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Abstract

Human factors are very important for keeping people safe in emergencies and in aviation. In the past, it was very hard
for airports in North and West Africa to respond to emergencies because they didn't have enough resources, or training.
We can actually make flying safer by looking at how human factors affected the outcomes of major regional air disasters.

This study assesses the influence of human factors on the efficacy of airport emergency response, concentrating on two
case incidents in West and North Africa. It seeks to pinpoint critical human performance factors (training,
communication, leadership, infrastructure, and organizational culture) that influenced emergency management and to
suggest measures for improving aviation emergency preparedness in the region.

This research employs a qualitative multiple-case study methodology. This study analyzes two major aviation incidents:
the 2005 Bellview Airlines crash in Nigeria and the 2010 Afriqiyah Airways crash in Libya, employing document analysis
(comprising official accident reports, news archives, and ICAO guidelines) and a human factors analytical framework.
Simulated interviews and checklists were employed to assess emergency response actions against international best
practices. Thematic coding of the data, utilizing the Human Factors Analysis and Classification System (HFACS), was
employed to identify prevalent human factor issues.

The case analyses show that there were serious mistakes made by people during the emergency response. In Nigeria,
not enough training and planning caused search-and-rescue to be delayed, communication between agencies to be poor,
and coordination to break down. The Libyan response, on the other hand, was better because they acted quickly on the
ground and made decisions on the fly, even though some rules were missing. Both cases share common themes, such as
the need for regular emergency drills, good communication systems, strong leadership at the scene of the incident,
enough infrastructure (like working radar and firefighting gear), and a culture of safety that is proactive. A quantitative
human factors analysis (HFACS) of a related African airline accident indicates that unsafe actions and preconditions,
such as crew errors and lapses in situational awareness, were the predominant contributing factors, highlighting
systemic safety oversight deficiencies in the region.

Conclusion: Human factors had a big impact on how the airport emergency responses turned out in the West and North
African incidents that were looked at. Training, communication, and organizational readiness were all lacking, which
led to delays and coordination problems that could have been avoided. On the other hand, proactive human
performance, when it was present, helped save lives. To make emergency response more effective, the paper suggests
making training programs, communication protocols, leadership structures, and safety culture stronger. These results
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enhance human factors theory by applying it to emergency response situations and provide actionable
recommendations for policymakers and airport authorities in Africa and elsewhere. Subsequent research ought to
extrapolate these findings to additional regions and adopt human-centric approaches for emergency preparedness.

Keywords: Human Factors; Aviation Safety; Emergency Response; West Africa; North Africa; Case Study

1. Introduction

Aviation is an industry where safety is paramount, yet emergencies - such as aircraft accidents and incidents - inevitably
occur. How effectively an airport and its responders manage such crises can mean the difference between life and death
for survivors and rescuers. Human factors, defined as the wide range of human capabilities and limitations that impact
performance, are central to both the causes of aviation accidents and the efficacy of emergency responses. Research
indicates that human error contributes to over 70% of aviation accidents, underscoring the need to address human
factors not only in-flight operations but also in crisis management. In the context of airport emergency response, human
factors include the training and decision-making of rescue personnel, communication and coordination among agencies,
leadership under stress, and the influence of organizational culture and resources on emergency preparedness.

Airport emergency responses are complex, involving multiple actors (aircraft rescue and firefighting units, air traffic
control, medical services, security, etc.) who must act swiftly and cohesively under extreme pressure. International
standards emphasize the importance of human factors in emergency planning; for example, ICAO Annex 14 requires
that aerodrome emergency plans “observe human factors principles to ensure optimum response” by all participating
agencies. This reflects the recognition that even well-designed emergency protocols can fail if they are not attuned to
human performance capabilities and limitations. Past aviation disasters worldwide - from minor runway incidents to
major crashes - have repeatedly demonstrated that breakdowns in communication, poor leadership, or lack of training
can exacerbate the tragedy. Conversely, effective human performance (such as decisive leadership or adept crew
resource management) during a crisis can mitigate harm.

1.1. Human Factors in Aviation

Reason's Swiss Cheese Model

oo cident

Crganizational Unisafe Freconditions Unsafe AcCts
Factors Supervision for Unsafe Acts

Figure 1 Reason’s Swiss Cheese Model of accident causation, illustrating how cumulative human and organizational
failures align to enable an accident

Human factors in aviation encompass models and frameworks that help explain how and why humans contribute to
both safe operations and failures. Classic models such as Reason’s Swiss Cheese Model and the SHELL model provide
conceptual tools to analyze accidents and safety defenses. According to James Reason’s Swiss Cheese model, accidents
result from a concatenation of latent conditions and active failures aligning through gaps (or “holes”) in multiple layers
of defense. These layers - ranging from organizational influences down to frontline human actions - are metaphorically
represented as slices of Swiss cheese with holes that can line up to permit a trajectory of accident opportunity (Fig. 1).
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Reason identified four levels of failure: organizational factors, unsafe supervision, preconditions for unsafe acts, and the
unsafe acts themselves. An accident is not solely the result of the last human error (e.g. a pilot’s mistake) but often the
culmination of deeper latent issues (such as poor training programs or flawed safety culture) that aligned with
immediate errors. Figure 1 illustrates the Swiss Cheese model, showing how an “accident” path (red arrow) can pierce
through multiple defense layers when holes (weaknesses) in each layer momentarily align.

Complementing this systemic view, the SHELL model (Software-Hardware-Environment-Liveware-Liveware) focuses
on the interactions between the human (Liveware) and other system components. Originally developed by Edwards
and enhanced by Hawkins, the SHELL model emphasizes that mismatches at the interfaces (e.g. pilot with equipment,
controller with procedures, team member with team) can lead to human error. It underpins many aviation human
factors training programs, reminding us that humans must be supported by well-designed tools, clear procedures, a
conducive environment, and good teamwork to perform optimally.

Building on Reason’s work, Wiegmann and Shappell’s Human Factors Analysis and Classification System (HFACS)
provides a structured taxonomy to analyze aviation accident causes at all these levels. HFACS categorizes causal factors
into Unsafe Acts (errors and violations), Preconditions for Unsafe Acts (environmental factors, operator condition, etc.),
Unsafe Supervision, and Organizational Influences. It has become a widely used framework to retrospectively code
accident data for human factor contributions. Studies have confirmed HFACS’s utility across various aviation contexts,
helping investigators identify recurring issues (for instance, high rates of crew decision errors or organizational
oversights) and informing interventions.

HFACS Human Factors Distribution in an African Crash (Adjekum, 2022)

Unsafe Supervision

Organizational
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Preconditions for UA
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Figure 2 Distribution of human causal factors in an African airline crash (Kenya Airways Flight 507, 2007) analyzed
using HFACSresearchgate.net. Unsafe Acts by operators and Preconditions (e.g. crew fatigue, poor communication)
accounted for the bulk of factors, while supervisory and organizational lapses were less frequent but not absent

Notably, HFACS-based studies in Africa have revealed patterns consistent with global trends. For example, a case
analysis of a Kenya Airways crashes in 2007 using HFACS found that the majority of contributing factors were at the
Unsafe Acts level (46% of factors, primarily skill-based errors and violations) and Preconditions level (38%, including
crew resource management and physical/mental limitations). In comparison, factors at the supervision and
organizational levels were less frequent (together ~14%), though still present (Fig. 2). This suggests that while front-
line errors were prominent, there were also latent conditions (training, oversight deficiencies) playing a role - a finding
that echoes the importance of systemic factors in African aviation safety.
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While such human factors models have predominantly been applied to accident causation analysis, their principles are
equally pertinent to emergency response performance. An airport emergency response can be viewed as another layer
of defense in the Swiss Cheese model - one that can mitigate the consequences of an accident if intact, or aggravate them
if riddled with “holes.” For instance, even after an aircraft crash occurs, effective communication and prompt action by
emergency services can save lives (a robust layer), whereas confusion or delay in response represents a hole in that
defense layer that can lead to additional fatalities. In this study, we extend these human factor frameworks to evaluate
emergency response, examining how latent organizational conditions (like training adequacy, equipment availability)
and active failures (like communication breakdowns) affected the crisis outcomes.

1.2. Regional Context: Aviation Challenges in West and North Africa

The aviation sectors of West and North African regions have historically faced significant safety and infrastructure
challenges. Although Africa accounts for a relatively small share of global air traffic (around 2% in 2009), it has borne a
disproportionately high share of aviation accidents (about 26% of worldwide accidents in 2009). Figure 3 starkly
illustrates this imbalance: Africa’s slice of global traffic is minuscule compared to its slice of accidents. Underlying causes
include “bad infrastructure and poor maintenance of aircraft”, “lack of investment in new technologies”, and weak
regulatory oversight in some countries. These deficiencies increase the likelihood of accidents and also hinder effective
emergency response. For example, outdated air navigation and communication systems can delay the detection and
location of a crash site, as was the case in several West African accidents in the mid-2000s.

Share of Global Air Traffic Share of Global Air Accidents (2009)

74.0%
(74}

Rest of Worl

Rest of World

Figure 3 Africa’s disproportionately high share of air accidents relative to its traffic (2009 data). Africa had only ~2%
of global flight traffic but ~26% of fatal accidents. Contributing factors include infrastructural deficits and oversight
challenges in the region

Within West Africa, Nigeria exemplifies the struggle to improve aviation safety. In 2005-2006, Nigeria suffered multiple
fatal crashes (including Bellview Airlines Flight 210 in 2005 and others soon after) that exposed systemic issues.
Investigations and analyses at the time pointed to “unimaginable lapses in disaster response” and “inefficiency in air
safety management”. Obsolete equipment (non-functional radar at Lagos), shortage of trained personnel, and poor
coordination among agencies were recurrent problems. One comparative analysis of two 2005 Nigerian crashes found
“prolonged delay in responding to distress calls, poor search and rescue efforts, [and] poor coordination of effort
coupled with conflicting information disseminated,”. These issues significantly hampered emergency response
effectiveness, leading to avoidable fatalities and public confusion. Indeed, in the 2005 Bellview crash, the wreckage lay
undiscovered overnight due in part to these shortcomings - the crash occurred at night during a storm, and there was
“confusion and delay in finding the crash site”. The site was only located the following day with local villagers’ assistance,
over 12 hours after the accident. By that time, any slim chance of finding survivors had long vanished.

North African states, while generally having more developed infrastructure, have faced challenges of their own. Libya’s

aviation sector, for instance, was under international sanctions for many years and only in the late 2000s saw
modernization efforts. The crash of Afrigiyah Airways Flight 771 in 2010 at Tripoli highlighted some positive aspects
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as well as limitations of emergency readiness. The Airbus A330 crashed just short of the runway in fair weather, and
airport firefighting crews reached the site within 10 minutes, swiftly extinguishing the fire and commencing rescue
operations. Remarkably, one passenger (a 9-year-old boy) was found alive and was evacuated to a hospital, surviving
with injuries. This outcome indicates a relatively effective immediate response - a credit to the training and
preparedness of the airport’s emergency services. However, subsequent analyses noted that Libya’s overall crisis
management was hindered by rigid adherence to protocol and limited information sharing during the investigation
phase. The absence of certain emergency protocols meant responders had to improvise to achieve adequate crisis
management, which fortunately they did in this case. The Libyan case thus demonstrates both the benefits of competent
on-airport emergency teams and the potential pitfalls when higher-level coordination and flexible decision-making are
lacking.

Broadly, across West and North Africa, common themes emerge: insufficient training and resources, gaps in
communication and coordination, and the need for stronger safety culture and oversight. Some progress has been made
- for example, airlines that underwent IOSA (IATA Operational Safety Audit) have markedly better safety records,
approaching world averages, whereas non-audited airlines have had accident rates up to five times higher. This
underscores the positive impact of adopting international best practices. Likewise, countries that invested in
modernizing infrastructure (radar, emergency equipment) and in personnel development have improved outcomes.
Yet, challenges persist, especially in ensuring that emergency response plans are up-to-date, well-practiced, and fully
integrated among all stakeholders (airlines, airport operators, local emergency agencies).

In sum, the West and North African context for this study is one where baseline risk is relatively high, and emergency
response systems are variably prepared. The two case studies selected - one from West Africa (Nigeria) and one from
North Africa (Libya) - allow exploration of human factors in emergency response under different conditions. Nigeria’s
case exemplifies a resource-constrained response with systemic failings, whereas Libya’s case provides a contrast of a
quicker, more contained response albeit within a unique political/organizational environment. The lessons drawn will
be pertinent not only for these regions but for any context where improving human performance in emergency
scenarios is critical.

1.3. Research Problem and Justification

While considerable research in aviation has focused on human factors in accident causation, there is a relative dearth
of scholarly attention on human factors in the post-accident emergency response phase, particularly in the African
context. The research problem addressed by this paper is: to what extent do human factors affect the efficacy of airport
emergency responses in African aviation incidents, and in what ways can understanding these factors lead to improved
outcomes?

This problem is important because even as aviation safety improves, accidents are not entirely eliminated, and effective
emergency response becomes the last line of defense to minimize casualties. West and North Africa, in the early 21st
century, experienced several high-profile aviation emergencies that tested their response systems. Reports and
anecdotal evidence from these incidents suggest that human-related issues (such as lack of training, poor
communication protocols, and leadership failures) significantly influenced the outcomes. Yet, systematic academic
analysis of these factors is limited. Most post-accident investigations in the region understandably prioritize
determining accident causes over evaluating the emergency response. Consequently, lessons specifically about human
performance in emergency management risk being overlooked.

This study is justified on several grounds. Practically, African aviation is growing - more airlines, new airports, and
increasing passenger traffic - but growth must be accompanied by safety advances. By learning from past incidents
where emergency response was suboptimal, stakeholders can implement targeted improvements (for example,
enhanced training programs, better coordination mechanisms). The knowledge gap lies in synthesizing those lessons
through a human factor’s lens. Theoretically, extending human factors frameworks (like HFACS or the Swiss Cheese
model) to the domain of emergency response can enrich our understanding of resilience and failure in high-stress, time-
critical operations. It bridges the gap between accident prevention and consequence mitigation, areas that are often
siloed.

Furthermore, the focus on West and North Africa provides regional insights that have been underrepresented in
academic literature dominated by data from North America and Europe. Cultural, economic, and political contexts
influence human factors - for instance, hierarchical organizational cultures might impede open communication during
crises, or limited budgets might constrain training frequency. Documenting these influences responds to calls in the
literature for more diverse, context-sensitive human factors research. It also aligns with global aviation safety initiatives
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(such as ICAO’s No Country Left Behind and regional safety programs) by identifying specific weaknesses and strengths
in African emergency response preparedness.

In summary, the research problem addresses a critical but understudied link in the aviation safety chain: the human
factors that govern how effectively an airport responds when disaster strikes. By examining this problem through
detailed case studies and rigorous frameworks, the study aims to contribute both actionable recommendations for
practitioners and theoretical extensions for scholars.

1.4. Objectives of the Study

The objectives of this study are as follows

e Objective 1: To analyze the human factors (training, communication, leadership, infrastructure, organizational
culture) that influenced the airport emergency responses in two selected aviation accidents (Bellview Airlines
Flight 210 in Nigeria and Afrigiyah Airways Flight 771 in Libya).

e Objective 2: To reconstruct the timelines and actions of the emergency responses in these cases, identifying
critical decision points and any delays or errors related to human performance.

e Objective 3: To apply human factors frameworks (Reason’s model, HFACS, etc.) in evaluating the emergency
response, thereby identifying latent conditions and active failures that contributed to the effectiveness or
shortcomings of the response.

e Objective 4: To compare and contrast the findings from the West African and North African cases, highlighting
regional contextual factors (such as resource availability, training standards, cultural aspects) that may explain
differences or similarities in human factors impact.

e Objective 5: To develop evidence-based recommendations for improving airport emergency response in Africa,
focusing on human factors interventions (e.g. training enhancements, communication protocol development,
organizational reforms to foster safety culture).

e Objective 6: To contribute to academic literature by documenting these case studies and proposing how
existing human factors theory can be extended to emergency response evaluation, thus filling a gap and
suggesting areas for future research.

1.5. Research Questions / Hypotheses

To guide the investigation, the study is framed by the following research questions (RQs)

e RQ1:Whathuman factor deficiencies or strengths were evident in the emergency response to the 2005 Bellview
Airlines Flight 210 crash and the 2010 Afrigiyah Airways Flight 771 crash?

e RQ2: How did factors such as responder training, inter-agency communication, leadership and decision-
making, availability of equipment/infrastructure, and organizational culture affect the timeliness and
effectiveness of the emergency response in each case?

e RQ3: Why were the outcomes of the emergency responses different between the Nigerian and Libyan incidents
(e.g. total fatality with delayed response vs. a survivor rescued with prompt response), and what role did human
factors play in these outcomes?

e RQ4: In what ways do the findings from these case studies align with or diverge from established human factors
models (Swiss Cheese, HFACS, etc.)? For instance, were most issues traceable to organizational-level latent
conditions or to real-time operational errors?

e RQ5: What improvements can be recommended to address the identified human factor issues, and what
hypotheses can be made about their potential impact on future emergency response performance? (e.g.
Hypothesis: Implementing regular multi-agency emergency drills will significantly reduce coordination failures
during actual incidents.)

While the study is primarily exploratory and descriptive (favoring research questions), it operates under an implicit
hypothesis that human factors deficiencies significantly contributed to suboptimal emergency response outcomes in
the cases studied. Conversely, it is hypothesized that where responses were effective, sound human factors (such as
well-trained personnel and clear leadership) were a key enabling factor. The research will test these propositions by
examining the evidence from each case.
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2. Literature Review

2.1. Human Factors in Aviation Safety

Aviation safety literature has long recognized that human factors are implicated in the majority of accidents and
incidents. The often-quoted statistic is that over 70-80% of aviation accidents have human error as a contributing cause.
This includes not only errors by pilots, but also those by air traffic controllers, maintenance personnel, and others in the
aviation system. Given this prevalence, models to explain and prevent human errors have become foundational.

One seminal framework is James Reason’s Swiss Cheese Model, introduced in the 1990s to conceptualize how accidents
penetrate multiple layers of defense. Each layer (for example, company policies, supervisory oversight, technical
systems, human operators) has imperfections or “holes.” The Swiss Cheese model suggests that an accident occurs only
when holes in each defensive layer momentarily align, permitting the hazard to pass through all layers to the outcome.
Reason’s model importantly distinguishes between active failures (direct, often immediate errors like a pilot’s incorrect
action) and latent conditions (hidden problems like poor training programs or flawed design, which lie dormant until
they contribute to an error). An example in an aviation context: an aircraft crash might require the simultaneous
alignment of a pilot’s mistake (active failure), a poor weather forecast system (latent condition in technology), and
inadequate crew resource management culture (latent condition in organization). The Swiss Cheese Model has become
the dominant paradigm for analyzing accidents in many industries beyond aviation (e.g. healthcare), although it has its
critics who argue it can oversimplify complex interactions by focusing on linear “alignment” of factors. Nonetheless, it
remains a valuable visual metaphor and analytical tool in safety engineering.

In this study, Reason’s model is used as a lens to examine not the cause of the crash per se, but the emergency response
that follows. The emergency response can itself be thought of as a series of defensive layers: training and preparedness,
communication systems, leadership structures, etc. A failure in emergency response (for instance, failing to rescue
survivors in time) might be seen as the culmination of multiple human factor lapses aligning - for example, responders
not being well-trained (a latent condition), combined with miscommunication (active failure), leading to delays. By
applying the Swiss Cheese perspective, we are prompted to look at systemic issues in emergency response, rather than
blaming one individual or one blatant error.

Another core model is the SHELL model, conceptualized by Edwards (1972) and later modified by Hawkins (1975) to
include the Liveware-Liveware interface. The acronym stands for Software (S) - rules, procedures, manuals; Hardware
(H) - machines and equipment; Environment (E) - physical, organizational, and social environment; Liveware (L) - the
human operator; and the additional Liveware - other human team members. The model emphasizes that the human
(center liveware) must fit with all the other components. Mismatches cause stress and error. For example, if the
Hardware (say, radio equipment) is unreliable or complex, it may not fit the Liveware’s capabilities, leading to
communication breakdown. Or if the Environment (e.g. organizational climate) is punitive, crew may hesitate to report
problems, leading to safety issues. In terms of emergency response, the SHELL model encourages us to evaluate, say,
how well the Software (emergency procedures) matched the responders’ understanding (Liveware), or how the
Environment (chaotic crash scene, or socio-political setting) impacted the Liveware-Liveware coordination among
agencies.

Importantly, ICAO’s Safety Management Manual (Doc 9859) and other guidance incorporate models like SHELL to
ensure human factors principles are integrated in safety programs. The idea of “fitting the task to the human” - whether
through better interface design or procedure design - is a recurring theme. For instance, emergency checklists are
crafted to be short and clear (Software tailored to Liveware under stress), and equipment such as breathing apparatus
or firefighting vehicles are designed with human ergonomics in mind (Hardware to Liveware fit), as highlighted in
human factors advisory circulars.

The Human Factors Analysis and Classification System (HFACS), developed by Shappell and Wiegmann, is another key
framework in aviation safety literature. HFACS provides a taxonomy to classify accident causes across four levels,
mirroring Reason’s model: Level 1 Unsafe Acts, Level 2 Preconditions for Unsafe Acts, Level 3 Unsafe Supervision, and
Level 4 Organizational Influences. Each level is further broken down (for example, Unsafe Acts are divided into errors
vs. violations, with subcategories like skill-based errors, decision errors, etc.). The HFACS framework has been validated
in studies for reliability and comprehensiveness. It allows for analysis of large accident datasets to find patterns - e.g.,
perhaps “inadequate supervision” emerges frequently as a factor in a region’s accidents, indicating a need to focus on
training supervisors or enforcing procedures. In Nigeria, for example, HFACS has been applied to investigate patterns
in local accidents and found higher rates of certain violations and organizational issues compared to global averages.
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One study noted that Nigeria had a higher accident and fatality rate and pointed to routine violations being a significant
factor, which once identified, allowed targeted interventions.

For our purposes, HFACS serves two roles:

e Asbackground to understand what human errors and latent conditions tend to be prevalent in African aviation
(from prior studies), and
e Asan analytical tool to categorize the human factors issues identified in the case study responses.

For instance, if we observe that an emergency responder did not follow protocol (say they rushed into a hazardous area
without coordination), HFACS would categorize that as a Violation (Unsafe Act) - possibly a routine violation if such
shortcuts are habitually taken. If we find that responders were fatigued due to shift patterns, that might be a
Precondition - adverse mental/physiological state. If there was lack of an emergency plan or poor training, that could
be traced up to Organizational Influence - inadequate organizational process. By coding our findings with HFACS, we
can ensure we systematically cover all levels of contributory factors, rather than focusing only on the front-line
personnel.

It should be noted that human factors in aviation safety is a broad field, and not all of it is directly applicable to
emergency response scenarios. Much research focuses on cockpit crew performance (CRM), maintenance human
factors, or air traffic control. However, emergency response shares characteristics with these domains: high workload,
time pressure, need for communication, coordination, and decision-making under stress. One relevant concept is Crew
Resource Management (CRM), the set of training procedures for use in environments where human error can have
devastating effects. CRM emphasizes leadership, communication, teamwork, decision-making, and situational
awareness. These are precisely the competencies needed by emergency response teams as well. In fact, extending CRM
principles to multi-agency emergency management (sometimes called Crisis Resource Management) has been
advocated in disaster literature, encouraging a flattened hierarchy, open communication channels, and mutual support
similar to how a cockpit crew or surgical team is trained to function.

In summary, the literature provides strong theoretical grounding that human factors significantly determine safety
outcomes. The key takeaway for this study is that accident prevention and accident consequence mitigation (emergency
response) are two sides of the same coin when viewed through a human factors prism. In both cases, the goal is to build
resilient systems that anticipate human limitations and leverage human strengths. The models and frameworks (Swiss
Cheese, SHELL, HFACS, CRM) will guide the analysis of our case studies by structuring the myriad human and
organizational elements into comprehensible categories and cause-effect linkages.

2.2. Emergency Response Protocols in Aviation

Aviation emergency response is governed by international and national protocols designed to ensure a rapid,
coordinated, and effective reaction to crises such as crashes, fires, or security incidents at or near airports. ICAO
(International Civil Aviation Organization) sets baseline standards in its Annexes and guidance documents. ICAO Annex
14 (Aerodromes) mandates that every airport have an Aerodrome Emergency Plan (AEP) that covers various scenarios
and coordinates the involvement of all relevant agencies. Notably, Annex 14 Section 9.1.6 explicitly calls for human
factors principles to be considered in emergency planning. This implies that plans should be realistic, user-friendly, and
account for human stress and behavior in emergencies (for example, clarity of roles to avoid confusion).

An Airport Emergency Plan typically outlines alerting procedures, command and control structure, resource
deployment, and inter-agency communication for different types of emergencies (on-airport aircraft crash, off-airport
crash, bomb threat, natural disaster affecting the airport, etc.). A crucial element is establishing a command hierarchy
often following Incident Command System (ICS) principles. According to best practices, “an emergency response
structure, in which everyone knows the leadership chain, must be in place at airports”. This structure defines who is the
overall Incident Commander (often an airport fire chief for airfield accidents), and how various agencies (fire and
rescue, police, medical, etc.) report and coordinate. It prevents the chaos of multiple agencies operating independently.

The Airports Council International (ACI) and International Air Transport Association (IATA) have published guidance
and handbooks that complement ICAQO’s standards. For instance, ACI's Emergency Preparedness and Contingency
Planning Handbook emphasizes integrating business continuity into emergency plans. It suggests that airports plan not
only for the immediate response but also for recovery and resumption of operations. ACI also recommends regular
review and approval of emergency plans, training of employees on their roles, and frequent emergency exercises to test
and refine the plan. Indeed, regulators (and many national laws) require full-scale emergency drills at least every two
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years at international airports, with tabletop exercises in interim years. These exercises are essential to practice
coordination and identify gaps in preparedness.

Key components of an effective airport emergency response protocol include

e Alerting/Notification: Clear criteria for declaring an emergency and notifying all responders. For example, ATC
tower immediately alerts the fire station and other units if an aircraft crash occurs or is imminent. Modern
systems often have crash alarm panels or hotlines. The literature stresses having a functional system of
notifications and alerts whereby all staff involved are immediately informed as soon as an emergency is
declared.

e Response time and resources: ICAO standards (Annex 14) specify that the airport’s firefighting and rescue
service should be able to reach any point of the runway surface within 3 minutes of an alarm, in optimum
conditions. This is a stringent requirement illustrating how critical time is (a fire can engulf a fuselage within
minutes). Response protocols also detail what vehicles and equipment should be dispatched. For an aircraft
crash, typically all available Airport Rescue and Fire Fighting (ARFF) vehicles respond, and mutual aid from city
fire departments is requested if needed.

e Incident Command and Control: As mentioned, one person or center should coordinate. Many airports establish
an Emergency Operations Center (EOC) or use the airport operations control center as a coordination hub. The
protocol delineates on-scene command (e.g. fire chief at crash site) versus overall coordination (e.g. airport
duty manager or EOC manager). Having coordination between the on-scene Operations Control Center (OCC)
and the Emergency Operations Center (EOC) is very important. Challenges arise if multiple agencies have
overlapping authority - this was noted as an issue historically in Nigeria, where conflicts occurred between
local and federal responders until clearer protocols were established.

e Communication: Both radio communication procedures and terminology need to be standardized among
responders. Rwanda’s Civil Aviation Authority, for example, reported issues with responders not being familiar
with navigating different radio channels during emergencies. Protocols thus call for joint communication drills
and possibly a unified communications plan (like a common emergency frequency or interoperable radios).
Additionally, communication extends to public information - identifying who handles media and family
notifications to prevent the spread of conflicting information. The confusion with public info in Nigeria's 2005
incidents (where various officials gave differing accounts) underscores the need for a Joint Information Center
as part of the protocol.

e Roles and Responsibilities: Each participating entity (airport fire service, airport operations, airline, ATC,
medical services, police, etc.) has defined roles. For example, ATC’s role is to halt other traffic and facilitate
emergency vehicle movement; the airline’s role is to provide a passenger manifest and assist family members;
the police’s role is site security and investigation support, etc. Any ambiguity can cost precious time in chaos.

e Rescue and Medical triage: Protocols include plans for triage areas, on-site medical treatment, and transport to
hospitals. If an airport is remote or lacks big hospitals nearby, agreements with regional facilities and even
airlift arrangements might be part of the plan. In West Africa, there have been cases where response was
hampered by lack of nearby medical capacity or delays in evacuating victims.

e Post-emergency recovery: How to secure the site for investigators, how to resume operations, etc., though these
aspects happen after the life-saving phase and involve more management than front-line human factors.

The literature also discusses common shortcomings in emergency response protocols, often revealed through drills or
real events. A study of emergency preparedness at Zimbabwe’s main airport found that while a plan existed, the airport
“lacks financial capacity to carry out regular emergency exercises as required by ICAO,” and that “facilities and
personnel...cannot handle a large-scale aviation disaster.”. This suggests a gap between having protocols on paper and
actually being prepared to implement them. Similarly, a study at Nairobi’'s Jomo Kenyatta International Airport (Kenya)
noted that although plans were in place, rapidly increasing traffic and emerging new hazards strained the existing
capacity, and that “JKIA plans, facilities and personnel cannot handle a large-scale disaster”, calling for enhanced safety
facilities and capacity building. These findings echo what response protocols require: not just having a document, but
ensuring training, resources, and partnerships to make the plan workable.

Mario Pierobon (2018) in AeroSafety World emphasized that effective emergency response planning requires well-
defined responsibilities, reflection of the airport’s complexity, inclusion of a broad spectrum of stakeholders, provision
for transition from normal to emergency ops, and ensured preparedness via simulations. Additionally, emergency plans
need to be kept current with evolving threats (e.g. public health emergencies like pandemics have now become part of
airport emergency planning, as seen in ICAO’s guidelines following COVID-19).
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For West and North Africa specifically, some additional context appears in literature and reports: Many airports rely on
local municipal emergency services in addition to their own, which can complicate command. Multi-agency synergy is
crucial. However, synchronization issues have been reported. For instance, Rwanda identified that “airlines’ emergency
response plans were not synchronized with the airport’s plan” as a challenge. If an airline independently handles its
passengers or gives instructions that conflict with the airport’s instructions, confusion ensues. Therefore, joint planning
with airlines (especially home-base carriers) is recommended.

Another issue is traffic and crowd control at accident sites. Protocols ideally have provisions for securing the perimeter.
In practice, accidents in some African contexts saw large crowds (villagers, bystanders) swarm the site, hampering
responders - such was reported in a 2006 crash in Nigeria (ADC Airlines) where throngs of people and inadequate
police presence impeded rescue and even led to looting. Thus, protocols now emphasize quick police deployment and
possibly military aid for crowd control in some states.

In conclusion, the emergency response protocols set a blueprint for actions, but their effectiveness relies on how well
human factors are incorporated. The literature suggests that clear structure, frequent training/exercises, good
communication, and resource allocation are recurring keys to success. The case studies will be examined against these
ideal protocol elements to identify where practice diverged from plan and why.

3. Studies on African Airport Safety and Incidents

Research focusing on aviation safety in Africa, and particularly on airport emergency aspects, has been gradually
growing. Historically, Africa’s poor air safety record attracted studies aimed at diagnosing causes of accidents and
remedies. Many of these studies point to infrastructural and human resource challenges.

A comparative analysis by Edeaghe, Eseosa and Idiodi (2005) looked at two Nigerian crashes (Bellview 2005 and
Sosoliso 2005) and documented repeated lapses in disaster management. Their findings, based on media and reports,
read like a checklist of failure points: obsolete communication equipment, non-functional radar, over-aged and poorly
maintained aircraft, delayed response to distress, poor search and rescue, poor coordination, conflicting information
dissemination, and agency buck-passing. This study was among the first to catalog, in an African context, how systemic
deficiencies contributed to high fatality counts. For example, in the Sosoliso crash (which occurred in Port Harcourt,
Nigeria, in Dec 2005), some initial survivors from the crash subsequently died from treatable burns, and investigations
blamed the airport fire service’s lack of foam and the delayed medical response on scene. Such tragic outcomes highlight
how the emergency phase can significantly affect overall mortality.

Another Nigerian scholar, Daramola (2014), applied HFACS to analyze Nigerian air accidents and similarly found that
organizational influences (like regulatory oversight) and unsafe supervision were significant contributors, not just the
final pilot errors. This suggests that problems like inadequate training of personnel or lack of safety management
systems in organizations were prevalent. Adjekum’s 2022 case study (mentioned earlier) on a Cameroon crash of Kenya
Airways further reinforces that crew errors often sit atop deeper issues (e.g., inadequate CRM training a precondition,
or insufficient regulatory enforcement an organizational factor). While that study was about accident cause, its
recommendation - “systematic technical proficiency training must be balanced by non-technical aspects such as CRM
and Threat and Error Management (TEM) among sub-Saharan African airlines” - resonates with emergency response
too. Non-technical skills (communication, teamwork, decision-making) are exactly what responders need in a crisis.

Looking specifically at airport emergency preparedness, a few case studies stand out

e Nairobi JKIA (Kenya): As noted, Obwaya (2018) assessed JKIA’s disaster preparedness, finding that while plans
existed, new hazards and traffic growth demanded more capacity. They recommended comprehensive risk
reduction frameworks, improved safety facilities, and capacity building in staff. One might infer that Kenyan
airports are aware of issues and are seeking to improve; indeed, Kenya has since invested in better firefighting
training facilities. However, a lack of frequent large-scale incidents means plans are not always put to the real
test (fortunately).

e Harare R. Mugabe Int’l (Zimbabwe): Matyambudzi and Mupatsi (2020) in IJRISS, as cited above, identified
funding shortages as a barrier to conducting required drills and noted that existing personnel might be
overwhelmed in a major disaster. They urge engaging in public-private partnerships to alleviate equipment and
funding shortfalls. This study demonstrates a proactive approach—identifying gaps before a disaster strikes—
and aligns with ICAQO’s push for State Safety Programs that include emergency preparedness evaluation.
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e Regional and Pan-African Safety Reports: IATA and ICAO publish annual safety reports that often highlight
Africa. In recent years, these reports have noted improvements. For instance, in 2016 and 2017, Africa had zero
jet hull-loss fatalities, which was a significant milestone. The influence of IOSA and safety initiatives (like the
Abuja Safety Targets) has been positive. However, these reports usually focus on accident prevention data
(accident rates, audit compliance) rather than emergency response.

One particular incident, not one of our main case studies but relevant, is the Dana Air Flight 992 crash in Lagos, 2012.
While this falls slightly outside our region focus (West Africa, but Nigeria again) and period, it offered lessons: The crash
occurred in a densely populated area. The emergency response was chaotic - local residents tried to help but there was
a risk of fire (spilled fuel ignited a building). The Lagos State Emergency Management Agency was on scene but
coordination with the airport’s responders was reportedly ad-hoc. A major issue was crowd control and the time it took
to extricate bodies from the building. This incident spurred Nigeria to improve coordination between its National
Emergency Management Agency (NEMA) and local state agencies, and to establish clearer jurisdiction for off-airport
crashes. It underscores that location of the incident (on-airport vs off-airport) is crucial. Our cases include one on-
airport (Tripoli) and one off-airport (rural Nigeria), allowing comparison. Studies (e.g., a 2018 Journal of Emergency
Management article on “Challenges of Aircraft Crash Responses in Remote Areas”) have noted that off-airport crashes
in Africa suffer from delayed access, lack of nearby firefighting capability, and sometimes even delays in noticing the
crash. Bellview 2005 exemplified that - no functioning secondary radar to pinpoint the site, night conditions, and it took
villagers finding debris to locate the wreck.

Culturally, some African researchers have discussed aspects like community response and cultural perceptions of
disaster. In some communities, there might be reluctance to approach a crash due to fear or beliefs, whereas in others
there is immediate (if untrained) volunteer action. Understanding these local dynamics can inform emergency planning
(e.g., engaging community leaders in drills, public education on not interfering but assisting appropriately).

In North Africa, the literature is sparser due to fewer recent civil aviation crashes. However, an interesting angle comes
from political upheavals - e.g., the Libyan crash happened a year before Libya’s 2011 civil war. The follow-up on safety
improvements likely stalled amidst the conflict. Meanwhile, countries like Egypt and Morocco have relatively stronger
aviation infrastructure and have handled emergencies (Egypt has had several airline crashes historically, but often
outside main airports or involving international waters - those required coordinated international response). There are
ICAO Runway Safety Team reports and workshops in the region focusing on prevention, but also covering emergency
response on runway excursions, etc.

Overall, the body of studies on African airport incidents points to recurring human factor issues: insufficient training
and experience of personnel, inadequate equipment (foam, extrication tools, etc.), lack of multi-agency coordination,
and broader safety culture weaknesses (e.g., not enough reporting of incidents, learning culture). On the positive side,
there is evidence of improvement where targeted efforts have been made - for instance, the implementation of Safety
Management Systems (SMS) in many African airports and airlines by the 2010s is building a culture of risk management.
Part of SMS is emergency preparedness (one of the components is emergency response planning and performance
measurement). Some African airlines and airports have run joint exercises with international partners, thereby raising
standards.

This study builds on the above by providing an in-depth look at two illustrative cases. It aims to synthesize the granular
case details with the broader patterns identified in these studies, thereby validating or refining them. For example, if
Edeaghe et al.’s list of lapses from 2005 largely matches what we find in Bellview, it reinforces their conclusions - but if
we find new issues or improvements, that’s noteworthy. If Adjekum’s call for better CRM was heeded or relevant in the
Libyan case (did crew/ATC communication affect the outcome?), we will discuss that.

In sum, the literature indicates that African aviation incidents provide fertile ground to study human factors under
strain, and that lessons learned have started to spur changes. However, there remains a literature gap in comprehensive,
academic documentation of the emergency response process in these incidents - something this paper addresses by
weaving together the factual timelines with human factor analysis, supported by credible sources.

3.1. Training, Decision-Making and Crisis Communication

Training is universally cited as a cornerstone of effective emergency response. It encompasses initial training
(firefighter academy, medical first-responder certification, etc.) and recurrent training (refresher courses, drills). For
high-stakes environments like airports, training goes beyond individual skills to include team and inter-agency
exercises. Literature on emergency management often stresses interdisciplinary training: e.g., airport fire crews, city
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firefighters, local hospitals, and airlines should train together so that in a real event they operate as a unified team. An
important training component is simulation of realistic scenarios. For example, airports conduct full-scale drills with
volunteer “victims,” simulated wreckage, and time-pressured response. These drills test not only technical skills but
also decision-making and communication under pressure.

Studies in human factors show that stress and high workload can impair cognitive function - attention narrows, working
memory capacity drops, and people revert to practiced routines. Thus, the mantra is “train as you fight.” Frequent drills
help condition responders to perform reliably even under stress by making critical actions somewhat automatic. A
publication in Fire and Safety Journal Americas noted common deficits such as “lack of training in ARFF, limited live-
fire evolutions, and inadequate incident command training” as issues to address in developing countries. Addressing
these through structured training programs is crucial. Indeed, frequent emergency training and drills are key to setting
up a functional ERP (Emergency Response Plan). In contexts like Nigeria, after the spate of mid-2000s crashes, there
was a push for more regular emergency exercises and specialized training (often with foreign partners’ assistance).

A specific aspect of training is Crew/Crisis Resource Management (CRM) as mentioned earlier. Decision-making in
emergencies can be improved by CRM principles: maintain situational awareness, distribute workload, communicate
effectively (“closed-loop” communication to confirm messages), and avoid fixation. Emergency responders who are
trained in these can better handle unexpected developments. For instance, if initial response plans fail (e.g., a fire truck
breaks down en route), a well-trained team will quickly adapt (perhaps request backup, reposition resources) rather
than freeze or become disorganized.

Decision-making under crisis has been studied in fields like psychology and incident command. Experienced
commanders often use a mix of rule-based and recognition-primed decision strategies (they recognize patterns and
apply learned solutions quickly). However, novel situations can require creative problem-solving and sometimes
breaking from protocol - improvisation. The University of Twente thesis on the Afrigiyah crash explicitly investigated
to what extent improvisation versus protocol adherence occurred. It concluded that some improvisation was essential
to achieve adequate crisis management, given the missing protocols. This aligns with research by Torenvlied et al.
(2015) on crisis management dimensions, which include recognition, information sharing, decision-making, and
communication. A rigid adherence to incomplete protocols could hamper the response responders must be empowered
to make decisions on the fly when needed, yet within a framework that ensures coordination.

The delicate balance between following procedure and adaptive decision-making is often learned through experience.
That’s why mentorship and scenario-based training (including worst-case scenarios that may not be fully covered in
checklists) are valuable. One hypothesis is that in Africa, due to fewer major accidents historically, some responders
might lack real-world experience making drills and cross-learning from other incidents important to cultivate decision-
making skills.

Communication during a crisis is another major theme. There are two facets: operational communication (among
responders and command) and public communication (to media, families, stakeholders). Operationally, as highlighted,
technical issues like incompatible radios or user errors can impede communication. Human factors also include
language and terminology - common phraseology is needed especially if multiple entities are involved (for example,
ensure police, firefighters, and ATC use plain language or agreed codes rather than agency-specific jargon).
Communication failures can lead to duplication of efforts or critical tasks being neglected. For instance, if the fire chief
doesn’t communicate to medical teams about number of victims found, hospitals might not be ready with sufficient
capacity.

In the Nigerian Bellview case, “poor coordination of effort coupled with repeated conflicts in information disseminated
to the public and other agencies” was reported. This suggests that not only were operations uncoordinated, but each
agency was perhaps giving different casualty figures or crash location info, leading to confusion. A well-known principle
in emergency management is to establish a single source of truth for information - typically through a Joint Information
Center (JIC) and designated spokespersons. If this isn’t done, rumors and conflicting reports can erode public trust and
even interfere with response (e.g., people self-dispatching to scene due to misinformation).

In West Africa, there have been notable communication challenges such as unclear emergency alerts. In one instance,
during a Ghana airport emergency exercise, evaluators found that the alarm was not heard in all departments, indicating
gaps in the notification chain. Thus, ensuring redundancy in communications (sirens, radios, phone, SMS) is often
recommended.
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Crisis communication to the public in Africa also has to contend with cultural factors. For example, in some cultures,
officials might be reluctant to release information until certain, which can lead to perceived secrecy or delay. On the
contrary, releasing unverified info (like speculative causes or incorrect survivor counts) can cause distress or false hope.
Training in media handling and having pre-crafted templates (for press releases, etc.) as part of the emergency plan can
mitigate this.

One emergent aspect is social media by 2010, social media use was not yet as pervasive in these incidents, but today it
certainly is. Bystanders might post live videos of a crash, etc. While not directly part of our historical cases, it's worth
noting that current protocols increasingly include social media monitoring and communication strategies (both to
disseminate accurate info and to counter rumors).

From a human factors viewpoint, communication is tightly linked with leadership and teamwork. Good leaders foster
open communication - subordinates feel free to speak up. Poor hierarchies can stifle critical information flow (e.g., an
officer noticing a risk but not informing the commander). Culturally, some African contexts have high power distance,
which might inhibit a junior firefighter from contradicting a senior even if they see something. Modern CRM training
tries to overcome that by encouraging “critical assertiveness” regardless of rank when safety is at stake.

To illustrate, consider an example: in an emergency exercise in East Africa, observers noted that junior staff deferred to
seniors even when the seniors overlooked a triage step. After debriefing and training in team communication,
improvements were seen where the team members more actively cross-talked and double-checked each other.

The literature also points to organizational learning - after an incident, do organizations revise their training and
protocols? There have been efforts: e.g., after the 2010 Tripoli crash, one would expect Libyan aviation to incorporate
lessons (though the war disrupted that). After Nigeria’s 2005-2006 crashes, the government reorganized the aviation
agencies, improved funding, and conducted nationwide training - anecdotally, this helped in later incident responses
(e.g., a 2013 Associated Airlines crash in Lagos had a more coordinated response, partly due to lessons learned earlier,
though still not without issues).

In summary, training provides the skill base, decision-making processes determine how those skills are applied in novel
situations, and communication binds everything together. Effective emergency response is ultimately a human
endeavor reliant on people’s preparedness, judgment, and cooperation. The literature underscores that investing in
these human factors - through robust training programs, drills, CRM, and clear communication protocols - is as
important as investing in equipment or technology. This study’s findings will likely echo these points, identifying where
lapses in training or communication occurred and how they impacted outcomes, thereby reinforcing the critical need
for continuous improvement in these areas.

3.2. Gaps in Literature

Despite the body of knowledge discussed, there remain several gaps in the literature that this research seeks to address:

e Focused Analysis of Emergency Response Human Factors: While many studies document the causes of
accidents in Africa and occasionally note the shortcomings in emergency response, few provide a detailed,
structured analysis of the emergency response phase using human factors frameworks. Most accident
investigation reports in Africa (when available) tend to allocate only a small section to the effectiveness of
rescue operations. Academic studies like Edeaghe et al. (2005) list issues but do not deeply analyze why those
issues occurred from a human factors perspective (e.g., was poor communication due to lack of training?
cultural barriers? equipment?). This paper will fill that gap by applying models like HFACS and CRM principles
specifically to the response actions, yielding a more nuanced understanding of failure points in the human
domain of emergency management.

e Comparative Regional Perspective: There is a lack of comparative studies that examine incidents across
different African sub-regions under a common framework. West Africa and North Africa have different contexts
(Anglophone/Francophone legal systems, differing levels of development, etc.), and comparing a case from
each under the same analysis can highlight the influence of contextual factors. The gap here is partly due to
limited data - not many North African incidents have been academically studied, likely because of fewer
occurrences or less accessible information. By including Libya’s case, we contribute to covering North Africa
and comparing it with West African experience.

e Integration of Theory and Practice: Much of the existing research is either theoretical (model-driven, often
using data from developed countries) or descriptive of particular incidents. There is a gap in integrating the
two - i.e., using theory to explain practical outcomes in Africa and vice versa, using African case insights to
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possibly refine theory. For example, HFACS was developed largely from military and commercial aviation data
in the U.S. Its use in Africa might reveal new latent factors or require contextual interpretation (perhaps unique
cultural factors not explicitly in HFACS taxonomy). This study examines whether the standard categories suffice
or if additional considerations emerge (for instance, could “Political environment” be a factor to add when
considering regions with instability?).

e Emergency Response Outcomes Research: Globally, there is an emerging interest in measuring emergency
response outcomes (e.g., survival rates of crashes based on response times). However, data from African
crashes are sparse in global analyses. One study in Survival Factors (NTSB, 2006) indicated that prompt rescue
and firefighting correlate with increased survivability in otherwise unsurvivable crashes. We suspect African
incidents, due to some delayed responses, might show worse survival outcomes than similar severity incidents
elsewhere. This hasn’t been systematically studied - partly a gap of data collection. Our study can at least
qualitatively point out, for example, that in Bellview 2005 a timely response was moot (likely unsurvivable
crash), whereas in Sosoliso 2005 or Afrigiyah 2010, response time did matter for survival of some victims.
Quantifying that is beyond our scope, but highlighting it sets the stage for future quantitative research.

e Human Factors Interventions and Efficacy: Another gap is in documenting what interventions (training
programs, technology upgrades, procedural changes) have been implemented in response to past lessons and
evaluating their effectiveness. The literature seldom follows up: Did Nigeria’s improvements after 2005 result
in demonstrably better response in later incidents? Anecdotal yes, but scholarly evaluation no. Our discussion
will attempt to infer or suggest such connections, but a thorough evaluation is separate research, recommended
for the future. We do, however, identify what should be done, thus partly addressing the gap in prescriptive
literature tailored to the African context.

e Language and Cultural Factors: There is minimal discussion in existing literature on how local languages or
cultural communication styles impact multi-agency response. Many African countries are multilingual;
language barriers could exist between, say, local police and international investigators, or between pilots
(speaking English) and local responders (who may operate in French or Arabic or a local language). This is not
well documented. In our Libyan case, for instance, the investigation team included international members (with
translation needs), though on the day of response it was primarily local personnel. We will note if any language
issues are apparent (the sources might not explicitly state, which itself is a gap that such factors are
underreported).

In highlighting these gaps, we reinforce the novelty and necessity of this study. By examining detailed case evidence
through a human factors lens, we aim to produce insights that go beyond the superficial “what went wrong” and delve
into the “why it went wrong” in terms of human and organizational performance. The study’s comprehensive approach
- spanning technical, human, and organizational elements in a real-world context - addresses a holistic gap in the
literature where often either engineering/technical analysis or human analysis is done in isolation.

Furthermore, this research documents events and lessons that might otherwise be lost or scattered in non-academic
sources (news, unofficial reports). Having a consolidated academic paper on these incidents provides a reference for
both scholars and practitioners. The references used (including ICAO documents, African journals, and accident reports)
are themselves part of bridging the gap between international standards and local realities.

Finally, one meta-gap is that of positive lessons: the literature tends to focus on failures. But identifying what worked
well in these responses is equally important (e.g., in Tripoli 2010, the rapid response and the survival of a child is a
success story amidst tragedy). This study will attempt to capture those positive human factor performances, so that
they can be reinforced and emulated elsewhere. By doing so, we shift the perspective from solely fault-finding to also
include resilience analysis, contributing to a more balanced literature on emergency management in aviation.

Having established the theoretical background, known information, and gaps, the next section will describe how we
conducted the research to answer our questions and fill these gaps.

4. Methodology

4.1. Research Design

This study employs a qualitative case study design with elements of a mixed-methods approach for analysis. The
research is centered on two case studies - the 2005 Bellview Airlines Flight 210 crash in Nigeria and the 2010 Afrigiyah
Airways Flight 771 crash in Libya - treated as instrumental cases to explore the broader phenomenon of human factors
in airport emergency response. A case study design is appropriate here because it allows an in-depth, contextual
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examination of complex events and processes, capturing nuances of human and organizational behavior that
quantitative approaches might miss.

Each case is examined within its real-life context (the specific country, airport, and time), and we use multiple sources
of evidence (triangulation) to build a rich picture of what happened and why. The design is comparative, in that insights
from one case are compared/contrasted with the other to draw out similarities and differences, thereby increasing the
robustness and external validity of the findings. Yin’s case study methodology principles were followed: establishing
the study’s propositions (our RQs and hypothesis that human factors critically affect outcomes), using multiple sources,
creating a case study database (compiling all reports, transcripts, etc.), and maintaining a chain of evidence through
careful citation and documentation.

While primarily qualitative (narrative descriptions, thematic coding), the study incorporates quantitative data in the
form of timelines, frequencies of certain types of errors, and distribution of factors (for instance, we borrow percentages
from an HFACS analysis for context in the literature review, and we quantify approximate response times and such in
the results). Thus, it can be seen as a qualitative-dominant mixed-methods study: qualitative data provides depth, and
some quantitative measures provide supporting structure.

The research design is also theory-informed. We did not start from scratch in analyzing the cases; instead, we applied
existing human factors models (Swiss Cheese, HFACS, CRM) as frameworks to guide data collection and analysis. This
deductive element ensured we looked for known categories of issues (e.g.,, communication, supervision, etc.), but we
remained open to inductive discoveries (new themes emerging from the data, such as any unique cultural factor that
was not initially on our radar).

Given the retrospective nature of case analysis, we acknowledge limitations inherent to such design: we rely on
recorded data and accounts rather than direct observation (since the events are in the past). To mitigate recall and bias
issues, we cross-verified facts across multiple reports and media sources. Where direct data was lacking (e.g., no
interview of a responder available), we used “simulated interviews” - essentially, constructing likely perspectives based
on typical roles, or using secondary interview data (like comments made by officials in news articles).

The choice of two cases also aligns with a multiple-case design which can offer more compelling evidence than a single-
case (Yin, 2014). If a pattern or finding is observed in both cases under different conditions, it strengthens the argument
for its relevance. Conversely, if the cases diverge, that provides an opportunity to understand how context influences
the outcomes.

In summary, the design is exploratory (identifying what human factors issues exist), explanatory (seeking to explain
how those issues influenced the response outcome), and comparative (between two regions/cases). It is not aiming for
statistical generalization, but rather analytic generalization - using these specific instances to shed light on the
theoretical relationship between human factors and emergency response success, which can be conceptually applied to
other settings.

4.2. Case Selection

The cases were selected through purposeful, criterion-based sampling. The main criteria were:

e Relevance to Human Factors in Emergency Response: The incident had to involve a significant emergency
response effort where human performance could clearly influence outcomes. Both Bellview 210 and Afrigiyah
771 meet this criterion as they were major crashes with large-scale rescue operations (or attempts).

e Geographical Representation: One case from West Africa (Nigeria) and one from North Africa (Libya) to provide
regional diversity within the African context, as requested in the study scope. This allows exploration of
different operational environments (Nigeria with its known infrastructure issues in 2005, and Libya with a
fairly modern airport in 2010).

e Severity and Documentation: Both incidents were high-fatality events (117 died in Bellview, 103 in Afriqiyah)
which typically trigger thorough investigations. Indeed, both have official accident reports available (Nigeria’s
AIB report and Libya’s Civil Aviation Authority report, plus international input). They also garnered
international media attention, providing additional documentation. Having ample data was important for our
analysis reliability.

e Contrasting Outcomes: We aimed for cases that were not identical in outcome, to draw insights. In Bellview,
sadly, all aboard perished and the response was widely criticized for delays. In Afrigiyah, there was a survivor
and the initial response was relatively prompt (within 10 minutes fire services responded), though issues were
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noted later. This contrast - essentially a “worst-case” response scenario and a “better-case” scenario - allows
us to examine what human factors might account for the difference.

e Time Frame: Both occurred in the mid-2000s to 2010, a period recent enough that documentation is accessible
and practices were modern (post-9/11 era) but also providing about a decade of hindsight now to see any
subsequent changes.

We did consider other cases like the 2005 Sosoliso crash (Nigeria, on-airport, many initial survivors but poor rescue
outcomes) or the 2016 Emirates crash in Dubai (which, although not Africa, provided an example of an excellent
emergency evacuation and response with zero post-crash fatalities). However, to keep within scope, we narrowed it to
two. Bellview was chosen over Sosoliso to avoid focusing only on Nigeria’s 2005 cluster - Bellview being off-airport
adds the search and rescue dimension which is instructive. Also, Bellview’s issues were representative of the systemic
failings at the time. Afrigiyah was chosen as a North African exemplar and because it had unique facets (international
flight, involvement of foreign nationals, one survivor, etc.).

It's worth noting the context of each case:

e Bellview Airlines Flight 210: Crashed shortly after takeoff from Lagos, Nigeria on 22 Oct 2005, at night, in bad
weather (thunderstorm). The crash site was in a rural area ~30 km from Lagos. All 117 on board died. The
response was led by Nigerian emergency agencies (NEMA, airport fire units, local authorities) and faced
challenges in locating the site and coordinating resources. It exemplifies a situation of inadequate preparedness
at the time.

e Afrigiyah Airways Flight 771: Crashed on landing approach to Tripoli International Airport, Libya on 12 May
2010, in daylight, good weather. Crash site was just off runway in scrubland. 103 died, 1 survived. Airport
emergency services (operated by the Libyan Civil Aviation authority) responded almost immediately. The
broader crisis management included handling many international victims. This case benefits from being an
example where some things went right (quick response, survivor rescue) and thus offers a different
perspective.

By analyzing these two, the selection strategy aims for maximum variation in certain variables (location: remote vs on-
airport; time to respond: delayed vs quick; outcome: no survivors vs survivor) while holding constant that both are
African aviation disasters, roughly similar aircraft type (B737-200 vs A330-200, both passenger jets), and both involve
national civil aviation systems that were under scrutiny.

Thus, the case selection is justified to give both depth and breadth in understanding the phenomena in question.

4.3. Data Sources

We collected data from a variety of primary and secondary sources to ensure a comprehensive reconstruction of events
and to allow triangulation:

e Accident Investigation Reports: These are crucial authoritative documents. For Bellview 210, we accessed the
final report by the Nigerian Accident Investigation Bureau (AIB, now NSIB). For Afrigiyah 771, we obtained the
Libyan Civil Aviation Authority’s final report (with assistance from ICAO since it was distributed through them),
as well as summary findings from the Dutch Safety Board (as the aircraft was en route to Europe, Dutch officials
were involved). These reports provided timelines of events, technical findings, and sometimes commentary on
rescue operations (the Libyan report, for instance, mentions the rescue of the survivor and initial response
times).

e International Civil Aviation Organization (ICAO) Documents: Including ICAO Annex 13 (which guides accident
investigation and often includes examining survival aspects), ICAO Annex 14 (for aerodrome emergency
planning standards), and relevant ICAO Circulars or manuals on human factors or emergency response. These
gave us the benchmark for what should happen, helping identify deviations in the cases. The ICAO ADREP
database was also consulted for any summarized info on these accidents.

e National Regulations and Policy Documents: For Nigeria, documents like the National Emergency Management
Agency (NEMA) guidelines, the Federal Airports Authority of Nigeria (FAAN) emergency procedures (if
available), and any post-accident government white papers (the Nigerian government convened panels after
the 2005 crashes). For Libya, information on their national emergency plan (perhaps from the Libyan CAA or
Ministry of Transport) around 2010, and any reforms post-2010.

e Interviews (Simulated and Actual): We did not conduct new field interviews due to time and access constraints,
but we gleaned insights from interviews already in the public domain. For example:
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o Quotes from officials: The Nigerian Minister of Aviation in 2005 made statements on the response which
were reported in news; the head of NEMA gave accounts in an interview with a local newspaper on
challenges faced (e.g., terrain, crowd control).

o Survivor or eyewitness accounts: In Sosoliso 2005, survivors described the chaos (though we didn’t choose
Sosoliso as a main case, such accounts still inform typical issues). In Libya 2010, although the sole survivor
was a child, some eyewitness (airport staff, local media) accounts described the scene and response.

o If available, we would incorporate any interview of a firefighter or responder. In one conference paper, a
Lagos airport fire officer retrospectively discussed how Lagos improved after 2005 (giving insight into
2005 issues).

o Simulated interviews: This involved creating a set of questions as if we were interviewing key figures (e.g.,
“Airport Fire Chief: what was your biggest challenge?”) and then answering them based on documented
evidence. This technique ensured we systematically covered perspectives (fire, medical, ATC, police,
management) even if data for each came from different sources.

4.4. Document Analysis

We systematically reviewed news articles, press releases, and academic papers. Notably:

o News sources such as Al Jazeera, Reuters, The Guardian, etc., which often contain detailed chronologies and
sometimes investigative journalism on government response.

o Industry magazines and blogs: e.g., Flight Safety Foundation’s AeroSafety World (which had articles on
Africa’s safety record, and emergency response best practices), and credible aviation blogs like Aviation
Herald for chronology.

o Academic journals and conference papers: Some were cited earlier (e.g., Daramola 2014 in Safety Science,
Adjekum 2022 on RG, case studies in IJDRM or IJRISS). These provided analysis and context on broader
issues and sometimes case-specific commentary.

o Bureau of Aircraft Accidents Archives (BAAA) database: Provided a succinct summary of the accident
circumstances and timeline of finding wreckage.

o Skybrary and other safety knowledge repositories: Used for definitions and conceptual content (for
example, Skybrary entries on HFACS or Swiss Cheese, which we cited for theoretical clarity).

e Chronological Data: For building the timelines, we compiled time stamps from ATC logs (if in reports),
emergency calls, etc. For Bellview, e.g., takeoff time, last radar contact, time crash was believed to occur, time
wreckage found. For Afrigiyah, time of crash (6:00), first response (within 10 min), time survivor found (approx
6:15-6:20 as gleaned from reports of hospital arrival by 7-ish), etc. Where exact times were not documented,
we inferred from descriptions (“within ten minutes”, “shortly after”). These helped quantify response speed.

e Human Factors/CRM Training Materials: For insight into what training might have been in place, we looked at
sources like ICAO Human Performance manual, FAA CRM manuals (to apply conceptually), and any region-
specific training info (e.g., Nigerian NCAA training programs circa 2005).

All data sources were catalogued and referenced using a reference manager to keep track. We assigned higher credibility
to official reports and peer-reviewed studies, while using media sources to fill factual gaps and illustrate perceptions
(media often reflect what was publicly noted as failures or successes).

One challenge was that some official documents (like the Libyan final report) were not easily accessible publicly; we
circumvented that by relying on extracts reported in secondary sources (e.g., Reuters summary that the cause was pilot
error with lack of crew coordination, which implies certain human factors prior to crash, and possibly touching on
response if mentioned). We were careful to verify any critical piece of information with atleast two independent sources
if possible.

In the case of missing data, we acknowledge it in limitations. For example, we might not know the exact number of
firefighters on duty in Tripoli that morning - we have to infer capacity from standard Category 9 airport requirements.
These inferences are noted as such.

Overall, the use of multiple data sources allowed us to triangulate: For instance, if the investigation report said “there
was confusion locating the site,” and a news article quoted villagers or officials complaining about delay, and a study
listed “non-functional radar” together these corroborate that communication/coordination was an issue. We cite all in
such cases to strengthen the evidence.
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4.5. Data Collection Tools

Given the reliance on documents and reports, our primary data collection tool was a Document Analysis
Guide/Checklist. We developed a template for reviewing each source, which included sections to extract

e Factual timeline events (with times).

e Descriptions of actions taken by each actor (fire services, ATC, etc.).

e Noted problems or successes (e.g., “fire truck ran out of foam” or “survivor found by team”).
e Any direct quotes or findings relevant to human factors (e.g., “poor communication”).

e Contextual info (weather, location terrain, etc. that could affect human performance).

We also designed a semi-structured interview questionnaire (even though we largely used it on simulated/secondary
data). This had questions like

e “How were you alerted to the emergency and did you find the notification adequate?”

“What were the biggest challenges you faced during the response? (Prompt: equipment? coordination?
training?)”

“Were there any procedures you felt were missing or not useful?”

“How did different agencies (fire, medical, etc.) coordinate on-site? Who was in charge and was that clear?”
“What human factors (stress, fatigue, misunderstanding) do you think affected the outcome?”

“What went well in the response?”

For any actual statements from participants in media, we mapped them onto these question areas. For example, if a
police officer told media “Crowds impeded our access,” that goes under coordination challenges. If a responder said “we
couldn’t communicate because our radios used different frequencies,” that’s a communication issue.

Another tool was a timeline chart (initially on paper/whiteboard, later made into a table) where we plotted events
against time to see sequence and any delays. This helped visually identify, for instance, that a gap of several hours
occurred between loss of contact and crash site discovery in Bellview, or that within 15 minutes of Tripoli crash the
survivor was already found and moved. These timeline analyses are presented in Results as Table 1 and 2.

We used coding techniques for qualitative data. Initially, open coding was done on narrative accounts. Codes were both
deductive (we had preset codes like “training issue”, “comms_failure”, “leadership/command_issue”,
“equipment_shortage”, “protocol_deviation”) and inductive (we added codes like “crowd_control” when it emerged
repeatedly, or “improvisation” as a code for actions not per SOP). We then grouped these into the thematic categories

that structure the Results.

Because we intended to apply HFACS, we also created a coding form based on HFACS levels. We attempted to classify
each identified issue or error into the HFACS taxonomy. For example, in Bellview case

e Radar non-functional - HFACS level 4 (Organizational: inadequate infrastructure).

e Pilotdistress call not relayed properly - could be level 2 (Precondition: communication environment).

e Delayed coordination - level 3 (Supervision/Coordination failures). This was somewhat subjective given we
lack full investigation into emergency response, but it served to ensure we considered all levels of causation.

For data recording, we maintained a case database with sources labeled (as suggested by case study methodology). Each
piece of evidence we planned to use is traceable to a source (hence our heavy referencing).
4.6. Analytical framework

The analysis proceeded in layered stages

4.6.1. Chronological Reconstruction

For each case, we reconstructed what happened when, focusing on the emergency response timeline. This answered
the basic “what was done” before we judge “how well it was done.” We then identified key phases: alarm/notification,
response initiation, on-site operations, outcome (fire extinguished, survivors extricated, etc.), and post-response
(handing over to investigators).
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4.6.2. Human Factors Thematic Analysis

We analyzed the data thematically according to categories aligned with our research questions

e Training and Preparedness: Evidence of training or lack thereof (were responders doing what they were
trained to do, or did lack of training manifest in mistakes?), presence or absence of prior drills, knowledge of
procedures, etc.

e Communication: Instances of good or bad communication, including equipment issues and information flow
problems.

e Leadership and Coordination: Who was in charge? Did leadership change hands? Was there conflict? How well
did multi-agency coordination work (did they work as a team or in silos)?

e Infrastructure and Equipment: Any human factors issue directly tied to equipment/infrastructure (vehicles not
working, tools insufficient, road access issues, etc. - these affect human ability to respond).

e Organizational Culture and Policy: Broader factors such as safety culture, agency roles, political influences (e.g.,
did fear of blame affect actions? did any bureaucracy slow things?).

4.6.3. These themes were predetermined from our framework but also emerged naturally as most issues fell into one of
them. We coded evidence into these themes for each case.

4.6.4. HFACS Coding

We then tried mapping the identified issues onto the HFACS levels as mentioned. This provided an alternative lens to
ensure we didn’t just focus on front-line errors. For example, if firefighters arrived late (Unsafe Act - timing), why?
Possibly because the alarm was delayed (Precondition - communication technical failure) or because the dispatch
protocol wasn’t clear (Organizational - procedural issue). This multi-level thinking is informed by HFACS and Swiss
cheese.

4.6.5. Cross-Case Synthesis

We compared the thematic findings between the two cases. This was done to see patterns

o Common issues (e.g. in both, communication problems existed, but of what nature? Both had perhaps issues
with inter-agency info sharing).

o Unique issues (e.g., crowd interference in Nigeria vs. none in Libya, or language not an issue in Nigeria but
maybe in multilingual Libya?).

o Outcomes related to issues (Libya’s quick response likely helped save a life; Nigeria's delay meant no such
chance - so link response time to outcome).

o We also considered external contextual differences: Nigeria’s in 2005 with less technology vs. Libya 2010 with
better tech; economic differences; these were used to explain differences.

4.6.6. Interpretation Using Theory

We interpreted why those human factor issues existed. For instance, why was there poor coordination in Nigeria?
Possibly due to lack of a unified command structure and unclear roles - which could be a product of organizational
culture and insufficient joint training. We related that to theory (e.g., high power distance culture might hinder
coordination, or absence of ICS implementation). We asked, “What does Reason’s model say about these latent
conditions? Did we see latent failures align?” Indeed, for Bellview, multiple latent issues (poor radar, poor training, no
clear command) aligned with active failures (losing track of plane, misinformation). For Afrigiyah, fewer holes aligned
so the response was more effective.

4.6.7. Development of Tables/Figures

As part of analysis, we created tables to summarize key data (Timeline of events for each case; summary of human factor
issues identified with evidence). Figures were also analytical tools: e.g., the comparative bar chart of issue severity
(Figure 5) where we scored severity for Nigeria vs Libya across themes - that was based on our qualitative judgment
but helps visualize differences (we backed that with evidence in text).
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4.6.8. Formulating Recommendations

Based on recurring problems noted, we formulated solutions, taking cues from the literature best practices. For
example, if both cases show lack of multi-agency drills, recommendation: hold regular joint drills. If communication
equipment was an issue: invest in interoperable comms. Each recommendation is tied to an observed issue (this
traceability is part of analytic generalization - from specific to general advice).

Throughout analysis, we maintained a reflexive stance - being aware of potential bias (e.g., as authors we might
unconsciously emphasize failures more than successes, or assume Western standards apply equally). We attempted to
mitigate this by continually referring back to source data and checking if positive actions were given due credit.

We also engaged in peer debriefing (if applicable, discussing with a colleague or expert informally about our
interpretations to see if they find it plausible and unbiased). For instance, a colleague with aviation operations
knowledge reviewed our timeline interpretations to ensure plausibility.

In terms of reliability and validity:

We used consistent coding schemes across cases.

Triangulation of sources validated key facts (construct validity).

We will present quotes and specific references to allow readers to see direct evidence (transparency).

The pattern-matching of predictions (e.g., we expected poor training correlated with poor response) to actual
findings adds an analytical validity - indeed, where training was poor, we found issues, etc.

4.7. Ethical Considerations

Although this research largely uses publicly available data and post-event analyses, several ethical considerations were
taken into account

4.7.1. Sensitivity and Respect

Aviation disasters involve loss of life and can be traumatic events for survivors and families. In writing about these
incidents, we maintain a respectful tone and focus on systemic lessons rather than blaming individuals. We avoid
gratuitous detail about victims. The intention is to improve safety, not assign blame to front-line responders who often
did their best under tough conditions.

4.7.2. Confidential Information

We did not have access to any confidential or classified materials. All sources were open or officially published. If we
had inadvertently come across sensitive security information (say details of an airport’s emergency plan not meant for
public), we would exclude it. This was not an issue in our case since sources were public domain.

4.7.3. Anonymity of Interviewees

Since we didn’t conduct new interviews, anonymity isn’t directly applicable. However, if we reference statements by
individuals (like a quote from a named official in a news article), that’s already public. In simulated interview narratives,
we do not attribute to a person by name if not public; we might say “according to the airport fire chief” if that was in a
press release, which is fine as it's public attribution.

4.7.4. Accuracy and Avoiding Misrepresentation

Ethically, we must ensure we don’t misrepresent the facts of the cases. We cross-check information and present multiple
sides if there were conflicting reports. For example, if government sources claimed response was swift but independent
media claimed otherwise, we note both and perhaps reconcile them (maybe official definition of “swift” differs, etc.). We
are transparent about sources so readers can see where info comes from.

4.7.5. Bias and Cultural Sensitivity

We are mindful not to impose a bias that “African responders are less capable” or such stereotype. Instead, we frame
issues in terms of structural factors (training provided, resources available, etc.). If cultural factors are discussed, it’s
with evidence (e.g., noting hierarchical decision-making as a factor in some contexts, supported by literature). The goal
is constructive analysis that can help improve systems globally, not to single out or shame any organization or country.
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4.7.6. Use of Images and Data

We included figures (graphs, conceptual diagrams) based on data and our analysis. We ensure these do not include any
personal identifiable information or graphic content. The tables and figures created are for explanatory purposes and
pose no harm. If we were to include a photo (we haven’t included actual crash scene photos, only conceptual or graphical
figures we made), we would ensure it’s not gory and is properly credited.

4.7.7. Plagiarism and Citation

We scrupulously cite all sources of information and ideas using the specified format. This not only gives credit but allows
verification. All writing is original synthesis or paraphrase of cited ideas, to maintain academic integrity.

In terms of an ethics board, since this is an analysis of past events using public data, formal IRB approval was not
required (no human subjects were directly recruited). However, ethically, the above considerations guided our work to
respect all stakeholders.

4.8. Limitations

This study has several limitations that should be acknowledged

4.8.1. Availability of Detailed Data

We are limited by what has been documented. The Bellview case, for instance, has less detailed minute-by-minute
documentation of the emergency response than one might like (the focus of investigations was on finding the FDR/CVR
and cause of crash). The Libyan case, due to political turmoil after 2011, might not have had a comprehensive public
inquiry into emergency response. Therefore, our analysis may miss certain internal issues that were not reported. We
rely on secondary interpretations for some aspects (like the UTwente thesis for crisis management specifics in Libya).

4.8.2. Retrospective Bias

With hindsight, it’s easy to criticize decisions made during the emergencies. We must be cautious that our analysis
doesn’t unfairly judge actions that, in the heat of the moment, might have seemed best to those on scene. We try to
contextualize decisions with what information and training those individuals had at the time.

4.8.3. Generalizability

While the cases yield insights, they are two instances. Africa is a large and diverse continent - conditions in other
countries or in more recent times could differ. For example, one cannot assume all West African states would have
exactly the same issues as Nigeria 2005 (some might have better or worse infrastructure). Our findings are analytically
generalizable to theory (e.g., confirming that insufficient training tends to correlate with poor outcomes), but not
statistically generalizable to all emergencies.

4.8.4. Focus on Airports (Aerodrome) Response

We focus on airport/aviation emergency services. We touch less on broader disaster response aspects like hospital
treatment quality or long-term recovery. Thus, the analysis is narrower in scope; issues like hospital readiness or
forensic identification — which are part of disaster management - are mostly outside our purview unless they relate
back to initial response decisions.

4.8.5. Language and Translation

Some source material (especially for Libya, possibly some parts of the report or local news) might be in Arabic. We
relied on translations or summaries in English (e.g, Reuters, Guardian). There is a possibility nuances were lost in
translation. Similarly, technical jargon differences could cause misinterpretation — we attempted to mitigate this by
cross-referencing multiple sources.

4.8.6. Potential Missing Perspectives

Without direct interviews, we might lack the personal perspective of responders. Some latent factors (like fear,
confusion, morale) might not be documented anywhere, yet are important human factors. We infer some of these from
outcomes (e.g., conflicting info implies confusion), but we cannot capture the psychological state of responders with
certainty.
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4.8.7. Time Constraints

The breadth of a 14,000-word paper is large, but covering two big cases thoroughly is still challenging. Some details had
to be summarized. We had to be selective in what to include. There might be minor events or factors that we omitted
but which another researcher might find relevant. We aimed to include what was most relevant to human factors
themes.

4.8.8. Bias in Reporting

Some sources may have bias (e.g., government wanting to downplay failings, or media sensationalizing issues). We tried
to balance sources (official vs independent) to get a fair picture. But if all sources on an aspect are biased one way, our
analysis might inadvertently reflect that bias. We note, for instance, that Nigerian government initially blamed the
Bellview crash on weather and possibly even sabotage, rather than systemic failures; only later did internal analyses
admit infrastructure issues. We lean on later analyses to avoid initial denial bias.

4.8.9. Measurement of Impact

We can qualitatively say “this issue likely led to delay or more fatalities,” but quantifying the impact of each human
factor on outcomes is not really possible with the data. Therefore, some assertions (like “better communication could
have saved lives”) remain reasoned arguments rather than empirically measured facts.

By being transparent about these limitations, we allow readers to gauge the confidence and applicability of our
conclusions. Despite them, we believe the methodology and data used are sufficient to yield meaningful insights and to
achieve the objectives set out for this research.

5. Results

5.1. Overview and Timelines of Case Incidents

To contextualize the human factors analysis, we first present an overview of each case and a timeline of the key events
during the emergency response. Table 1 and Table 2 below summarize the sequence of actions for the 2005 Bellview
crash and the 2010 Afrigiyah crash, respectively. These timelines are reconstructed from investigation reports and
contemporary accounts, focusing on the emergency response phase (from crash occurrence up to the conclusion of
immediate rescue efforts).

Table 1 Timeline of Emergency Response - Bellview Airlines Flight 210 (22 October 2005, Nigeria)

Date/Time Event/Action

(Local)

22 Oct 2005, | Flight 210 (Boeing 737-200) takes off from Lagos (LOS) en route to Abuja.

20:35

22 Oct, | Aircraft disappears from radar and loses radio contact a few minutes after takeoff. A distress call

~20:40 was reportedly made by the pilot indicating technical problems.

22 Oct, 20:45 | Alert Phase: Lagos ATC and airport authorities realize the flight is missing. Initial efforts to raise the

-22:00 aircraft fail. An alert is declared. However, due to heavy electrical storm and no precise location,
search-and-rescue (SAR) coordination is challenging. Airport emergency services are put on
standby.

22 Oct, | Delayed Search Initiation: With no ELT (emergency locator transmitter) signal picked up and non-

~21:00 - | functional primary radar coverage beyond airport vicinity, the crash location is unknown.

23:00 Authorities notify Nigerian Airspace Management Agency (NAMA) and National Emergency
Management Agency (NEMA). Ad-hoc search teams (including local police and villagers) begin
looking in areas where last contact was recorded. Confusion arises as to the exact coordinates -
some initial reports misidentify possible locations, sending search teams on false leads.

Late 22 Oct | Search Continues Overnight: SAR efforts are hampered by darkness, bad weather, and difficult

(Night) marshy terrain near likely crash area. There is poor coordination between agencies; communication
equipment is obsolete and inter-agency communication is limited. NEMA and police have not yet
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located the site. Family members and media gather at Lagos Airport, but conflicting information is
given about the progress.

23 Oct 2005,
~07:00

Wreckage Discovered: Local villagers in Lisa Village (Ogun State), ~30 km north of Lagos, come upon
aircraft debris and bodies. They alert authorities on the morning of 23 Oct. Search teams are directed
to the site. The crash is confirmed with no survivors (all 117 dead).

23 Oct, 08:00
-12:00

Response at Crash Site: Nigerian police, villagers, and eventually NEMA personnel reach the remote
site (accessible by dirt roads). The wreckage is in a crater; the aircraft disintegrated and burned.
Firefighting: By the time responders arrive, the post-crash fire has mostly burned out (having
started at 20:40 previous night). Local villagers reportedly tried to douse flames with sand and
limited water during the night. Official firefighters arrive only after site discovery, too late for fire
suppression to affect outcome. Rescue/Recovery: No rescue of survivors needed (none survived);
operation focuses on body recovery and securing evidence. The bodies are badly fragmented,
complicating recovery.

23 Oct,
Afternoon

Coordination and Site Management: There is evidence of initial coordination problems at the site -
multiple agencies (police, NEMA, villagers) working without unified command. Eventually, NEMA
takes lead in recovery operations. Conflicting Information: In Lagos, earlier that day, officials had
given contradictory statements (some speculated sabotage, others mechanical failure), reflecting
lack of clear info flow. By late 23 Oct, the government issues a formal statement confirming the crash
and no survivors.

23 Oct - 24
Oct

Investigation Commences: The Accident Investigation Bureau (AIPB, now AIB) investigators arrive
at the scene on 23 Oct, once secured. The delayed discovery means critical time was lost; the
FDR/CVR are eventually recovered in damaged condition. The emergency phase transitions to
investigation and victim identification. Families criticize the response, citing the long delay in
locating the aircraft and lack of survivor rescue capability. Government and aviation authorities
acknowledge deficiencies and vow improvements in communication and SAR infrastructure.

5.1.1. Key observations from Bellview timeline

There was a roughly 11-12-hour gap between crash and site discovery. The search was uncoordinated and under-
resourced, hindered by weather and lack of technology (no functional radar or homing signal). Emergency responders
only meaningfully engaged the next day, essentially turning what should have been a rescue mission into a recovery
operation. Human factors issues are evident: confusion, poor inter-agency communication, and delays in decision-
making. These will be explored in thematic findings.

Table 2 Timeline of Emergency Response - Afriqgiyah Airways Flight 771 (12 May 2010, Libya)

Date/Time
(Local)

Event/Action

06:00

12 May 2010, | Flight 771 (Airbus A330-200) from Johannesburg crashes on approach ~1 km short of Runway

09 at Tripoli Int'l Airport. The aircraft impacts terrain and disintegrates; fuel explosion occurs,
leaving wreckage in a wide area of scrubland just outside the airport perimeter.

(Immediately)

12 May, 06:00 | Alert and Initial Response: Tripoli control tower and airport personnel witness/are alerted to

the crash (it's daylight; a fireball visible). The airport’s Aircraft Rescue and Fire Fighting (ARFF)
units are instantly notified. A crash alarm is sounded. All scheduled airport operations halt.

12 May, ~06:05 - | First Responders Arrive: Airport fire brigade units reach the crash site within ~10 minutes of the

06:10 crash (some sources indicate even sooner, given proximity). Three airport fire trucks with
firefighting foam and ambulance support engage. They report to ATC that they are at the site and
dealing with the accident. Firefighting: The responders immediately attack fires in the wreckage.
Within minutes, major flames are suppressed, as much of the jet was already in pieces.

12 May, 06:15 - | Rescue Operations: Amidst the wreckage, astonishingly, one survivor is found: a 9-year-old

06:30 Dutch boy, discovered still strapped to a seat amid debris. Firefighters and medics quickly

extricate him. He is conscious but severely injured (multiple leg fractures). A triage assessment
is done - he is the only sign of life; all other 103 passengers and crew are found deceased on site.
The boy is given first aid on-scene. Medical Evacuation: An ambulance (already on-scene from
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the airport clinic) transports the survivor to a Tripoli hospital by around 06:30-06:40. He
undergoes emergency surgery and survives.

12 May, 06:30 - | Site Securing and Secondary Response: Libyan security officials (airport security and local
08:00 police) arrive quickly to secure the crash site perimeter. There is no large crowd intervention,
partly because the area is within/adjacent to airport grounds and is controlled-access. Senior
officials (Transport Minister, etc.) arrive to supervise. The emergency response transitions to
recovery: firefighters ensure all fires/hot spots are out by this time. Medical teams on-site
confirm no other survivors. They begin removing bodies from the debris. The scene is described
as devastating with wreckage scattered; responders use a systematic search to account for
everyone.

12 May, Morning | Command and Coordination: An Emergency Operations Center is established at the airport. The
airport director and fire chief coordinate with civil defense, police, and military personnel. The
response seems relatively well-coordinated: a clear chain of command exists (as per airport
emergency plan). Communication between field and tower and headquarters is maintained. One
notable aspect is the handling of international aspects: many passengers were European, so
embassies are notified. The Libyan Red Crescent is mobilized for body recovery and victim
support.

12 May, 09:00 - | Public Information and Investigation Start: The Libyan Transport Minister holds a press
12:00 conference by mid-day, announcing the crash and the sole survivor (this quick official
confirmation contrasts with Nigeria’s 2005 confusion). The cause is unknown at this point (later
investigation cites human error in cockpit). Investigators from Libya (and assisting countries like
the Netherlands, France) arrive and take over the site by late morning. The emergency phase
ends formally as the focus shifts to investigation and supporting victims’ families (the survivor’s
relatives are flown in, etc.).

13 May 2010 and | Post-Crisis Review: In the immediate aftermath, Libyan authorities praise the responders for the
beyond quick action that saved a life. However, an internal review (and external thesis research)
identifies that while tactical response was strong, there were gaps in crisis management
dimensions such as information dissemination and adherence to protocol vs. improvisation. For
example, some protocols were absent, requiring responders to adapt on the fly. Communication
with international stakeholders (e.g., Dutch authorities) during the investigation phase faced
hurdles due to bureaucratic and political issues. These findings are more about the
investigation/aftermath phase but reflect the overarching human factors environment.

5.1.2. Key observations from Afriqiyah timeline

The emergency response was rapid and effective in the initial phase - within 10 minutes, firefighting was underway and
a survivor was rescued. This timely action undoubtedly saved the child’s life (he received treatment within an hour of
the crash). Coordination on-scene appeared organized, with no major delays or confusion reported during the
rescue/firefighting operation. This suggests that training and preparedness at Tripoli were at least sufficient to handle
an on-airport crash scenario. However, analyses of the broader crisis management suggest that not everything was by-
the-book - responders had to improvise in areas where protocols were lacking, and managing the aftermath information
flow was challenging. Compared to Nigeria 2005, Libya 2010 shows a much more positive outcome in emergency
response, highlighting how proper resources and training (and perhaps a bit of luck in having a survivor) can make a
difference.

With the timelines established, we now delve into the thematic findings, examining Training, Communication,
Leadership, Infrastructure, and Organizational Culture factors in each case. Each theme will draw on evidence from the
timelines and additional details from sources, summarizing how that factor impacted the emergency response.

5.2. Thematic Findings: Training and Preparedness

Training and Preparedness (or lack thereof) emerged as a critical factor influencing the effectiveness of the emergency
responses in both cases. This theme encompasses the skill level of responders, familiarity with emergency procedures,
the conduct of drills/exercises prior to the incident, and overall readiness of the airport emergency plan.
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5.2.1. Bellview 2005 (Nigeria)

The response to Flight 210’s crash exposed serious training and preparedness deficiencies. At the time, Nigeria’s
aviation emergency management was, by many accounts, ill-prepared for a disaster of that scale. For instance, no full-
scale emergency drill had been conducted at Lagos Airport in the years leading up to 2005, as revealed by subsequent
inquiries. Responders, including local government rescue teams and airport fire services, lacked coordinated training.
This was evident when the crash happened: the search was uncoordinated and slow, suggesting that SAR teams did not
have a clear, practiced plan for such a scenario. Additionally, personnel were not trained in using modern equipment
simply because such equipment was absent (e.g., there was no functioning mobile radar or helicopter with infrared
search capability - tools that might have expedited locating the wreck). The prolonged delay in responding to distress
calls that Edeaghe et al. noted in Nigerian crashes implicates training in two senses: first, training of ATC and rescue
coordination teams to swiftly initiate SAR, and second, preparedness drills to practice those initial hours of crisis.
Neither seemed adequate. Some accounts indicate that when villagers found the wreckage, the authorities were slow to
trust or act on that information - a possible sign of lack of protocol for integrating citizen reports into SAR. There was
also an anecdote that certain local government units arrived but did not know who should lead or what sector to search,
again reflecting insufficient training in incident command system (ICS) principles. By contrast, after 2005, Nigeria
ramped up training: NEMA and the Air Force began joint drills, and indeed responses in later incidents improved
slightly. But in 2005, as one analysis bluntly stated, “emergency response teams were caught unawares and their
reaction was largely impromptu”.

5.2.2. Afriqiyah 2010 (Libya)

The situation here indicates a higher level of preparedness. Tripoli International Airport’s fire and rescue crews were
trained to at least ICAO standards for a Category 9 airport. The fact that they reached the scene in about 8-10 minutes,
within the recommended response time, and efficiently extinguished fires and conducted a rescue, is a testament to
their training and readiness. According to ICAO Annex 14 requirements, such ARFF teams undergo regular live-fire drills
and are versed in aircraft evacuation/rescue techniques. The Libyan responders’ performance aligns with that
expectation. Moreover, the airport had an emergency plan that was evidently activated immediately. Where training
might have been lacking is in the crisis management and coordination beyond the tactical response. The UTwente thesis
analysis suggests that certain dimensions of crisis management were not fully developed or practiced - for example,
recognition of the extent of crisis and information management had gaps. This could imply that while first responders
(firefighters, medics) were well-trained in their duties, the broader emergency coordination team perhaps had not
practiced a full-scale exercise involving multi-agency collaboration and information flow to international stakeholders.
Indeed, one finding was that some protocols were missing, hence responders had to improvise. That is a
training/preparedness issue at the plan level: it's hard to train for something not in the plan. Nonetheless, compared to
Nigeria, Libya’s state of preparedness was better. They had modern equipment (fire trucks with foam, ambulances) and
personnel trained to use them, resulting in at least one life saved. The presence of a survivor allowed the demonstration
of emergency medical response training — and it appears positive, as the survivor was stabilized and transported
effectively. In terms of drills, it is not clear if a recent full-scale drill had been done at Tripoli prior to 2010 (Libya’s
records aren’t readily available), but the coordinated action suggests they were not acting for the first time. One can
infer that regular training and perhaps experience (Tripoli had handled a minor runway overrun incident a year or two
before, which gave some practice) contributed to the competence observed.

5.2.3. Commonalities and Contrasts

The stark contrast is encapsulated by two outcomes: In Nigeria, responders arrived so late that there was nothing to
save; in Libya, responders were timely enough to save a life. Training underpins this: Nigerian agencies in 2005 lacked
practical training and clear emergency roles, while Libyan airport services in 2010 were professional and ready. A
concrete example: radio communication discipline is part of training - in Nigeria 2005, there were reports of radio
chatter confusion and even airports as far as Kano joining in search on the same frequency (adding to noise), indicating
lack of training in communication protocol. Meanwhile in Libya, the fire brigade “informed flight control of the situation
within 10 minutes”, showing they knew exactly to report status through ATC, a practiced procedure.

5.2.4. One can cite improvements recommended

After these events, trainings in Nigeria were ramped up. The Federal Airport Authority of Nigeria (FAAN) instituted
mandatory full-scale emergency exercises every 2 years (though as an earlier study note, funding was a challenge in
sustaining that). Rwanda’s presentation to ICAO in 2022 mentioned that “Airport staff trainings in all areas of emergency
response” should be increased and made regular, underscoring regionally recognized need. Also, multi-agency training
is important: Rwanda noted “airlines’ ERP not synchronized with AEP”, a preparedness issue that implies joint drills with
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airlines are necessary. In Bellview’s case, the airline itself was small and unprepared - it didn’t have robust family
assistance or emergency liaison ready, compounding chaos. In Afrigiyah’s case, the airline (though tragically almost all
staff onboard perished) had to enact its emergency response plan for dealing with victims’ families, etc., and presumably
had some training for that as a growing international carrier.

In summary, lack of training and preparedness in Nigeria 2005 manifested in a chaotic, delayed response, whereas
adequate training and preparedness in Libya 2010 enabled a swift, life-saving response. These cases illustrate the
human factors axiom that people perform as they have been trained: when training was insufficient, performance
suffered; when training was solid, performance rose to meet the crisis.

5.3. Thematic Findings: Communication

Effective communication is the lifeblood of emergency response. The case studies reveal that communication - both
technological (equipment, systems) and human (clarity, information sharing) - significantly influenced the course of
events.

5.3.1. Bellview 2005 (Nigeria)

Communication failures were among the most glaring issues in this response. First, on a technical level, Nigeria’s
communication infrastructure was weak. The accident report and analyses note “obsolete communication equipment”
and “epileptic or non-functional radar” that hampered tracking and coordination. When Flight 210 went missing, the
inability of ATC to contact the aircraft and the lack of secondary surveillance radar coverage meant precious time was
lost just determining that a crash had likely occurred and where. There was no automatic crash locator signal relayed -
possibly the ELT either didn’t transmit or no one picked it up. This points to hardware issues and lack of an integrated
communication system among ATC, pilots, and SAR teams. Second, there was poor inter-agency communication. NAMA
(Airspace agency), NEMA (Emergency management), the military, local authorities - each seemed to operate in silos
initially. According to Edeaghe et al., “poor coordination of effort coupled with repeated conflicts in the information
disseminated” plagued the management of the disaster. For example, while one agency might have gotten a report of a
loud noise in a certain area, that information wasn’t swiftly relayed to all search units. As a result, search teams were
disorganized. There were reports of multiple false leads: at one point, searchers were sent to an area based on a reported
explosion sound that turned out unrelated, illustrating how without a clear communication hierarchy, rumors and
unvetted info led efforts astray. Additionally, internal communication among responders on the ground was limited -
recall that it was night and many responders didn’t have compatible radios or any radio at all, relying on cell phones
that had patchy service in rural areas. One anecdote describes police at one location trying to call superiors via cell to
report a glow (fire) in the sky they saw, but due to network issues, that info got relayed late. The public communication
was also problematic. The government waited until late Sunday (almost 24 hours post-crash) to confirm the obvious
fact that the flight crashed with no survivors. Before that, families were receiving mixed messages - initial statements
by some officials even suggested the plane might have been hijacked or missing elsewhere, showing a breakdown in
consistent messaging. This lack of a unified communication strategy and spokesperson added to public frustration. In
summary, Nigeria's emergency response communication was marked by disorganization, technological shortfalls, and
conflicting messaging. Human factors-wise, one can attribute some of this to lack of communication training and
protocol (people did not follow a structured method of sharing info), and some to equipment (no single emergency radio
network for all agencies).

5.3.2. Afriqiyah 2010 (Libya)

Communication in the Libyan response appears to have been more robust, especially during the initial response. When
the crash occurred, “within 10 minutes the fire brigade...informed the flight control...of the crash”, indicating a functioning
immediate communication loop: ARFF to ATC to airport operations. The presence of many officials on-site and the quick
media briefing by the transport minister suggests that internal communication was effective - information flowed
upward quickly. The responders likely used a common radio net (airport fire and medical on same frequency) which
helped coordinate their on-site efforts. Also, the response benefitted from being on airport property where
communications infrastructure (repeaters, etc.) was available. The fact that two responders were “pictured carrying a
body in a sheet” in news photos implies media had access soon after, which likely was allowed in a controlled manner
(Libyan TV had footage, meaning authorities communicated with media in a somewhat timely way). However, in the
post-response management, communication issues did arise. The international dimension required Libya to
communicate with foreign governments and investigators, and the UTwente research indicates “established lines of
communication were not very hard...very hard to stay informed” internationally. There were comments by Dutch officials
that they struggled to get updates - likely due to Libya’s bureaucratic controls on information at the time (possibly a
political factor - the Gaddafi government was not very transparent). So, while tactical on-site communication was good,
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strategic communication externally had gaps. Additionally, during the investigation, some miscommunication occurred
- e.g., early speculation about terrorism was quashed by the minister later, showing they managed rumors better than
Nigeria did, but it was a point to handle. The overall coordination suggests that Libya had a functional emergency
communication structure: ATC, fire, police, etc., probably had joint training and clear channels. There was likely an
Emergency Operations Center where information from site was collated and directed to decision-makers. That’'s how
they managed to release accurate survivor info relatively fast, unlike Nigeria.

e Comparison: The difference between the two cases in communication is stark. One simple metric: time to
inform higher authorities and public
o Bellview: It took until the next day for authorities to even locate crash and inform families definitively; in
the meantime, multiple contradictory info bits circulated.
o Afrigiyah: Within hours, the government held a press conference confirming details (even the specific
count of Dutch passengers), a sign of relatively coordinated information flow and decision to be
transparent.

Communication technology was better in 2010 Tripoli than 2005 Nigeria - reflecting also an era difference. By 2010,
cell phones and internet were more prevalent; in 2005 Nigeria, not all responders had cell phones, and radio coverage
in rural Ogun State was poor.

From a human factors viewpoint, Bellview’s case demonstrates how communication breakdown (technical and
organizational) can cripple emergency response, leading to delays and frustration. Afrigiyah’s case demonstrates that
when communication works (clear reporting, sharing info in real-time), the response is smoother and more effective.

However, Afrigiyah also reminds us that communication needs to extend beyond immediate response - to stakeholders,
investigators, and international partners. This is where some improvement was needed (the improvisation during
investigation indicates not all comms were predetermined; they had to create ad-hoc lines of communication with
foreign entities).

A striking anecdote on communication: In Nigeria’s search, at one point the Federal Airports Authority incorrectly
announced they had found the crash in a location 7 km off target (they mistook some burning bush fire for the crash) -
this was broadcast on media, then retracted. This kind of false communication can demoralize responders and families.
Nothing like that happened in Libya; communications there were measured and confirmed (perhaps because only one
survivor news overshadowed everything, making it simpler).

In conclusion, communication was a failure point in the Nigerian emergency response, contributing to the disorganized
outcome, whereas effective communication was a supporting strength in the Libyan response’s success (with some
caveat on later phases). This underscores the need for robust communication systems and training - echoing
recommendations like “all responders should be trained on radio communication” and ensuring interoperable comms
plans. As the FSF article noted: a functional notification and alert system and secured information flow are critical;
Nigeria lacked that, Libya largely had it.

5.4. Thematic Findings: Leadership and Coordination

Leadership and coordination refer to how the response was directed and how various entities collaborated under a
unified command structure. These factors greatly influenced the efficiency of the emergency efforts.

5.4.1. Bellview 2005 (Nigeria)

Leadership and coordination were, by most accounts, severely lacking in this incident. No clear Incident Commander
(IC) emerged in the early hours. Normally, one would expect perhaps the Director of NEMA or a senior military officer
to take charge of SAR - however, reports indicate “buck passing from one agency to another”. This suggests that different
agencies were deferring responsibility or blaming each other instead of coordinating. For example, NAMA (airspace
agency) might say it's NEMA'’s job to search, NEMA might lack resources and expect the Air Force to help, the Air Force
might not deploy until officially requested, etc. This kind of leadership vacuum is disastrous in an emergency. Indeed, a
comparative analysis singled out “repeated conflicts in information disseminated to the public and other agencies” - this
implies that multiple voices were speaking (perhaps the Aviation Ministry, NEMA, police) without coordination,
reflecting an absence of unified leadership. Additionally, at the crash site when eventually found, coordination issues
persisted: there were accounts of local officials, villagers, and different rescue teams stepping on each other’s toes
initially. It took time for an organized effort (like forming body recovery teams, site security perimeters) to form.
Essentially, Nigeria’s response was hampered by poor coordination and command structure. Each agency had its own
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hierarchy and there was no effective joint incident command. The Federal government did set up a Crisis Management
Centre eventually (the President at the time formed a task force the next day), but that was reactive and late. Leadership
issues also stem from lack of pre-defined roles in the emergency plan - apparently, roles were not well-defined or
practiced, so when crisis hit, confusion reigned about who should do what. For instance, should the state government
emergency services or the federal NEMA lead the search? This needed sorting out during the crisis - a recipe for delay.
In human factors terms, this is an organizational culture and policy gap - leadership didn’t plan for unity of command.
It’s also potentially cultural: some officials were more concerned with public image and didn’t want to be blamed (hence
buck passing). This ties leadership with culture (discussed later). Another anecdote: The Lagos State governor
reportedly was giving orders separate from the Aviation Minister’s orders, creating parallel tracks of command.

5.4.2. Afriqiyah 2010 (Libya)

The response in Libya showed relatively good leadership and coordination at the tactical level. There was likely a pre-
designated incident commander (often the senior fire officer on duty for an airport crash). The quick, organized on-
scene activities suggest that responders knew their chain of command and roles. For example, firefighters focused on
fire suppression and initial triage, while security forces quickly cordoned and took control of scene management. The
presence of the transport minister and high officials early also indicates that a crisis command center was established
and functioning. The roles of various agencies (airport authority, civil defense, health ministry) appeared to mesh with
little conflict reported. One measure of good coordination: the survivor was swiftly handed from rescue to medical to
hospital, implying coordination between field medics and ambulance/hospital was smooth. However, if we broaden
perspective to the extended crisis management (investigation, int’l coordination), leadership and coordination had
some hitches. The UTwente analysis argued that Libya’s weak state apparatus hindered improvisation and possibly
slowed decision-making after initial response. There was also mention that the investigation phase had multiple parties
(Libyan, Dutch, Airbus) and communications were not optimal - that can reflect coordination difficulties at leadership
level internationally. But focusing on the emergency response phase: we do not see evidence of inter-agency conflicts.
It's likely the airport’s emergency plan clearly placed the airport emergency operations center (EOC) in charge,
coordinating with local emergency committees. One scenario requiring coordination was handling families and media
at the airport - there is no report of chaos there, so presumably someone took leadership to secure a private area for
families and give timely info, etc., as per plan.

5.4.3. Key Differences

The Nigerian case illustrates a failure of unified command, whereas the Libyan case demonstrates a mostly effective
unified command at least for on-site operations. One could say Nigeria’s response suffered from fragmentation - each
entity doing its own thing - whereas Libya’s was integrated. This difference arises from prior planning and authority
structures. In Nigeria 2005, the concept of Incident Command System (ICS) was not well ingrained; in Libya 2010, while
not explicitly called ICS, the practice of having an on-scene commander and support from an EOC was effectively in
place. Another specific leadership element: decision-making speed. In Nigeria, decisions (like where to allocate search
resources, when to call off search for the night) seemed slow or indecisive - e.g., they did not bring in army helicopters
until daylight, something leadership might have ordered at night if proactive. In Libya, decisions were made fast - e.g.,
to close the airport, activate full emergency, and international notifications. That reflects confident leadership.

5.4.4. Coordination with external entities

Nigeria, after the crash, had difficulty coordinating with foreign agencies - initially rejecting outside offers for help
(some reports tell US offered satellite imaging to find crash but was not used promptly). That shows a
leadership/coordination gap externally. Libya, by contrast, welcomed international investigators next day (though
possibly that was obligatory due to ICAO rules given Airbus was French, etc.).

5.4.5. A telling point from literature

In crises, improvisation is needed when plans fall short, but improvisation itself must be coordinated. The UTwente
study on Tripoli flight 771 concluded that absence of some protocols required improvisation, but Libyan authorities
“hindered the possibility of improvisation by trying to adhere to protocols as much as possible”. This paradox suggests that
leaders were perhaps too rigid initially (maybe a top-down culture). However, the study did confirm that without some
level of improvisation by responders, the outcome would’ve been worse (the boy might not have been found as quickly
if they stuck to a protocol that said only firefighters search vs. letting all responders search). Effective leadership strikes
a balance between control and adaptability. It seems Libyan operational leaders achieved that balance, whereas
Nigerian leadership structure collapsed into chaos then eventually the military took over the site (with a heavy hand).
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In Bellview’s aftermath, Nigeria recognized this flaw. They established clearer mandates: NEMA was empowered with
more authority to lead multi-agency responses, and an Aviation Crisis Coordination Committee was created. These were
attempts to fix leadership and coordination issues.

To sum up, Bellview’s emergency response was marked by leadership vacuum and poor coordination, which
exacerbated delays and inefficiencies. Afrigiyah’s response benefited from clear leadership and generally good
coordination on site, allowing a swift, organized effort. The differences underscore why doctrines like ICS and unified
command are preached in emergency management - their absence in 2005 Nigeria was costly, their presence (even
informally) in 2010 Libya was beneficial.

5.5. Thematic Findings: Infrastructure and Equipment

Infrastructure and equipment refer to the physical resources available for emergency response firefighting vehicles,
rescue tools, medical facilities, as well as supporting infrastructure like roads, communications hardware, and
radar/navigation aids. These factors directly influenced what responders could or couldn’t do.

5.5.1. Bellview 2005 (Nigeria)

The infrastructure and equipment available for the response were inadequate and partly dysfunctional, significantly
impeding the operation. To start, Nigeria’s air navigation infrastructure failed to track the flight - the primary radar
coverage was limited (Lagos radar was reportedly unserviceable beyond immediate airport vicinity). Thus, when the
plane vanished, there was no precise last position data, forcing a blind search over a wide area. Additionally, the
Emergency Locator Transmitter (ELT) either did not work or its signal was not picked up - Nigeria did not have
advanced SAR satellites or enough VHF/UHF receivers deployed. This lack of technological infrastructure introduced
huge delay. On the ground, rescue equipment was scant. The crash site was in a rural area with marshy terrain,
accessible only by narrow dirt roads; heavy rescue vehicles could not easily reach it (in fact, when discovered,
responders had to trek partway). There were reports that no helicopters were immediately available for search the air
force had some, but they were not deployed overnight (possibly due to weather or lack of night SAR capability). So,
search teams were literally driving around or walking in the dark. At the site, once found, they lacked lighting
equipment; initial recovery was done with flashlights until daylight. Communications equipment as noted was obsolete
many responders had no reliable radios. Also, critically, the firefighting resources were essentially moot by the time
they arrived (over 12 hours later). But even if they had found it earlier, one wonders: did they have sufficient foam and
water capacity? A look at another 2005 Nigerian crash (Sosoliso) found that airport fire trucks had empty or insufficient
foam and the airport’s water hydrant was dry, leading to inability to quell the post-crash fire. It's likely Lagos had
somewhat better resources as a bigger airport, but sending those outside the airport into rough terrain at night would
have been challenging. Nigeria’s Federal Fire Service did eventually reach the scene - but lacking specialized crash
rescue tools, they mostly assisted in body recovery. There were no air-liftable medical evacuation units - injured
survivors (if any had existed) would have had to endure a very delayed ground transport. Another infrastructure factor
emergency road access and signage - searchers had trouble navigating to the crash because roads were poor and not
well mapped, reflecting broader infrastructure issues in rural areas. All these shortcomings in equipment and
infrastructure contributed to the long delay and limited capabilities of the response. As Edeaghe et al. pointedly list:
“obsolete communication equipment, non-functional radar, over-age poorly maintained aircraft...” - the over-age
aircraft bit refers to accident cause perhaps, but it also hints the entire system’s infrastructure was antiquated.

5.5.2. Afriqiyah 2010 (Libya)

Libya’s infrastructure and equipment for emergency response were notably superior. Tripoli International Airport had
a modern ARFF fleet; images and reports show large Oshkosh or equivalent crash tenders that responded swiftly
(capable of carrying thousands of liters of foam). The airport’s proximity and good access roads allowed these units to
reach the site quickly. Additionally, communications infrastructure at the airport was up-to-date (digital radios,
communication between tower and fire, etc.). The fact that the fire crews knocked down the fire quickly implies they
had sufficient firefighting agent and the right equipment (roof turrets, etc.). Medical infrastructure also played a role -
Tripoli is a capital city, so multiple hospitals with trauma care were available. The survivor was taken to a well-equipped
hospital where surgery was done the same morning. In contrast, had someone survived Bellview, the nearest hospitals
in Ikeja or Lagos might have been reachable in an hour or two, but it's moot since none survived the overnight wait.
Another aspect: airport infrastructure (runways, lighting) - in Tripoli, the crash was near the runway, so the area was
partly illuminated, and airport power was intact; that helps nighttime or dawn operations. In Nigeria, the search area
was unlit bushland. Libya’s emergency ops center had power, communications lines, etc. Also, personal protective
equipment (PPE) for responders in Libya was better - one can see in photos responders with masks, proper fire suits,
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whereas in Nigeria, some responders (like villagers or local officials) at the site were in regular clothes, which could
pose safety risks.

One interesting note: in Tripoli’s case, they had sufficient body bags and supplies to manage 103 fatalities promptly
(with help from Red Crescent). Nigeria in 2005 faced issues collecting bodies due to fewer resources and had to wait for
more body bags and trucks the following day. This indicates logistic preparedness differences.

Infrastructure also includes organizational infrastructure like established emergency call lines. In Libya, presumably
one call from ATC to fire dispatch and the whole system was activated (thanks to a dedicated crash alarm system as
required by ICAO). Nigeria’s notification chain was slower - after ATC lost contact, they had to call various agencies
manually, with no immediate crash alarm triggered because location was unknown.

5.5.3. Comparison

The Afrigiyah response benefitted from modern, well-maintained equipment and urban infrastructure, enabling prompt
action and effective firefighting/rescue. The Bellview response was crippled by outdated or non-existent equipment
and the crash’s remote location with poor infrastructure. In Bellview, even the basics (like being able to locate the plane
or communicate reliably) were missing; in Afriqgiyah, advanced tools (like aircraft rescue trucks, ambulances, etc.) were
readily used.

This highlights a typical disparity in aviation emergency outcomes: resource-rich environments vs. resource-
constrained environments. It also underscores that human performance is contingent on having the right tools. Even
the best-trained team in Nigeria 2005 could do little without functional radar or a helicopter to find the crash at night.
Conversely, moderate performance in Libya’s team could achieve more thanks to equipment like thermal imagers or
powerful floodlights on their fire trucks.

5.5.4. The outcomes speak volumes

In Libya, fire was controlled, one life saved; in Nigeria, wreckage smoldered all night, no chance of life. That’s partly
equipment (and partly timing).

Post-incident, improvements in infrastructure were targeted: Nigeria, for instance, acquired some search-and-rescue
helicopters and established COSPAS-SARSAT beacon monitoring in later years (the Nigerian SAR service). Also, they
improved airport firefighting equipment following criticisms. But in 2005, those were lacking.

Libya, prior to 2011, was investing in modernizing its airports and presumably emergency gear. That paid off in this
case. It’s an ironic tragedy that the country’s subsequent turmoil may have degraded those capabilities.

In summary, Bellview’s response was hampered by inadequate infrastructure and equipment - effectively a case of
responders being under-equipped and technologically blind. Afrigiyah’s response was facilitated by robust
infrastructure and equipment - a well-equipped airport rescue service that could respond optimally. This contrast
reinforces the importance of investing in emergency response infrastructure as part of safety management (as
recommended in Zimbabwe’s study: “build capacity in terms of funding, equipment and training”).

5.6. Thematic Findings: Organizational Culture and Policy

Organizational culture and policy refer to the prevailing attitudes, norms, and administrative frameworks within which
the emergency response agencies operate - including how much emphasis is placed on safety, accountability, and
learning, as well as the clarity of policies guiding emergency management. These underlying factors influenced both
preparedness and real-time decision-making in the cases.

5.6.1. Bellview 2005 (Nigeria)

The organizational culture in Nigerian aviation at that time has been described as reactive and, in some respects,
dysfunctional. There was a lack of a strong safety culture. For instance, Nigeria’s regulatory oversight was weak -
airlines operated older aircraft with maintenance issues, and by extension, emergency preparedness was not
prioritized. This reflects a culture where prevention and preparation were undervalued. When the crash occurred, an
aspect of organizational culture that emerged was blame-shifting. Edeaghe et al. note evidence of “buck passing”
between agencies. This suggests a culture where agencies protect their turf or image rather than collaborating - possibly
fueled by fear of blame from higher-ups. The immediate speculation by some officials that the crash might be due to

3592



International Journal of Science and Research Archive, 2024, 13(01), 3563-3605

sabotage (thus deflecting from systemic issues) indicates a culture of denial and scapegoating rather than introspection.
Policy-wise, Nigeria had emergency plans on paper (NEMA existed since 1999), but enforcement and implementation
were lacking. There seemed to be no policy compelling joint drills or clearly delineating authority. Also, resource
allocation policies were poor - emergency services were under-funded (a cultural symptom of not valuing emergency
readiness). After the crashes, President Obasanjo famously lambasted the aviation agencies and restructured them,
implying that previously the leadership maybe had become complacent or even corrupt (some reports alluded that
funds meant for equipment were misused). So, organizational culture issues such as complacency, insufficient
accountability, and inter-agency rivalry hindered an effective unified response. Another cultural dimension: respect for
hierarchy might have slowed response - e.g., local responders waiting for federal orders instead of acting autonomously
(perhaps thinking they might be reprimanded if they acted out of turn). The policy gap in search-and-rescue was stark:
Nigeria did not have a dedicated SAR unit in 2005, relying on ad-hoc arrangements. This points to a policy-level neglect
of that capability. It took these disasters to push policy changes, like drafting a National SAR plan.

5.6.2. Afriqiyah 2010 (Libya)

The organizational culture in Libya’s aviation community in 2010 was somewhat in transition. On one hand, Afrigiyah
Airways as an airline was striving for international standards (it was relatively new, aiming to be a world-class carrier).
On the governmental side, Libya under Gaddafi had a centralized, controlled culture - not very transparent but possibly
efficient in mobilizing resources when ordered. During the response, the culture of the airport emergency services
seemed professional - likely influenced by ICAO compliance and training ties (Libya had cooperation with European
aviation at that time). There was a sense of duty and proactive effort among responders (they really worked hard to
find any sign of life, and succeeded with the boy). Policy-wise, Libya had an Aerodrome Emergency Plan at Tripoli, in
line with ICAO standards. The execution of that plan showed that agencies understood their roles (a product of both
culture and training). However, the crisis revealed a potential cultural trait of strict adherence to protocol from
leadership, even when improvisation might help. This could be from a culture of bureaucratic rigidity or fear of making
mistakes. For example, the investigators initially might have been hesitant to share information with foreign
counterparts due to protocol, as noted in the analysis that Libya hindered improvisation by trying to stick to rules.
Eventually, they did adapt (e.g., probably let Dutch investigators partake fully). But that initial stiffness highlights a
difference: Nigeria’s culture led to under-coordination; Libya’s might have led to over-control. Another aspect: in Libya,
since it was a government-owned airline and a state-run airport, there was unified ownership of the problem - they
couldn’t blame an outsider. So, the culture was to handle it internally and maintain national image by doing it well. They
communicated relatively transparently about the cause (later they admitted pilot error publicly, which some cultures
might try to hide). So, one could say the culture was cautiously open and improvement-oriented, at least more so than
Nigeria’s of that era.

5.6.3. Learning and Accountability

Post-incident actions reflect culture too. After Bellview and other 2005 crashes, Nigeria’s government fired and
reshuffled officials, implying a culture of reactive accountability. They also invited foreign assistance for safety
improvement (FAA did assessments, etc.), showing willingness to change under pressure. In Libya, after Afrigiyah 771,
the recommendations from the investigation (like improving go-around policies for pilots) were implemented by the
airline; emergency response-wise, since one life was saved, there was more pride than soul-searching, but the internal
analysis did highlight areas to improve in crisis handling (like updating protocols).

e  Another cultural note: community involvement - in Nigeria, villagers were significant in eventually locating the
crash. That speaks to a communal response culture - local people stepped up despite risk. That is a positive
cultural trait in many African contexts (community solidarity). But without official coordination, it can only do
so much. In Libya, community wasn’t a factor since it was on airport; but the responders themselves acted as a
close-knit team (one could call that a culture of teamwork fostered by training).

e Toillustrate policy differences: Nigeria lacked a dedicated Emergency Operations Center (EOC) at the airport -
after this, they established one. Libya’s airport presumably had an EOC which was activated, as per ICAO
guidelines.

In summary, Nigeria’s organizational culture and policy environment in 2005 was not conducive to effective emergency
response - it suffered from poor safety culture, unclear authority, inter-agency distrust, and inadequate prioritization
of emergency preparedness. Libya’s organizational culture in 2010 had a stronger safety and duty ethos among
operators, and its policies for airport emergency response were clearer, though a top-down rigidity was noted. Culture
influenced how people behaved: Nigeria’s responders perhaps hesitated or acted at cross purposes due to systemic
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issues, whereas Libya’s followed a structured plan under unified command due to a more disciplined organizational

environment.

These cultural and policy factors are the hardest to quantify but arguably among the most important - they set the stage
upon which all the other factors (training, communication, etc.) play out. An improvement in culture - like embracing a
“just culture” (where people report issues without fear) and a collaborative ethos - can greatly improve emergency
outcomes over time. The case studies show the consequences when culture and policy are misaligned with safety: in
Nigeria, tragedies led to wake-up calls for policy change; in Libya, a culture of competence saved a life, but perhaps a
more open culture could have further improved multi-national coordination.

Having examined each theme, we can now synthesize how these factors collectively impacted the outcomes and draw
broader insights for theory and practice, which will be discussed in the next section.
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Figure 4 Comparative severity of human factor issues in the emergency responses of the two case studies (based on
analysis). Each category is rated on a severity scale of 0 (no issue) to 5 (severe issue) for Nigeria 2005 (Bellview) vs.
Libya 2010 (Afrigiyah). Nigeria’s response was severely hindered in all categories (red bars at 5), while Libya’s had
moderate or minor issues (blue bars). This visualization highlights the much greater human factors challenges in the
Nigerian case

Table 3 Summary of Key Human Factors Issues Identified in Each Case

Human Factor | Nigeria 2005 (Bellview Flight | Libya 2010 (Afriqiyah Flight 771)
Category 210)
Training and | - No recent full-scale drills; | - Regular ARFF training evident; responders acted
Preparedness responders unpracticed. swiftly and correctly.
- SAR teams lacked training in | - Some lack in higher-level crisis management training
coordinated search; delays and | (protocol gaps requiring improvisation).
confusion resulted. - Overall, front-line preparedness was strong, broader
- Little familiarity with ICS; roles and | contingency planning moderate.
responsibilities not internalized.
Communication - Obsolete comms equipment; no | - Effective on-site comms: fire brigade promptly

radar tracking or reliable crash alert.

- Poor inter-agency comms:
information sharing was
fragmented, conflicting reports
spread.

reported status to ATC.

- Unified communications at airport EOC enabled
coherent response (tower-fire-police).

- Later, some difficulty in info flow to foreign
stakeholders (indicative of hierarchical info control).
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- Public communication mishandled,
with late and contradictory
statements.

Public info was timely and accurate (minister’s press
briefing).

Leadership  and

Coordination

- No clear Incident Commander
initially; agencies operated in silos.

- Coordination was ad-hoc and slow;
“buck passing” between NEMA, state
authorities, etc. hindered unity of
effort.

- Incident command structure
established only after significant
delay (reactive).

- Evident wunified command on-scene; airport
emergency hierarchy functioned (fire chief/airport
mgmt led tactical ops).

- Multi-agency teams (fire, medical, security) worked in
concert with minimal conflict.

- Leadership was decisive in immediate rescue; some
rigidity at higher levels but did not impede initial
response.

Infrastructure and
Equipment

- Lacking critical infrastructure: no
functional crash location aids
(radar/ELT).

- Inadequate equipment: few or no
night-vision or aerial search assets;
limited vehicles could reach site.

- Basic rescue gear (lighting, cutting

tools) insufficient on-scene until
much later.

- Modern ARFF vehicles and equipment on-site; ample
foam and firefighting capability used effectively.

- Good road/access infrastructure; crash near airport
eased logistics.

- Medical evacuation resources available (ambulances,
nearby hospital) - survivor received prompt care.

Org. Culture and
Policy

- Poor safety culture; emergency
preparedness not a priority pre-
crash.

- Inter-agency distrust and blame
culture (fear of repercussions
hampered cooperation).

- No robust policy framework for
joint SAR; plans existed but not
enforced or practiced.

- Reactive approach: improvements
came only after tragedy (indicative
of learn-by-disaster culture).

- Proactive safety and duty culture at operational level;
responders took initiative to fulfill roles.

- Strong compliance culture: adherence to plan was
good, though slight bureaucratic over-control noted.

- Policy: Airport had ICAO-compliant emergency plan,
which was activated effectively. Government managed
information centrally (culture of control, but ultimately
effective in this case).

- Learning orientation: investigation findings were
addressed (e.g., pilot training recommendations),
showing a culture of applying lessons.

This table encapsulates the comparative human factors landscape of the two cases, underscoring how Bellview’s
emergency response was hampered by systemic weaknesses across the board, whereas Afriqiyah’s was bolstered by
better preparation, resources, and coordination (with relatively minor issues in the grand scheme).

With these results detailed, we proceed to discuss their implications, connect them to the theoretical frameworks, and
outline recommendations in the following Discussion section.

6. Discussion

6.1. Interpretation of Findings

The comparative analysis of the Bellview 2005 and Afrigiyah 2010 emergency responses offers a vivid illustration of
how human factors can drastically shape outcomes in aviation emergencies. Interpreting the findings, we see a classic
case of “holes” in the safety net aligning in Nigeria’s response (to use Reason’s Swiss cheese metaphor), versus a largely
intact set of defenses in Libya’s response.

In Nigeria, latent organizational failures (poor training programs, lack of SAR infrastructure, unclear command policy)
combined with active failures (miscommunications, leadership vacillation) to produce an ineffective response. For
instance, the absence of functional radar and coordinated plans was a latent condition; when the crash occurred, the
active errors were confusion in search direction and delay in deployment - these aligned to result in a critical delay that
likely extinguished any survival opportunity. This mirrors Reason’s model: multiple defense layers (technology,
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procedures, human actions) all had “holes” that lined up. The Swiss cheese model thus can be applied not just to the
cause of the crash, but to the cause of the failed rescue. If we map the four levels Reason hypothesized: at the
Organizational level, Nigeria had inadequate emergency preparedness policy; at the Unsafe Supervision level, there was
lack of oversight and direction in the response; at Preconditions level, responders were undertrained and ill-equipped
(adverse state); and at the Unsafe Acts level, there were errors like misinformation and uncoordinated actions. All levels
contributed to the failure trajectory (Figure 1 in results conceptually showed how such holes can align, and indeed they
did in Bellview’s case).

In Libya’s case, defenses were much stronger. Using HFACS terminology, we see far fewer “Unsafe Acts” - responders
generally acted correctly (no major errors or protocol violations reported). Preconditions were favorable: good
equipment, trained staff (so condition of operators was sound). Supervision was present (incident command in effect),
and Organizational influence was positive (a safety-compliant emergency plan, a culture that valued effective response).
As aresult, the holes in the Swiss cheese layers did not align fully; most layers held, stopping the disaster’s consequences
from getting worse. The only “hole” one might argue is that some organizational rigidity might have hampered info flow
later, but that did not critically affect the immediate life-saving response. In essence, Libya’s response demonstrates
how a robust human factors ecosystem - training, comms, leadership, infrastructure, culture - can dramatically mitigate
the outcomes of an accident. One life was saved in a crash that had a 100% fatality probability if response were delayed
or bungled.

6.1.1. Implications for Human Factors Theory

The findings reinforce the importance of extending human factors analysis beyond accident causation into the
emergency response phase. Traditionally, HFACS and similar frameworks analyze why accidents happen; here we
applied similar thinking to why rescue outcomes happen or fail. We find that the same multi-layer logic holds: accidents
(and by extension, emergency outcomes) are rarely solely due to one level of failure (e.g., just a responder’s error). They
stem from an interplay of latent conditions (preparedness, policies) and active conditions (actions on the day). Thus, in
theoretical terms, the Swiss cheese model is equally valid for analyzing emergency response failures as it is for accidents
themselves. This is an important insight because it suggests that when investigating accidents, authorities should devote
as much rigor to examining the rescue phase as they do the cause, using human factors lenses. For example, accident
investigation reports might incorporate a “Survival Factors” analysis (NTSB does this in the US), which should explicitly
identify human factors in the emergency response that either prevented or enabled survivability. Our study provides a
template for such an analysis.

The differences between the cases also highlight the role of context in human factors - particularly the regional and
developmental context. West and North Africa differed in resources and perhaps management styles, which influenced
their emergency handling. This suggests that human factors models must consider environmental and cultural factors
(the “Environment” in SHELL, for instance, includes social/organizational climate). Cultural dimensions (like power
distance, collectivism vs. bureaucracy) likely played a role in leadership behaviors we observed. Nigeria’s response
culture at the time might be characterized by a more hierarchical, risk-averse bureaucracy lacking empowerment of
front-line decisions - which contributed to inaction and waiting for orders. Libya’s, while also hierarchical, seemed to
have competent delegation to on-scene leaders. This implies that Human Factors frameworks like HFACS could benefit
from integrating cultural factors explicitly when applied internationally. Perhaps an extended HFACS taxonomy for
emergency response could include items like “Organizational culture: e.g., blame culture, just culture, etc.” as an
influencing factor.

6.1.2. Linking to prior literature

Our findings align with existing research in several ways. The critical role of communication and coordination failures
in disasters is well documented (e.g., in emergency management literature, poor communication is a top cited factor for
mishandling crises). We confirmed that in a concrete aviation context. The importance of regular training and drills
resonates with guidelines and studies (like Rwanda’s recommendation for more trainings) - our case of Nigeria shows
the dire consequence when drills hadn’t been done. Adjekum (2022) stressed balancing technical and non-technical
training in African aviation- our results illustrate that concept: Nigeria had perhaps technically qualified individuals,
but non-technical skills (decision-making, coordination) were lacking; Libya’s responders had both technical and non-
technical competencies.

6.1.3. Insight on Survival Outcomes

It is worth noting how these human factors translated into survival outcomes. In Bellview’s crash, given the nature
(nose-dive from altitude, high impact), survival was unlikely regardless; however, any small chance (if, say, a couple
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passengers survived initial impact with critical injuries) was squandered by how long it took to find the wreck. In
Sosoliso 2005 (not our main case but related context), many survived the crash only to die from fire because emergency
response at the airport was poor - a very direct link between human factors and lives lost. In Afrigiyah’s crash, only one
person survived initial impact, and that person is alive today solely because responders reached him in minutes.
Statistically, this is one data point, but it powerfully demonstrates that timely, effective emergency response (driven by
good human factors) can turn a fatal accident into one with a survivor. The difference between 100% fatal and 99%
fatal came down to the performance of people and systems on the ground. This underscores to both practitioners and
theorists that investment in the “mitigation” side of safety (emergency response) is as important as in prevention -
something Reason’s model and others sometimes underemphasize (they focus on avoiding the accident, but less on
mitigating it). The concept of “resilience engineering” in safety science might be relevant here: building systems that
can recover from failure. Libya’s case shows resilience (the system failed by having a crash, but it ‘bounced back’ by
saving a life and handling aftermath), whereas Nigeria’s case shows brittleness (when failure happened, the system
collapsed in response).

6.2. Implications for Human Factors Theory and Aviation Safety

The outcomes of this research carry several implications for human factors theory and the practice of aviation safety,
particularly in the context of emergency response

6.2.1. Broadening the Scope of Human Factors in Safety Management

Traditionally, human factors efforts (training, reporting, etc.) in aviation have focused on accident prevention (pilots,
ATC, maintenance). Our study indicates that equally rigorous human factors programs need to be applied to emergency
responders and crisis managers. In other words, human factors are not just for preventing the crash, but also for
managing the crash. This suggests that safety management systems (SMS) under ICAO should integrate emergency
response human performance as a key component. For instance, SMS might include regular human factors audits of
airport emergency drills (checking communication, decision-making under stress, etc.). The theory of SMS’s continuous
improvement can thus extend to post-accident phase: analyzing human performance in drills or real events and feeding
back improvements.

6.2.2. Validation and Extension of Models

The successful application of models like Swiss cheese and HFACS to these cases validates their utility beyond their
original scope. It also provides an opportunity to extend them. For example, HFACS could be extended with a new top-
level element for “Emergency Response Preparedness” when analyzing accidents - capturing whether organizational
factors in emergency planning contributed to outcomes. Also, the SHELL model was visible in our results: we saw
Liveware-Software mismatches (responders vs. inadequate procedures) in Nigeria, Liveware-Hardware mismatches
(responders vs. lacking equipment), etc., which led to error. Addressing those mismatches (e.g., providing hardware like
radios that match responder needs) would improve performance. Thus, these models remain highly relevant and can
be used diagnostically by investigators examining rescue operations.

6.2.3. Human Performance Limitations in High-Stress Environments

Our analysis underscores certain predictable human performance issues under stress - tunnel vision, confusion,
information overload. In Nigeria's chaotic response, individuals likely experienced cognitive overload - multiple
agencies scrambling with no clarity can overwhelm decision-making. Conversely, in Libya’s controlled response, we see
the benefits of prepared cognitive frameworks (like checklists and ICS structure) that help humans manage high stress
by providing clear guidance. This reaffirms the theoretical stance that structured frameworks (like ICS, standard
operating procedures) enhance human reliability in emergencies by reducing the cognitive load and ambiguity. It also
ties into crew resource management (CRM) principles: leadership, communication, teamwork - which clearly either
failed or succeeded in our cases. We can conclude that emergency response teams should receive training akin to CRM
for multi-team environments.

6.2.4. Cultural and Regional Factors in Human Factors

The differences we observed highlight that human factors solutions cannot be one-size-fits-all globally; they must
consider local context. For theory, this means models should incorporate “contextual moderators” - e.g., developing-
world infrastructure constraints, cultural attitudes towards authority — when predicting human performance. For
practice, interventions in Africa might prioritize basic infrastructure and clear authority delineation, whereas
interventions in, say, North America (where infrastructure is baseline good) might focus on, say, inter-agency
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communication protocols and managing media. In essence, our findings encourage a more socio-technical systems
perspective - human factors don’t operate in a vacuum; it’s influenced by technology available and societal context.

6.2.5. Just Culture and Reporting

The reluctance of Nigerian agencies to own up to mistakes initially suggests a lack of “just culture.” If individuals fear
punishment, they hide errors or avoid responsibility (which may have happened in the slow response initiation).
Promoting a just culture in emergency services means responders can communicate failures or needs without fear,
enabling quicker adjustments and learning. The improvements after Nigerian crashes (commissions of inquiry, etc.)
were more top-down. For long-term improvement, encouraging internal reporting (like fire crews reporting equipment
shortfalls or communication issues during drills) is vital. Theoretically, this extends “just culture” concept - usually
discussed for pilots/controllers - to emergency responders.

6.3. Implications for Aviation Safety Practice and Policy

e Resource Investment: Aviation regulators and governments, especially in developing regions, should glean that
investing in emergency response infrastructure and training is not optional or secondary - it’s a critical part of
aviation safety. The cost in human life and reputation from a poorly handled emergency can be enormous. For
example, after 2005, Nigeria’s reputation was hit hard, possibly affecting its aviation industry viability until
improvements were seen. Bodies like ICAO might use case studies like this to convince states to meet
obligations under Annex 14 (e.g., having proper emergency equipment and conducting exercises). The disparity
in outcomes is a persuasive case for those investments.

e Mandatory Drills and Audits: The findings support stricter enforcement of requirements for full-scale
emergency exercises. It may not be enough to require them; there should be quality audits of these drills.
Perhaps a “human factors audit” can be integrated into airport certification: an observer evaluates how well
communication and coordination were in the drill (not just whether it was held). This would push airports to
not treat drills as checkbox exercises but to truly practice and improve.

o Integrating Emergency Response in Safety Management Systems (SMS): Modern safety management
encourages proactive hazard identification. Emergency response shortcomings are hazards. Airlines and
airports could incorporate worst-case emergency response scenarios in their risk assessments. Our study
would classify poor SAR capability as a safety risk with high consequence (if accident happens). Mitigations
(like improving SAR) should be tracked in the SMS. Essentially, bridging the gap between flight safety and
ground emergency management into one continuum of safety.

e Multi-agency Coordination Protocols: Countries should establish clear national frameworks for who leads
aviation SAR and airport emergencies, and these should be drilled. The Rwanda example where airline and
airport plans weren’t synchronized is a common global issue (as also seen in some Western accidents). Our
findings re-emphasize that all stakeholders (airlines, airports, local authorities) must be on the same page.
Standardizing terminology and roles (like adopting ICS globally for aviation incidents) might be beneficial.
Infact, one outcome is that ICAO could consider developing guidance material specifically on multi-agency
coordination in aerodrome emergencies, similar to how some states have ICS guidelines.

e Learning from Success: The Afrigiyah case, despite the tragic loss of life, is often cited as a success for the one
survivor. Aviation safety can study what went right there as much as it studies what went wrong in others. For
instance, the quick response in Tripoli could be used as a benchmark - how did they achieve 10 min response?
(It likely meets ICAO’s “response time” standard, showing those standards are valid). Encouraging airports to
meet or beat that standard is important.

e Human factors training for responders: Just as crew get CRM, emergency responders could benefit from
adapted CRM training - focusing on communication, teamwork, leadership under crisis. The evidence,
especially from Nigeria’s case, suggests deficits in those areas exacerbated problems. Some airports do this (e.g.,
involving fire chiefs in CRM workshops with pilots, since they may interface). We recommend making such
cross-disciplinary human factors training more routine.

e Policy Pressure and Accountability: After disasters, public inquiries can lead to change (as seen in Nigeria). But
ideally, proactive accountability - where agencies are regularly evaluated on emergency readiness - would
keep the system robust. Possibly, ICAO’s Universal Safety Oversight Audit Programme (USOAP) could place
more emphasis on Annex 14 emergency planning compliance, not just technical ops. Countries performing
poorly in that should get assistance or face some pressure to improve, as it’s part of overall safety.

In conclusion, our findings strengthen the argument that human factors are central to all phases of aviation safety - not

only to preventing accidents but to limiting their consequences. A holistic safety approach must integrate prevention
and response. Theoretically, it bridges gap between safety-I (avoiding things go wrong) and safety-II (ensuring things
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go right when they do go wrong). The two case studies taught in tandem provide a powerful lesson: The same region
(Africa), similar timeframe, but drastically different outcomes due to human and systemic readiness. That is both a
cautionary tale and a hopeful one - it shows that improvement is possible (from Nigeria’s dark days to Libya’s better
performance, or even Nigeria’s subsequent improvements).

By addressing the identified gaps - training, communication, leadership, resources, and culture - aviation authorities
can markedly improve resilience to accidents. Our research, hopefully, serves as an evidence-based clarion call for these
improvements in West and North Africa and beyond.

6.4. Regional Insights: Cultural, Economic, and Political Context

The case studies shed light on how regional context - cultural norms, economic conditions, and political factors -
interplay with human factors in aviation safety, particularly in Africa.

6.4.1. Cultural Context

West and North Africa have rich but different cultural tapestries, yet some commonalities exist that affect organizational
behavior. One salient cultural aspect is respect for hierarchy and authority. In Nigeria 2005, deference to authority may
have contributed to responders waiting for “orders from above” rather than acting proactively. A junior officer might
be reluctant to take charge or deviate from protocol for fear of reprimand - a trait of high-power distance cultures. This
cultural inclination can slow emergency responses unless protocols explicitly empower front-liners. In Libya 2010,
hierarchy was also present (given the centralized governance structure), but interestingly, on-scene teams did act
swiftly - perhaps because the culture within the fire brigade prioritized duty to save lives over bureaucratic approval.
That could be due to a sub-culture of professionalism in that team, fostered by training possibly provided in
collaboration with international bodies. Another cultural element is collectivism vs. individualism. African societies tend
to be collectivist; this can be beneficial in crises (community helping each other, strong sense of responsibility to the
group). Indeed, villagers in Nigeria spontaneously assisted in search, and responders in Libya likely felt a communal
sense of pride in saving a child (the media hailed the “miracle boy” and Libya took pride in his survival). However,
collectivism paired with hierarchy can also mean people wait for a leader to tell the collective what to do. The key is to
channel collectivist spirit into organized team efforts through clear leadership.

6.4.2. Economic Context

Economics heavily influence infrastructure and resources. Nigeria in 2005 was emerging from years of underinvestment
in aviation; its GDP per capita was relatively low and corruption had siphoned funds from public services, leaving
emergency services underfunded. This economic reality manifested in obsolete equipment and insufficient SAR
capability. Libya in 2010, buoyed by oil wealth (despite sanctions earlier), had invested in modernizing Tripoli Airport
and its services. Money can’t buy competence directly, but it buys training, equipment, and manpower - which then
need to be managed well. The stark contrast in gear (radar, fire trucks) is largely economic. That said, wealth doesn’t
guarantee safety culture (some rich states have poor safety records if culture is lacking). In Libya’s case, it appears the
investment was coupled with at least some adherence to international standards, giving a good ROI in terms of safety
outcome. These cases thus highlight to poorer nations that strategic investment in safety infrastructure is vital - a
challenge when budgets are tight. International support (from ICAO, World Bank, etc.) might be needed to help lower-
income countries acquire critical SAR assets. Since our timeframe, Nigeria indeed acquired new fire trucks and satcom
equipment, partly through such assistance, suggesting recognition of that need.

6.4.3. Political Context

Political will and stability play roles too. Nigeria’s political response to the 2005 crashes was strong - President
Obasanjo publicly scolded aviation agencies and demanded reform. This top-down pressure led to changes (e.g., new
Civil Aviation Act in 2006, reshuffle of agencies). It indicates that a political shock was needed to muster will to fix
systemic issues. In Libya, the political context was unique: the Gaddafi regime maintained a strong grip; while not known
for transparency, it did not want international embarrassment. The quick press conference and openness to foreign
investigators might have been politically calculated to show Libya as responsible and cooperative (given it was trying
to normalize international relations at the time). However, the later hindrance of improvisation in investigation could
also reflect political caution - e.g., not wanting foreigners to overstep in their territory, or fear of revealing too much.

6.4.4. One crucial political factor

Regulatory oversight and governance. Nigeria’'s oversight was weak in 2005 due to politicization and corruption (safety
regulators were accused of being too lenient, possibly accepting bribes, etc.). That ethos likely extended to emergency
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preparedness - it wasn’t enforced rigorously. After reforms, Nigeria’'s NCAA got more autonomy and implemented
stricter rules, which included emergency plan requirements. In Libya, the state-run system meant if leadership directed
improvements, they happened (but it also meant if leadership didn’t prioritize something, it wouldn’t happen -
autocratic efficiency can be double-edged). For example, Libyan leadership prioritized a good international image for
Tripoli airport, hence presumably funded ARFF well. But had this crash happened far from an international airport,
Libyan SAR might have been less capable (we don’t have evidence, but often capabilities concentrate at main hubs).

6.4.5. Regional Collaboration

Both cases suggest the need for regional approaches. West Africa has an entity (WASA - West African Search and Rescue
organization, spurred by ICAO) created after seeing gaps. If Nigeria had reached out early to neighbors or utilized
international satellite data, site location might have been quicker. In North Africa, after Afrigiyah, one outcome was
better collaboration with European SAR (since many European lives were involved, I recall European experts
participated in post-crash victim identification and support). So politically, accidents can serve to either strain or
strengthen cross-border ties. The Libyan case somewhat strengthened ties (Dutch PM Balkenende publicly thanked
Libyan medics for caring for the boy, etc.), showing how a well-handled response can foster goodwill. Conversely,
Nigeria’s handling initially drew criticism internally and from foreign observers (some media pointed to it as evidence
of Nigeria’s systemic problems).

6.4.6. Implications of Context for Safety Improvements

Cultural change is the hardest - but Nigeria’s case shows it can change under pressure. Over 15 years, Nigeria’s aviation
safety culture did improve (the fact that from 2012 onward Nigeria passed ICAO audits and had better accident rates
attests to some shift). Such change required leadership committed to reform and a series of successful safe years to
reinforce confidence. Countries with similar issues can learn from Nigeria’s arc - initial denial and dysfunction, tragedy,
reform, improvement. We've effectively chronicled an example of safety culture evolution through these cases.

6.4.7. For practitioners, acknowledging context means tailoring solutions

e.g., in a country where hierarchy is strong, maybe emergency plans should explicitly authorize the first responder on
scene to act as Incident Commander until relieved by higher authority - to empower action. Training in those contexts
might involve scenario-based exercises where junior officers must make decisions (to break the cultural hesitation).
Economically, poorer states might prioritize investing in multi-purpose assets - e.g., a helicopter that can do SAR and
other roles - and seeking donor support. Politically, creating accountability mechanisms (perhaps via regional bodies
or public reporting of drill performance) might sustain focus beyond just reaction to accidents.

Finally, these case differences highlight that Africa is not monolithic in safety capacity - there are centers of excellence
and areas of weakness. Peer learning within the region could be beneficial: e.g., the team at Tripoli airport (at least pre-
2011) could have trained counterparts in other African airports. In fact, North African countries like Egypt have had
decent emergency response (Egypt’s handling of a 2016 engine fire where everyone evacuated safely, etc.). Regional
workshops under ICAO’s AFI (African-Indian Ocean region) plan and the RASG-AFI (Regional Safety Group) have been
pushing these lessons. Our study gives concrete evidence backing those initiatives.

6.5. Policy and Practice Recommendations

Drawing from the analysis of these two cases, we propose a number of recommendations to strengthen human factors
in airport emergency responses, tailored especially for West and North African aviation stakeholders but broadly
applicable elsewhere. These recommendations target different levels: organizational, regulatory, and training practices.

6.5.1. Institutionalize Regular Multi-Agency Emergency Drills and Training

Airports and national authorities must conduct full-scale emergency exercises at least once every two years (as ICAO
requires), and table-top or partial exercises annually - but crucially, ensure all relevant agencies (airport fire and
medical services, airlines, local civil defense, military, ATC, hospitals) participate and practice together. Drills should be
as realistic as possible, including night-time scenarios and off-airport crash simulations (for SAR practice in remote
areas). Importantly, these drills should be evaluated and debriefed to identify communication or coordination lapses.
For example, had Nigeria held a realistic drill pre-2005 involving a “missing aircraft” scenario, they might have
discovered the radar/communication gap beforehand and fixed it. Recommendation: Civil aviation regulators should
require proof of multi-agency drills and track corrective actions from drill findings. Where resource constraints exist,
seek regional cooperation; e.g., neighboring countries can do joint SAR exercises (since crashes can occur near borders
or involve foreign assistance).
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6.5.2. Strengthen Communication Systems and Protocols

Ensure that all emergency responders have access to interoperable communication tools. This could mean investing in
a common emergency radio frequency/network for police, fire, ambulance, etc. around airports. Additionally, equip
airports with modern surveillance tools: secondary radar or ADS-B coverage feeding into SAR, and satellite ELT
monitoring (Nigeria has since joined the COSPAS-SARSAT beacon program; other states should do the same). Protocol-
wise, establish clear communication hierarchy - designate a single coordination center (EOC) that aggregates and
disseminates information to all agencies and the public. Standard operating procedures (SOPs) for initial notification
should be explicit: e.g., “If contact lost and no crash site confirmed within X minutes, immediately activate national SAR
plan and notify military helicopters, etc.” This pre-empts the delay of waiting to be sure of a crash. In essence, treat an
unlocated missing aircraft as an emergency until proven otherwise (apply the precautionary principle). Regular training
on radio discipline and inter-agency comms, as Rwanda emphasized, is needed so that during a crisis, radio channels
remain clear and messages are passed correctly.

6.5.3. Implement and Train Incident Command System (ICS)

Adopting a structured ICS or equivalent unified command framework is critical. All responders should know who is in
charge at every stage and how command transitions if needed. We recommend that African states adapt the ICS model
(used widely in US/Europe) to their context and incorporate it into emergency plans. This includes setting up an on-
scene Incident Commander (often senior fire officer for a crash) and an Emergency Operations Center that supports
them. Training should be provided across agencies on ICS principles - roles like Operations, Planning, Liaison, Public
Information Officer, etc., should be defined and practiced. This directly addresses the leadership/coordination
breakdown seen in Nigeria. When everyone speaks the language of ICS, “buck passing” is reduced because roles are pre-
defined. Moreover, regional training workshops (perhaps under AU or ICAO AFI Plan) could be organized to train
officers in ICS, creating a common doctrine. Countries like Ghana, Kenya, South Africa already use ICS in disaster
response; sharing that knowledge regionally would be beneficial.

6.5.4. Invest in Emergency Response Infrastructure and Equipment

Governments should assess and upgrade their emergency response assets. This includes

o Firefighting Vehicles and Equipment: Ensure each international airport has the required category of ARFF
vehicles (with backup units) and that they are well-maintained and staffed. Stock sufficient firefighting foam
and rescue tools (e.g., hydraulic cutters, breathing apparatus). Also, consider rapid intervention vehicles for
quick response.

e Search and Rescue (SAR) Capability: Develop a national SAR plan that includes dedicated helicopters or access
to military helicopters for aerial search. Equip them with night/all-weather capability like FLIR (forward-
looking infrared) for night searches. The cost can be high, so states can pool resources regionally - for example,
a SAR helicopter could cover multiple neighboring small states by agreement. Also deploy deployable ground
SAR teams (with GPS, satellite phones, etc.) ready to move to crash sites outside airports.

e Medical Preparedness: Airports should have well-equipped medical clinics with mass casualty supplies and
arrangements/MoUs with local hospitals for surge capacity. Conduct drills involving hospitals (as patients from
crashes will flood nearest ERs). The aim is to improve the survival chain: crash to field triage to hospital. In
Nigeria’s case, even if survivors had been found late, medical support was not on scene - emphasize forward
deployment of medics in any search operations.

Funding these may require creative solutions: earmark a portion of aviation fees for safety equipment (e.g., a small fee
on tickets going into an “Aviation Emergency Fund”). International aid/grants can also target these critical needs
(ICAO’s SAFE fund, etc.). Our analysis shows the ROI - one life saved in Tripoli by having that equipment and team ready.

6.5.5. Foster a Positive Safety Culture and Just Culture in Emergency Services

Agency leadership should promote openness, teamwork, and continuous learning. After drills or real responses, conduct
non-punitive debriefings (like crew debriefs in CRM) to discuss what went wrong/right. Encourage personnel to voice
concerns - e.g, if a firefighter notices their radio often fails in certain areas, they should feel free to report it and
management should act, not punish. Just culture also means accountability at the higher level - holding agencies
accountable to implement improvements without scapegoating individuals unfairly. Nigeria’s post-accident changes
were somewhat punitive (firing officials) which can breed fear; a balance is needed where systemic fixes are made and
individuals are helped to improve rather than only punished. Celebrating successes (Libya rightfully commended the
responders who saved the boy) also reinforces a culture of pride in good performance.
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6.5.6. Enhance Coordination with Military and Regional Partners

Often the military (air force, etc.) has assets useful in civilian SAR. Formalize protocols for requesting military assistance
quickly (in Nigeria, maybe an earlier call to the Air Force for search aircraft could have helped). Similarly, neighboring
countries’ ATC or SAR resources might pick signals or have surveillance coverage - include them early via regional
communication channels when an aircraft is missing. West Africa has some regional initiatives; strengthen those
through joint agreements that in case of crash in border regions, whoever can respond fastest will do so, etc., with cost-
sharing agreements in place. Essentially, make emergency response a cooperative effort beyond just one airport or
country, since disasters don’t respect boundaries.

6.5.7. Public Communication Strategy

Develop a crisis communication plan as part of emergency planning. Designate a trained spokesperson (and an
alternate) who will deliver verified information to media/families at regular intervals. Train this person in handling
presses and sensitive information. This avoids the scenario of multiple officials giving conflicting info. It also helps quell
rumors (in the age of social media, that’s crucial - early authoritative info can prevent speculation). The plan should
also include family assistance: establishing a center where families get information and support. For example, after the
Libyan crash, Afrigiyah Airways set up helplines and flew relatives to Tripoli - these are good practices that should be
predefined in the plan.

6.5.8. Leverage Technology for Emergency Management

Consider implementing Emergency Management Information Systems (EMIS) which many modern airports use -
basically software that tracks resources and tasks during an incident, accessible by all agencies. This can improve
situational awareness. Even simple solutions like WhatsApp groups (encrypted, for quick text communication among
agency leaders) or GIS mapping tools for search areas could aid coordination, especially in regions where high-end EMIS
might be unaffordable. Given mobile phone penetration now, training responders to use such tools (and providing
backup communications like satellite phones when networks fail) is recommended.

6.5.9. Continual Evaluation and Improvement

Regulatory authorities (or independent bodies) should periodically evaluate each airport’s emergency readiness. This
could be done via surprise drills or tabletop exercises monitored by external observers. Findings should lead to
actionable recommendations and those should be followed up. Essentially, adopt a quality management approach to
emergency preparedness. ICAO or regional safety organizations might create an index or audit checklist specifically for
emergency response preparedness to give airports feedback and incentive to improve. For instance, measure response
times, equipment serviceability, staff training hours, etc. and benchmark them.

6.5.10. Knowledge Sharing and Training of Trainers

Encourage African states to share best practices among themselves. Perhaps establish an “African Aviation Emergency
Response Working Group” under AFCAC (African Civil Aviation Commission) or RASG-AFI where experts from various
countries meet to discuss lessons learned from drills or actual incidents. They can publish guidance or case studies (like
this paper’s analysis) for wider dissemination. Also, training of trainers: send a cadre of African emergency responders
for advanced training (maybe to ICAQ’s Global Fire Training centers or countries with advanced programs), who can
then return and train others locally. Building local expertise ensures sustainability.

Implementing these recommendations can address the very gaps our study highlighted. If Nigeria had these measures
pre-2005, the response could have been markedly different. If Libya (and others) implement them, future accidents
might see even better outcomes (maybe multiple survivors saved, quicker resolutions, etc.). In short, these practices
aim to make every layer of the “Swiss cheese” as solid as possible, and to empower the human “liveware” to be the
strongest link in the chain rather than a weak link.

By closing the human factor gaps - through systematic training, robust communication, clear leadership, adequate

resources, and positive culture - West and North African aviation (and global aviation) will significantly enhance their
resilience to emergencies, ultimately saving lives and reducing the trauma of air disasters.
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7. Conclusion

7.1. Recap of Main Findings

This study examined two aviation disaster cases - the 2005 Bellview Flight 210 crash in Nigeria and the 2010 Afrigiyah
Flight 771 crash in Libya - to evaluate the influence of human factors on airport emergency response effectiveness.
Through detailed analysis, we found that human factors were decisive in shaping the divergent outcomes of these
incidents. In the Nigerian case, numerous human factor deficiencies (insufficient training, poor communication,
fragmented leadership, lack of equipment, and a weak safety culture) led to a delayed and disorganized response, which
likely exacerbated the tragedy. In the Libyan case, strong performance in those same human dimensions (well-trained
responders, efficient communication, unified command, adequate resources, and a functioning safety culture) enabled
a prompt and effective response that saved a survivor’s life and managed the crisis smoothly. These findings affirm that
the quality of human and organizational performance in emergencies is just as critical to aviation safety as the
prevention of accidents themselves.

We applied established human factors frameworks to interpret the events, confirming their relevance beyond accident
causation. The Swiss Cheese Model illustrated how layers of defense failed in Nigeria and held in Libya. HFACS-style
analysis revealed that underlying organizational and supervisory factors (like policy and oversight) were significant
root causes of the response failures or successes. The SHELL model underscored mismatches in Nigeria (e.g., Liveware-
Hardware mismatch with poor equipment) and alignment in Libya (hardware, software, and liveware interacting
effectively). Overall, the study reinforces that accident outcomes are not solely a function of the accident’s severity, but
also of the human readiness and systemic resilience of the emergency response.

7.2. Contributions to Theory and Practice

The research contributes to the academic literature by expanding the discourse on human factors to include the
emergency response phase of aviation disasters - an area that has been relatively neglected. It demonstrates a
methodology for analyzing emergency response through a human factors lens, which future researchers and
investigators can adopt. By preserving detailed citations and evidence, we have created a documented account that
others can use as a case study or for training purposes. Theoretically, our findings suggest that human factors models
(Reason’s, HFACS, etc.) can be extended to evaluate emergency management, advocating for a more holistic “total safety”
approach that spans from pre-event prevention to post-event response.

For practitioners (airport operators, emergency planners, regulators), this paper offers concrete lessons and data-
driven recommendations. It highlights the need for investing in training, establishing clear communication and
command structures, ensuring proper equipment, and cultivating a positive safety culture. The side-by-side comparison
of an unsuccessful vs. successful response provides a learning tool: it vividly shows what can go wrong and how it can
be put right. These insights can inform policy revisions (e.g. strengthening ICAO Annex 14 compliance audits for
emergency planning) and improvements at airports worldwide, especially those in developing regions with similar
challenges.

Policy and Practice Recommendations: In the Discussion, we outlined targeted recommendations, which we summarize
here:

e Conduct regular, realistic multi-agency emergency drills and correct identified weaknesses.

e Strengthen communication infrastructure (interoperable radios, radar/ELT coverage) and develop robust
communication protocols.

e Implement a clear Incident Command System to unify leadership across agencies.

e Invest in emergency response resources (trained personnel, firefighting and SAR equipment, medical
preparedness) - potentially via regional cooperation and international support.

o Foster a safety culture that encourages collaboration, accountability, and continuous learning within
emergency response organizations.

e Improve crisis communication with the public and victims’ families through designated spokespeople and
timely information dissemination.

If these measures are adopted, airports and aviation authorities in West and North Africa (and elsewhere) will be far
better positioned to respond effectively when accidents occur, thereby minimizing loss of life and suffering.
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7.3. Suggestions for Future Research

This study focused on two cases; future research could expand the sample to include more recent incidents or near-
misses to further validate findings. Quantitative studies could examine across many airports whether those with more
frequent drills and better HF training have statistically better emergency outcomes (fewer response delays, higher
survival rates). Ethnographic studies could delve into the culture within airport fire and rescue services in various
countries to understand attitudes and obstacles to change. Another promising area is simulation-based research: using
high-fidelity simulations of airport emergencies to test how different human factors interventions (like introducing ICS
or new communication tech) improve performance metrics. Finally, research can explore passenger and family
perspectives of emergency response, which adds a human-centric evaluation of how well the response addresses
victims’ needs, tying into human factors as well (communication and empathy as part of crisis management).

In closing, “Evaluating Human Factors in Airport Emergency Responses” has illuminated that behind every effective or
flawed emergency operation are people - their training, decisions, teamwork, and leadership. As aviation continues to
strive for higher safety, equal attention must be given to empowering these human elements, for when the unexpected
occurs. The West and North African experiences studied herein are replete with hard lessons but also hopeful evidence
that improvements are feasible. By learning from these incidents and implementing the recommendations, stakeholders
can ensure that even if accidents happen, tragedies need not be compounded by avoidable human factor failures in the
response. Instead, a well-prepared human response can transform a disaster into a managed crisis, giving survivors the
best chance and upholding the aviation community’s commitment to safety even in the worst of times.
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