard (Baxter & Kapila, 1989; Baxter et al., 1989; Le
Guern et al., 1992; Tchindjang, 2018). These studies consider risk based mainly on
physical exposure and less on vulnerability and how that affects the disaster risk. The
survivors’ vulnerability at the time of the disaster was examined by Shanklin (1988,
1989) and Le Guern et al. (1992). Their studies found that many survivors lost their
livelihoods and social support networks in the disaster. Bang (2008, 2009, 2012, 2013,
2014, 2016) has delved deeper into social vulnerability in the Lake Nyos area than
many of his predecessors. He also conducted a study on social vulnerability in the Lake
Nyos area using the Sustainable Livelihoods framework. This framework however does
not equally consider the hazard and vulnerability, both of which are important aspects
of DR. Bang’s work has shown that the people’s vulnerability and the disaster risk in
the area are formed by a variety of factors and stresses the importance of addressing

more than the physical hazard.
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2.2 The 1986 Lake Nyos Disaster (LND)

2.2.1 The Event

On the night of August 21st 1986, a limnic eruption occurred at Lake Nyos,
which released a dense cloud of CO, into the surrounding valleys (Kling et al., 1987).
The gas mainly affected the villages of Nyos, Cha, and Subum and the surrounding
areas. The disaster caused the deaths of over 1,700 people and displaced more than
4,000 others (Tuttle et al., 1987). Livestock and local fauna were also significantly
impacted, about 3,500 cattle died as well as many other domesticated and wild animals
(Tuttle et al., 1987). This was a significant loss for the people living in the area since
agriculture and cattle grazing were the main livelihoods for a substantial portion of the
population. In a single night many people living in the Nyos area lost both their
livelihoods and their families.

The morning after the disaster people from neighboring villages, outside the
affected area, discovered that something had happened and began to assist survivors.
The area was evacuated; survivors who were able fled the arca while others were
assisted by people from neighboring, unaffected villages, missions, and the
government. It took longer for a formal response because of the area’s relative isolation
and distance from cities with suitable resources. The government and NGO responders
arrived a few days after the disaster and, over the next days and weeks, finished

evacuating the area and burying the dead.

2.2.2 Response and Management

Disaster management in Cameroon is very centralized (Bang, 2012, 2014). The
response and management of the LND started at the national level with a presidential
decree creating a National Committee for the Reception and Management of Relief
Aid. Then a ministerial decree created provincial committees, one in Douala to manage
foreign aid and another in Bamenda to manage national aid coming into the region
(Bang, 2012). International and local NGOs were not included in the committees
(Bang, 2012; Othman-Chandev, 1987). At the regional level, the disaster was managed

by a government committee overseen by the governor of the Northwest Region in
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Bamenda. Then at the divisional level, a committee was formed and was directed by the
senior divisional officer (SDO) of Menchum in Wum. This committee was finally
responsible for the evacuation of survivors from the disaster zone (Bang, 2012;
Othman-Chandev, 1987). The official response and evacuation was able to begin a few
days after the eruption, when it was determined that the area no longer posed any
immediate risks. The military was also deployed to the disaster zone to assist since they
had vehicles that could handle the poor road conditions (Bang, 2012; Krajick, 2003;
Othman-Chandev, 1987). Since the Nyos area did not have health facilities, many of
the survivors were taken to the hospital in Wum, Nkambe, and other villages farther
along the Ring Road.

After the evacuation, the government and local people worked to bury all those
who had died and the survivors were housed in temporary tent camps (Bang, 2009).
Daily necessities were provided for the survivors by missionaries, international aid
organizations, local citizens, NGOs, and the government of Cameroon. Two years after
the disaster, resettlement camps were established by the government with assistance
from non-governmental organizations and individuals to relocate the survivors from the
affected villages and the surrounding area to safe areas outside of the disaster zone. The
permanent resettlement camps were built and the survivors were moved into these
about two years after the disaster had forced them from their homes (Bang, 2009).

In the decades following the disaster, the government and international aid
continued sporadically. According to some interviews with community members, aid
stopped coming a few years after the disaster and is no longer being distributed. This, in
addition to perceived benefits of living in the villages near the lake, has prompted many
of the survivors to move back to the disaster zone (Bang, 2009; Bang & Few, 2012).
Though the disaster zone was reopened for habitation by the government in 2014, most
of the survivors who have moved back did so long before this announcement and only a
few interview respondents were aware of the announcement.

Disaster response tasks for the LND were inhibited by the lack of agency
capacity as well as the distance of government agencies and their resources from the

lake. The disaster spurred the government to strengthen its disaster aid and response
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capabilities. However, the government agencies are still very centralized and this makes
them less effective in mitigating and responding to hazard events (Aka et al., 2017;
Bang, 2012, 2013, 2014; Gaston et al., 2012).

In Cameroon, the responsibilities of disaster and risk management are shared by
several agencies that work in conjunction with international organizations, NGOs, and
scientists (Tchindjang, 2018). The hierarchy of these agencies and organizations, as
described by Tchindjang (2018), is depicted in Figure 5. The Directorate of Civil
Protection (DPC) manages response efforts and coordinates between the necessary
administrations. However, the Department of Civil Protection of the Ministry of
Territorial Administration and Decentralization (DPC/MINATD) is the organization
that actually works with and coordinates disaster management with the various other
agencies. The offices and agencies that collaborate on disaster management and
response are the Institute of Geological and Mining Research (IRGM), the National
Institute of Cartography (INC), the Ministry of Public Health (MINSANTE), and the
National Fire Brigade Corps, not to mention various UN, WHO, and Red Cross
representatives (MINATD/DCP, 2009; Tchindjang, 2018).

General Secretariat]
of the Presidency

National Civil
Protection Council
(NCPC)

[ |
National Directorate of Civil Protection (DPC) at
Obf.ervatory of Ministry of Territorial Administration and
Risks (NOR) Decentralization (MINATD)
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Figure 5: Hierarchy of disaster management in Cameroon.
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2.2.3 Mitigation

After the disaster, it was determined that the lake still posed a threat to people
living in the areas surrounding the lake, which led to the suggestion that the lake be
degassed in order to mitigate the hazard (Tuttle et al., 1987). Studies showed that the
level of CO, in Lake Nyos was quickly increasing. It was estimated that within 15 - 30
years the lake would be recharged with more CO, than was present before the LND
(Evans et al., 1994; Kantha & Freeth, 1996; Kling et al., 1994; McCord & Schladow,
1998; Nojiri et al., 1993). Although suggested at the time of the disaster, degassing did
not start for another 15 years (Evans et al., 1993; Evans et al., 1994; Kling et al., 1994;
Kusakabe et al., 2008).

In 2001, with the CO, at its highest recorded level, degassing began at Lake
Nyos (Kusakabe, 2017). The project started with one degassing pipe though it quickly
became clear that more pipes would be needed to mitigate the hazard (Halbwachs &
Sabroux, 2001; Halbwachs et al., 2004; Kling et al., 2005; Schmid et al., 2006). Two
more pipes were installed in 2011 which reduced the total gas content to 40% of the
level it was in 2001, though there was still a significant amount of gas in the lake
(Evans et al., 2012).

Since the disaster, the technical management of the CO, hazard and the
degassing has been conducted by international organizations and scientists in
collaboration with Cameroonian agencies and scientists (Bang, 2012; Kusakabe, 2017;
Tchindjang, 2018). Technical expertise of the hazard is provided by Cameroonian
scientists and research institutions based in Yaoundé and they remotely monitor the
lake from there.

The government disaster managers focused on the technical aspects of the
disaster during its management and mitigation, though local groups and organizations
near the disaster area noticed that the survivors had suffered great socio-economic
losses that were not being addressed. They were now living in poorer conditions, their
family ties and social networks had been broken by the disaster, and that the small

parcels of land allotted to each family living in the camps had created tensions over
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farming space (Bang, 2012). These socio-economic factors of vulnerability have yet to

be fully addressed.
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3. Methods

Disaster risk (DR) is the interaction of a hazard with a vulnerable population;
therefore both the specific hazard and vulnerability were characterized for this study. It
is necessary to examine these two sets of opposing factors of DR in order to understand
how it is constructed and what DRR measures might be most effective. Individual
interviews and participant observation were used to gather data for the vulnerability
analysis while satellite images were used for the hazard analysis. Literature review and
primary document review were used to gather data for both analyses. The Pressure and
Release model and Access model were used to analyze the vulnerability of the LND
survivors. The gas hazard was analyzed using an adapted LAHARZ model in
MATLAB R2018a and ArcMap 10.5.1. The results of the vulnerability and hazard
analyses were used to rank the various factors of survivor vulnerability and the gas

hazard and used with a risk matrix to determine DR.

3.1 Data Collection

The researcher lived and worked in Cameroon for just over two years as a Peace
Corps Volunteer (PCV). For more than a year and a half of that time the researcher was
located in Bamenda in the Northwest Region. During that time the researcher made
frequent trips to villages in and around the Nyos area. On these trips the researcher
collaborated on various projects with other PCVs and local schools, NGOs, farmers,
and farming groups.

Interviews for this study were conducted over eight weeks, from October to
November 2015, in the Mezam, Menchum, and Boyo Divisions of the Northwest
Region of Cameroon. These divisions contain the villages, resettlement camps, and
offices of government and non-governmental organizations where interview
respondents were living and working. The research project [#799717-1] was approved
through expedited review by the Michigan Technological University Institutional
Review Board (IRB). There were 88 semi-structured interviews conducted to

investigate the circumstances, actions, and perceptions of the survivors of the 1986
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Lake Nyos Disaster (LND). In addition to interviews, field and participant observation
and review of literature and primary documents were used to gather data for the study.
Interviews were done individually with survivors of the LND living in the three villages
most affected by the disaster, the seven resettlement camps, as well as with government
and NGO representatives who were or have been involved in the management of the
LND.

The interview guide was made up of ten open-ended questions (see Appendix
A). Respondents discussed their personal and survivor perceptions of the formal and
informal responses, management, and mitigation of the LND as well as their personal
and survivor actions and circumstances before, during, and since the disaster. The guide
was adjusted for the individual interviews with government and NGO representatives
so that they could assist in verifying the timeline of events and clarifying the level and
nature of their personal and organizational involvement in the disaster response and
management. To ensure the protection of each respondent’s confidentiality, all of their
identities were coded and no personally identifiable information was collected. RCA
Digital Voice recorders were used to record the interviews for translation and
transcription later on.

The interviews were conducted in English, West African Pidjin English,
Fulfulde, and Hausa. This way the respondents could hear and respond to the questions
in a language with which they were comfortable. Two local translators, who are fluent
in these languages, were trained by the researcher and assisted with conducting and
translating the interviews. The researcher was present at every interview to observe and
take notes as well as certify that the IRB approved project protocol was properly
conducted. The translators were employed to ensure accurate translation and
interpretation of the interviews as well as to assist with proper conduct of local
protocols, which often varied between communities and ethno-linguistic groups within
the study area.

The interviews utilized open-ended questions and “snowball” sampling
techniques to obtain a wider variety of viewpoints and larger number of qualified

respondents. The interviews used open-ended questions to allow respondents to talk
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about what they know and not be influenced by the researcher’s opinions (Morgan et
al., 1992). This method allows respondents to discuss a topic as much or as little as they
wish and to feel free to share any information that they feel is relevant or important
even beyond the exact topic of the question. It also allows the conversation to carry on
longer when a respondent has more information or knowledge about a certain topic.
The sampling method, “snowball” sampling, is done by asking key individuals and
respondents to suggest people who may be good candidates for the research until no
new candidates are suggested (Bernard, 2006). To incorporate a wider variety of
viewpoints, men and women of each ethno-linguistic group present in each location
were interviewed.

Later the transcribed interviews, literature, primary documents, and field notes
were compiled, organized, and coded by hand to identify themes, connections, and to
categorize relevant and recurring information in order to assist with analysis. The
information from field notes, literature and primary document review, participant
observation, and the interviews was compared and cross-referenced. This ensured the

quality and accuracy of the data and information that was collected.

3.2 Vulnerability Assessment

This study used the Pressure and Release (PAR) model and Access model
(Wisner et al., 2004; Wisner et al., 2012) to assess the vulnerability of survivors in
communities in the Lake Nyos area. In the PAR model, the progression of vulnerability
and hazards converge to define the disaster risk of a community. This model considers
a wide range of factors affecting vulnerability and goes beyond physical exposure and
losses. This model is complimented by the Access model, which examines the
circumstances, actions, and responses of a population affected by a disaster event. The
Access model comes in where the progression of vulnerability and hazards meet to
describe and elaborate on how ‘normal life’ is affected and how it changes throughout
the disaster process. The use of these two models allows for the consideration of
different factors that affect vulnerability in the study area and which factors play the

largest role in that vulnerability. Data for the models came from the interviews, field
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notes from participant observation, literature review, and primary documents. An open
coding process that utilized inductive and deductive thematic analysis was used to
identify themes and common threads and ideas in these data sets (Elo & Kyngds, 2008;
Fereday & Muir-Cochrane, 2006). First inductive coding was used to elicit data-driven
themes. Then, to ensure that all relevant points had been described, the data sets were
coded again deductively using themes from the original PAR model, Access model,

interviews, field notes, and literature.

3.2.1 PAR Model

The PAR model (Figure 6) has two converging sets of factors: the progression
of vulnerability and the hazard. The progression of vulnerability has different levels of
causal factors. At the overarching level are the root causes, resulting in dynamic
pressures at an intermediate level, and fragile livelihoods and unsafe locations at the
local level.

The analysis began at the point of convergence; the unsafe conditions were
described and enumerated using the various coded data sets. The fragile livelihoods and
unsafe locations were examined first because they are the links between socially
produced vulnerability and hazards. The local level factors are also the most apparent
since they directly affect daily life and decision-making. Continuing outward, in the
opposite direction of the progression of vulnerability, the dynamic pressures were
assessed in the same manner as the unsafe conditions. The dynamic pressures help
explain and underscore the impact of root causes on current unsafe conditions. The root
causes were examined last since a large part of the information needed for these factors
came from literature review. It was also helpful to understand the way these factors
have established a foundation and produced the dynamic pressures, macro-forces, and

unsafe conditions in the area.
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Figure 6: PAR model from Wisner et al. (2012).

The PAR model was used for identifying and classifying the different factors
affecting survivor vulnerability in the Lake Nyos area. By considering these factors this
way, a “chain of explanation” can be seen and examined. The model helps discover
how the vulnerabilities affecting risk are manifesting. This information can help
determine possible courses of action for DRR as well as ensure that mitigation and

DRR strategies that are attempted address the underlying causes of local vulnerability.

3.2.2 Access Model

The Access model (Figure 7) was used to organize and examine the anecdotal
evidence from interview data. This model was used to investigate how the respondents’
lives and livelihoods were affected by the LND and at what point in the disaster process
these aspects were affected. The Access model shows how different vulnerability

factors and resource access from the PAR model are affected during a disaster event.
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By examining these changes, the factors that are the more fragile factors can be
identified. Data from interviews, participant observation, and literature review were
used to examine how the disaster affected various aspects of survivors’ lives at the
triggering of the disaster and during the disaster in process.

The Access model is iterative which allows each iteration of the disaster process
and its effects on resource access and livelihoods to be studied. There are four general
stages depicted in the model and described by Wisner et al. (2004). The first stage is
‘normal Life’ (Boxes 1 & 2); the combination of unsafe conditions and livelihoods,
level of access to resources, how resources are used, and decision-making on potential
investments. Social relations and structures of domination act on and construct ‘normal
life’ and unsafe conditions. The trigger event (Box 5) occurs when the time and space
factors of the gas hazard (Boxes 3 & 4) and ‘normal life’ come together in the second
stage. This stage is the transition to disaster (Box 6) where the first impacts, after being
counteracted by any available social protections, start to affect the various aspects of
‘normal life’. The third stage is the disaster in process (Box 7), which considers the
reactions and coping strategies that are used to adapt to new conditions. The new
conditions, coping strategies, and social protections then interact with interventions and
actions taken for disaster reduction (if any) in stage four (Box 8). Stage four starts a
new cycle with ‘normal life’ now including the changed or addressed factors. It
describes the new combination of unsafe conditions and livelihoods, level of access to
resources, investment opportunity decisions, and how resources are used. The outcome
can be a safer, more secure ‘normal life’, one that is essentially equivalent to life before
the disaster, or a less safe and secure life. In other words, the vulnerability of a
population may decrease, stay the same, or increase through each iteration a disaster
event. The features of the new ‘normal life’ depend on which actions are taken or not
taken to improve safety and secure livelihoods after a disaster.

Since the Access model is iterative, it was used to observe the changes in access
to resources and livelihoods of survivors during and after the LND. It was also used to
observe the potential effects of the modeled gas eruption scenarios on current, survivor

vulnerability in the Nyos area.
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Figure 7: The Access model from Wisner et al. (2004).

The Access model examines how the survivors’ livelihoods, access to resources,
and decision-making changed throughout the disaster process. The interviews
conducted with the government and NGO workers assisted in relating and connecting
all of the information gathered from the interview data. This model provides the

connecting point between the hazard and the progression of vulnerability.

3.3 Hazard Assessment
This study utilized an adapted LAHARZ model in MATLAB R2018a and
ArcMap 10.5.1 to categorize the gas hazard posed by Lake Nyos. Both the potential
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