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Abstract— This article presents a comprehensive analysis of the impact of human factors and geographical challenges on the operational safety 

of high-altitude airports, using Tribhuvan International Airport (Kathmandu) as a case study. The research adopts an interdisciplinary approach 

that combines technical, psychological, and organizational aspects of aviation operations. A literature review is conducted alongside an analysis 

of real-world incident cases, leading to the development of recommendations for improving crew training, air traffic control practices, and 
infrastructure optimization. The findings demonstrate that the integration of specialized training programs, enhancements in communication 

systems, and the implementation of stress management measures contribute to increased safety levels under extreme environmental conditions. 

This article is relevant for researchers and practitioners in aviation safety, risk management, and the operation of aerodromes located in severe 

climatic and geographical environments. It offers a detailed examination of how human factors affect the performance and safety of high-altitude 
airports. Additionally, the material will resonate with professionals involved in the development of interdisciplinary methodological approaches 

for optimizing aviation operations and engineering solutions—an essential component for shaping strategic concepts for aviation infrastructure 

development in challenging natural conditions. 
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I. INTRODUCTION  

The relevance of this study is driven by the unique operational 

characteristics of high-altitude airports, where extreme 

meteorological conditions, complex mountainous terrain, and 

limited infrastructure pose distinct risks to aviation activities. 

Tribhuvan International Airport in Kathmandu serves as a 

prime example of a facility where the human factor plays a 

decisive role in flight safety [3]. Contemporary research in 

aviation safety increasingly emphasizes the need for an 

integrated approach that accounts for both technical and 

psychological aspects of pilot and air traffic controller 

performance [1]. 

Studies focusing on the human factor and the operational 

challenges of high-altitude airports employ a variety of 

perspectives, enabling a multifaceted understanding of the 

subject. Research with an engineering or maintenance-oriented 

focus often applies systems analysis to enhance flight safety. 

Wu C., Sun J., and Ren B. [1], for example, propose design 

solutions for integrating human factors into the maintenance of 

civil aircraft by analyzing real incident reports, identifying 

system vulnerabilities, and offering measures for improvement. 

Similarly, Wang J. [4] applies systems engineering methods to 

enhance aircraft maintainability, emphasizing the importance of 

incorporating human factors into technical service workflows. 

In a related vein, Zhang G., Zhang S., and Zhu J. [5] utilize the 

SHELL model to analyze aviation safety risks, mapping the 

interaction between operators and technology under high 

workload and resource-constrained conditions. 

Parallel to the technical discourse, another body of research 

focuses on regulatory and operational aspects of high-altitude 

aerodrome functionality. For instance, López Miralles I. [2] 

evaluates regulatory frameworks for integrating new aerial 

platforms into modern airspace, with particular emphasis on 

managing operations at extreme elevations. A pragmatic 

viewpoint is offered in the article Kathmandu: Why Is Nepal's 

Main Airport So Challenging To Navigate? [3], published on 

the Simple Flying website, which highlights operational 

challenges and the difficulties of landing and takeoff in a 

geographically and meteorologically demanding environment. 

This emphasizes the necessity for modifying international 

standards to fit local circumstances. 

A distinct line of inquiry addresses the cultural and 

sociological dimensions of aviation operations. Harris T. [6], 

for instance, examines temporal hierarchies within the 

framework of Nepalese aviation, illuminating how cultural and 

social elements affect decision-making processes and operator 

flexibility in demanding situations. This perspective illustrates 

that the human factor in aviation is not limited to technical or 

procedural elements, but is also shaped by cultural traditions 

and personnel mindsets. 

It is also important to note sources [7, 8], whose data are 

published on the websites cfisteph and boldmethod. Their 

inclusion is necessary to illustrate the impact of weather 

conditions on flight operations and aircraft landings. 

The literature review thus reveals a clear tension between 

technical and sociocultural approaches to the issue. On one 

hand, much of the academic focus remains on optimizing 

technical processes, safety, and systems analysis, reflecting a 

trend toward increased procedural reliability. On the other 

hand, studies examining legal frameworks and cultural 

dynamics highlight the need to go beyond engineering solutions 

and engage with the local context, traditions, and organizational 

structures. A key gap in the existing literature is the lack of a 

holistic integration of these two perspectives—a gap that is 

critical to address in order to develop effective strategies for 

improving safety and operational resilience in high-altitude 

airports. 
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The aim of this article is to analyze the impact of human 

factors on the safety and efficiency of aviation operations at 

high-altitude airports, using Kathmandu as a case study, with a 

particular focus on pilot training, air traffic control, and staff 

stress management. 

The scientific novelty of this work lies in offering a revised 

perspective on how human factors affect the safety and 

efficiency of aviation operations at high-altitude airports, using 

Kathmandu as a representative case. This was made possible 

through the analysis of existing scholarly publications. 

The working hypothesis proposed by the author is that 

improving staff training and optimizing air traffic control 

procedures can reduce the risk of human error under the 

constraints of limited infrastructure and volatile weather 

conditions that characterize high-altitude airports. 

The methodology is based on a review of relevant literature. 

II. ENVIRONMENTAL AND GEOGRAPHICAL CHALLENGES 

OF HIGH-ALTITUDE AIRPORTS 

High-altitude airports represent a unique segment of 

aviation infrastructure, where complex environmental and 

geographical factors converge to significantly affect flight 

safety. Tribhuvan International Airport in Kathmandu serves as 

a prime example, with a number of distinct challenges arising 

from its extreme operational conditions: high elevation above 

sea level, rapidly changing weather, complex mountainous 

terrain, and limited infrastructure capacity. 

One of the key factors is altitude. Located at approximately 

4,390 feet (1,338 meters) above sea level, Kathmandu faces 

reduced air density. This leads to a decrease in engine thrust and 

wing lift, requiring pilots to exercise greater precision during 

takeoff and landing, and necessitating longer runway lengths. 

This phenomenon is well-documented in studies indicating 

deteriorated aerodynamic performance in low-density 

atmospheric conditions. 

Additionally, the airport’s positioning within the Himalayan 

mountain range adds further intricacy. The terrain necessitates 

precise trajectory calculations for approach and demands 

specific procedures for air traffic management. Narrow 

mountain passes, limited maneuvering space, abrupt elevation 

changes, and fluctuating air density force pilots to execute steep 

descent angles during approach, increasing the likelihood of 

error in unfavorable conditions. Geographic isolation and 

difficult terrain also hinder emergency response, requiring a 

well-developed rescue system and constant weather monitoring 

[1]. 

Weather unpredictability is another critical challenge. 

Kathmandu is known for sudden shifts in weather: fog, rainfall, 

and strong wind currents create conditions conducive to 

turbulence, crosswinds, and runway aquaplaning. Aquaplaning, 

in particular, poses a serious hazard during heavy monsoon 

rains when water accumulation on the runway surface reduces 

tire friction, potentially resulting in loss of aircraft control [3]. 

To monitor weather conditions at Tribhuvan (VNKT), 

standard METAR reports are used, as published on platforms 

such as Metar-Taf.com. For density altitude (DA) calculation, 

it is essential to account for the effects of non-standard 

temperature and pressure on air density. 

In the case of Kathmandu Airport, its elevation is 1,338 

meters, approximately 4,390 feet. To calculate pressure altitude 

(PA), the following formula applies: 

𝑃𝐴 =  𝐹𝑖𝑒𝑙𝑑 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 +  (1013.25 −  𝑄𝑁𝐻) ×  30 𝑓𝑡. 
𝑃𝐴 =  4,390 + (1013.25 −  1015)  ×  30 ≈  4,338 𝑓𝑡. 

The standard ISA temperature at 4,338 ft is: 

𝑇𝐼𝑆𝐴 =  15°𝐶 −  (2°𝐶/1,000 𝑓𝑡 ×  4.338)  =  15 −  8.68 
=  6.32°𝐶. 

Temperature deviation from ISA (ΔT) = 9.68°C. 

Density altitude is then calculated as: 

𝐷𝐴 =  𝑃𝐴 +  120 𝑓𝑡/°𝐶 ×  𝛥𝑇 =  4,338 +  120 ×  9.68 
≈  5,499 𝑓𝑡. 

Thus, under current conditions, the air density 

corresponds to an altitude of approximately 5,500 ft [7]. 

These weather conditions have the following effects: 

a) Engine power loss. For normally aspirated piston or 

turboprop engines, a performance reduction is generally 

assumed. 

b) Increased takeoff roll. For most conventionally powered 

aircraft, takeoff distance increases by roughly 10% for every 

1,000 feet of density altitude (see Fig. 1). 

 

 
Fig.1. Demonstration of the effect of temperature on the run-up [8]. 

 

Open-access METAR/TAF reports provide real-time data 

on temperature and pressure, while DA calculation formulas 

allow numerical assessment of power loss and takeoff distance 

extension. In summary, the environmental and geographic 

challenges typical of high-altitude airports necessitate the 

development of specialized pilot training programs, 

advancements in air traffic control systems, and the 

optimization of infrastructure. Together, these factors 

underscore the importance of an interdisciplinary approach to 

improving flight safety under extreme natural conditions. 

III. HUMAN FACTOR: TRAINING, DECISION-MAKING, AND 

STRESS MANAGEMENT 

One of the critical dimensions of aviation safety in high-

altitude environments is the human factor, which encompasses 

not only pilots’ technical proficiency but also their ability to 

make timely and accurate decisions under heightened 

uncertainty, as well as their capacity to effectively manage 

psychological stress. In airports with limited resources and 

challenging meteorological conditions—such as Tribhuvan 

International Airport in Kathmandu—personnel training 

requires a specialized approach that takes into account the 
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effects of high altitude on aircraft performance and the 

psychological burden placed on flight crews [2]. 

Training programs for pilots operating in the demanding 

conditions of high-altitude airports must include tailored 

instruction that addresses the aerodynamic peculiarities of thin 

air, the need for extended runway lengths, and the ability to 

adapt to rapid weather changes [3]. Pilots must master 

techniques for approach under low visibility, crosswind control, 

and quick decision-making in uncertain environments. These 

skills are developed through simulator-based training using 

virtual models, which closely replicate real-world operating 

conditions at mountain-region airports [1]. 

The role of air traffic controllers in ensuring flight safety at 

high-altitude airports cannot be overstated. Effective 

communication among pilots and air traffic control is crucial, 

especially considering spatial limitations and unpredictable 

weather. Controllers must possess a high level of qualification 

and the ability to respond swiftly to changing conditions, which 

necessitates continuous professional development and 

participation in specialized training programs [1, 4]. Reliable 

coordination reduces the risk of errors during arrivals and 

departures and ensures rapid response in emergency situations. 

Both pilots and controllers are subject to factors such as 

rapidly changing weather, narrow approach paths, and elevated 

concentration demands, which contribute to quick onset of 

fatigue and stress. Stress management encompasses both 

individual measures (e.g., relaxation techniques, psychological 

preparation) and organizational strategies aimed at optimizing 

work schedules and providing comprehensive crew support. 

Recent studies emphasize the importance of designing holistic 

psychological rehabilitation and support programs for aviation 

personnel, especially under extreme operational conditions [1]. 

Table 1 summarizes key human factor aspects in the context 

of high-altitude airports. 

 
TABLE 1. The Influence of the Human Factor in the Conditions of High-

Altitude Airports [1, 3, 4] 

Aspect Description Impact on Flight 

Safety 

Pilot Training and 

Qualification 

Specialized training 

tailored to low air 

density, aerodynamic 

behavior, and rapid 

weather fluctuations 

Enhances pilots’ ability 

to perform approaches 

and takeoffs under 

extreme conditions; 

reduces operational 

error 

Air Traffic 

Control and 

Communication 

Effective coordination 

via modern 

communication systems 

and regular training 

Minimizes errors in air 

traffic coordination; 

enables prompt 

response to emergencies 

Stress and Fatigue 

Management 

Psychological training, 

relaxation techniques, 

and optimized work 

schedules to reduce 

negative stress 

Lowers the risk of 

fatigue-related errors 

and stress-induced 

decision-making lapses 

 

In conclusion, a comprehensive approach to pilot training, 

decision-making, and stress management helps identify key 

factors contributing to safety in high-altitude airport operations. 

The integration of specialized training programs, improvement 

of ATC systems, and implementation of stress management 

strategies are essential measures for mitigating risks associated 

with the human factor. These conclusions are supported by 

empirical evidence and the analysis of contemporary research. 

IV. CASE ANALYSIS AND LESSONS LEARNED 

Practical incidents related to the operation of high-altitude 

airports provide deeper insight into how both environmental 

and human factors affect flight safety. One notable example is 

the accident involving a Bombardier CRJ200ER operated by 

Saurya Airlines in July 2024. The crash occurred due to a 

combination of factors, including unpredictable weather, 

limited runway length, and challenging mountainous terrain. A 

critical failure of flight control systems occurred during the 

initial phase of takeoff, leading to catastrophic consequences 

and the loss of 18 lives [3, 5]. This incident underscores the 

crucial importance of pilot training, rapid decision-making, and 

timely coordination with air traffic control—especially in high-

altitude conditions. 

Analysis of such cases highlights the following contributing 

factors: 

● Severe meteorological conditions. Sudden weather changes, 

fog, and strong wind currents complicate landing 

approaches and takeoffs, increasing the risk of aircraft 

control errors [6]. 

● Limited airport infrastructure. A single runway, 

overburdened ground services, and a lack of technical 

support systems create additional operational difficulties 

and limit the airport’s capacity for rapid emergency 

response. 

● Human factor. Errors stemming from inadequate pilot 

training, stress, fatigue, and poor coordination between 

pilots and controllers contribute to the development of 

incidents. 

Beyond the Kathmandu incident, comparative analysis with 

other high-altitude airports, such as Lukla Airport in Nepal, 

reveals similar operational challenges. In Lukla, frequent 

incidents occur during approach due to narrow access routes, 

difficult weather conditions, and limited emergency evacuation 

options, emphasizing the need for tailored crew training and 

infrastructure optimization [1]. 

From these case studies, several key lessons and 

recommendations can be drawn to improve safety levels in 

high-altitude airport operations: 

● Implementation of specialized training programs tailored to 

extreme meteorological and geographical conditions, 

utilizing simulation exercises and virtual modeling to 

replicate real-world scenarios. 

● Strengthened air traffic control and reliable communication 

among all parties involved in air traffic management to 

reduce coordination errors and enable timely response to 

emerging situations. 

● Development and application of comprehensive stress and 

fatigue management strategies for aviation personnel, aimed 

at reducing the impact of human factors in critical 

conditions. 

● Infrastructure improvements, including runway extension 

and the integration of modern monitoring systems, to 

mitigate the effects of adverse environmental conditions. 
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These findings highlight the necessity of a multidimensional 

approach to risk management in high-altitude airports, where 

the combination of human performance and environmental 

limitations must be addressed through both technical and 

organizational solutions. 

To systematize the key practical cases and lessons learned, 

the table below summarizes critical insights (table 2). 

 
TABLE 2. Systematization of Practical Cases Related to the Operation of 

High-Altitude Airports [1,3] 

Case Primary 

Causes of 

Incident 

Lessons 

Learned 

Recommendations 

Bombardier 

CRJ200ER, 

Saurya 

Airlines 

(July 2024) 

Unpredictable 

weather, 

limited runway 

length, 

complex 

mountainous 

terrain, 

insufficient 

crew training 

The need for 

specialized 

training 

programs and 

improved 

coordination 

between pilots 

and ATC 

Infrastructure 

expansion, 

implementation of 

simulation-based 

training, 

enhancement of 

emergency 

communication 

systems 

Incidents at 

Lukla 

Airport 

(Nepal) 

Narrow 

approach paths, 

abrupt 

elevation 

changes, 

limited 

evacuation 

options, 

challenging 

weather 

Importance of 

systematized 

weather data 

and approach 

procedures 

adapted to 

geographic 

specifics 

Optimization of 

operational 

procedures, 

improvement of 

ATC algorithms, use 

of advanced weather 

monitoring 

technologies 

Additional 

incidents 

identified in 

studies 

Flight control 

errors caused 

by crew stress 

and fatigue, 

lack of 

adaptive 

human factor 

management 

strategies in 

high-altitude 

conditions 

Importance of 

integrating 

psychological 

support into 

training 

programs, 

need for real-

time adaptive 

management 

systems 

Implementation of 

psychological 

rehabilitation and 

support programs, 

regular stress 

management 

training, 

enhancement of 

ATC communication 

protocols 

 

Based on these challenges, several recommendations can be 

made to improve the safety and efficiency of aviation 

operations at high-altitude airports. First and foremost, there is 

a need to integrate modern training methods and simulation 

exercises aimed at strengthening stress resilience, decision-

making under time pressure, and improving crew coordination 

(Crew Resource Management). The application of 

multidisciplinary research in cognitive psychology and 

ergonomics helps identify weaknesses in perception and 

information processing, enabling the implementation of 

corrective measures to minimize the likelihood of error. 

Additionally, regular post-incident analysis using systems 

thinking methodologies allows for the accumulation of 

empirical experience and the enhancement of overall flight 

safety. Pilots should also adapt flight planning and approach 

procedures by utilizing modern navigation systems and 

integrating real-time meteorological data to support informed 

decision-making. 

Thus, the conducted analysis highlights the importance of a 

systemic approach to addressing the challenges of operating 

high-altitude airports. The implementation of modern training 

techniques, infrastructure enhancements, and the development 

of dedicated support programs for aviation personnel are 

necessary measures for improving flight safety under extreme 

conditions. 

V. CONCLUSION 

The conducted study confirmed the critical role of synergy 

between technical and psychological components in organizing 

flight operations at high-altitude airports. Incident analysis 

demonstrated that only a comprehensive integration of 

specialized pilot training (including flight condition modeling 

and emergency scenario simulations), improved air traffic 

control procedures (such as adaptive air traffic management 

algorithms and frequency redundancy), and psychological 

support systems (e.g., cognitive load reduction techniques and 

fatigue prevention) can effectively reduce the probability of 

human error as a catalyst for accident scenarios. 

The findings have practical value for the development of 

regulatory frameworks and educational programs in aviation 

safety. They support the inclusion of mandatory modules on the 

psychophysiology of high-altitude flight in pilot and controller 

training standards. Based on the identified patterns, 

infrastructure-related requirements can be formulated—such as 

runway extensions, automated weather monitoring, and the 

establishment of specialized psychological rehabilitation 

centers—that should be incorporated into the strategic 

programs of national aviation authorities. This approach 

enables a shift from fragmented, engineering-focused measures 

toward systemic risk management strategies. 

Finally, the results have broader theoretical and 

methodological significance. First, they address a gap in the 

literature by integrating perspectives from technical reliability, 

organizational theory, and the cultural-psychological 

dimensions of risk management. Second, the methodology 

described can be adapted to analyze airport operations in other 

extreme environments (such as Arctic aerodromes or coastal 

facilities with severe crosswind exposure). In the long term, this 

lays the groundwork for future research aimed at developing 

universal mechanisms for improving air traffic safety under 

conditions of climate instability and growing traffic volumes. 
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