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ABSTRACT: Helicopter operations in mountainous winter environments present unique hazards that
are often under-addressed in standard mountain flying curricula. While technical guidance for landing
on snow is abundant, there remains a critical information gap regarding safe operations within the spe-
cific "imperfect world" of active avalanche terrain.

Utilizing over 25 combined years of high-altitude mountain flight experience and case study analysis,
the study identifies two key directives for operational safety. It examines the mechanical relationship
between helicopter weight, whether dispersed as rotor wash or concentrated on small surface areas like
skids or wheels, and snowpack failure in buried weak layers. The study further explores heuristic traps
which pilots may be more subject to, such as familiarity and the "expert halo," which frequently skew
risk assessments in professional aviation and rescue contexts.

Our paper establishes a framework for pilot and crew awareness, emphasizing the necessity of formal
avalanche training and the application of technical decision-making to mitigate the inherent dangers of
these environments.
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1. INTRODUCTION

Operating commercial aircraft in winter environments presents a unique set of complex avalanche haz-
ards. To illustrate, consider a typical backcountry pickup: a group of skiers waits at the bottom of a run.
As the helicopter touches down in the landing zone (LZ), the ski guide reports a snowpack collapse over
the radio. The pilot keeps eyes upslope, watching for any signs of an avalanche descending toward the
LZ. Upon departure, a fresh avalanche is evident across the gully from the slope just skied. In the end-
of-day debrief, this event is highlighted to reinforce the need for constant vigilance while operating in
avalanche terrain. The combined weight of the ski group was insufficient to trigger the slope, and their
boots did not penetrate deeply enough into the snowpack to affect the weak layer. Instead, it was the
dynamic impact of the helicopter landing that initiated failure. While remote triggering by aircraft occurs
each heli-ski season, it remains a hazard that is rarely addressed in standard pilot training.

2. AIRCRAFT LOAD DISTRIBUTION AND SNOWPACK STRESS

Helicopter landing gear configurations—primarily skids or wheels—exert highly concentrated forces on
the snow surface. Commercial heli-skiing and helicopter emergency medical services (HEMS) opera-
tions typically utilize aircraft in the 2,200 to 4,500 kg (5,000 to 10,000 Ibs) weight class.

For example, the Airbus H125 (AStar), a benchmark aircraft in heli-skiing, features landing skids meas-
uring approximately 7.6 cm wide by 2.1 m long (3 in by 7 ft). To prevent the tail rotor from striking the
snow, "bearpaws" are fitted to the aft section of the skids to increase surface area. This configuration
often induces a nose-low attitude upon landing, causing the forward portion of the skids to plunge deeper
into the snowpack. In low-density winter snow, an aircraft
can readily sink until the fuselage belly bottoms out, em-
bedding the skids up to a meter (a few feet) deep. The
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Comparative Static and Dynamic Loading

To appreciate the stress variation applied to the snowpack, consider the static footprint pressure of an
aircraft versus a human skier:

o Commercial Helicopter (Airbus H125): At a maximum gross weight of 2,370 kg (5,225 Ibs), the
static pressure exerted by the skids is approximately 138 kPa (20 Ibs/in?).

e Human Skier: A 90 kg (200 Ibs) skier standing on 180 cm skis exerts a significantly lower static
footprint pressure of roughly 2 to 5 kPa (0.3 to 0.73 Ibs/in?).

This disparity intensifies during real-world operations. Pilots frequently execute "no-hover" landings in
backcountry LZs to minimize whiteout conditions caused by rotor downwash. This maneuver replaces
static weight with dynamic loading, generating a momentary spike in force upon touchdown. Because
the aft bearpaws generally strike the snow first, the aircraft's initial impact force is concentrated onto an
even smaller surface area, exponentially increasing the localized stress fracture risk within the snow-
pack.

Wheeled Configurations and Multi-Agency Rescues

Wheeled aircraft, such as the Sikorsky UH-60 Blackhawk frequently deployed in military and state
search and rescue (SAR) operations, exacerbate this issue. A wheeled footprint concentrates the air-
craft's massive weight onto tire contact patches that are significantly smaller than a skid assembly. While
equipping wheels with specialized ski attachments mitigates deep penetration by distributing the load,
the net stress delivered to the sub-surface snow layers remains profound.

3. THE TWIN DIRECTIVES FOR AVALANCHE TERRAIN

Directive 1: Preservation of the Aircraft

The primary directive of any aviation operation in avalanche terrain is absolute: the aircraft must not be
compromised or disabled by an avalanche. In remote mountain operations, the helicopter frequently
represents the sole mechanism for egress and survival. A secondary rescue aircraft may be hours away,
and ground evacuation is often topographically impossible.

While the absolute mitigation of this risk would dictate avoiding landings in or beneath avalanche terrain
entirely, operational realities—such as heli-skiing logistics and time-critical Search and Rescue (SAR)
missions—render total avoidance impractical. Consequently, flight crews must rely on rigorous terrain
analysis and informed operational judgment to manage exposure when executing landings in high-con-
sequence zones.

Directive 2: Presumptive Slope Instability

The secondary directive requires flight crews to operate under the assumption that any open slope an-
gled above 30 degrees can produce an avalanche, regardless of the forecast hazard rating. Adhering to
this axiom does not preclude pilots from landing adjacent to or beneath 30+ degree slopes; rather, it
dictates how those landings are approached. Safety in these environments relies heavily on professional
snow safety education and localized terrain literacy.

Furthermore, pilots must account for the spatial detachment of remote triggering. A successful airborne
egress during a touchdown-initiated failure does not equate to a successful mission. If the aircraft man-
ages to lift off and escape an incoming slide, but the resulting avalanche buries a waiting heli-ski group,
a SAR team, or an injured patient on the ground, the operational outcome remains catastrophic. Flight
planning must therefore account for the vulnerability of the entire ground team, not just the aircraft itself.

4. LESSONS FROM DOCUMENTED LZ INCIDENTS

Quantifying the historical frequency of helicopter-avalanche interactions presents significant research
challenges. Investigative bodies such as the National Transportation Safety Board (NTSB) in the United
States and the Transportation Safety Board (TSB) in Canada typically define an aviation accident based
on the intention for flight or substantial structural damage sustained during flight operations. A stationary
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aircraft struck by an avalanche on the ground often falls outside standard aviation accident criteria,
leaving these events uninvestigated by federal authorities and absent from aviation safety databases.

Despite these data limitations, documented operational incidents do exist. On January 30, 2012, near
McBride, British Columbia, a Bell 212 was caught in an avalanche immediately after unloading a group
of backcountry skiers. The aircraft was parked at the base of the slope, and the pilot was the sole occu-
pant when the slide struck, knocking the helicopter onto its side. While the official record lacks a definitive
trigger analysis, it is operationally significant that the aircraft's engines were still running when contact
occurred. As documented in the Transport Canada Aviation Safety Letter (2012), the pilot was actively
executing a standard two-minute engine cooldown sequence at the time of the strike. Had the flight crew
received early visual warnings or immediate radio communication from the ground team upslope, it is
technically plausible that the pilot could have rolled the throttles back to flight and achieved airborne
egress before impact. While the pilot fortunately sustained only minor injuries, this represents a definitive
failure of the first directive: aircraft preservation.

A more catastrophic interaction occurred on April 10, 2010, in Kamchatka. A Mil Mi-8 transport helicopter,
operating a commercial heli-snowboarding excursion, was struck by a massive avalanche while on the
ground. The incident resulted in ten fatalities among the eighteen occupants, including two of the three
flight crew members (Walker, 2010). While comprehensive investigative data is limited, operational re-
ports indicate that the snowboarders were caught and buried on the slope, while the two deceased crew
members were overwhelmed inside the stationary aircraft. The impact forces deformed the fuselage so
severely that responding rescue personnel had to extract the surviving crew member using hydraulic
cutting tools (Walker, 2010). Although the definitive trigger remains unverified by a formal avalanche
investigation, historical context strongly suggests a recreational trigger initiated by the descent of the
snowboarding group upslope. This tragedy underscores the absolute vulnerability of both the ground
team and the stationary asset when operating within the runout zones of active avalanche paths.

A uniquely instructive incident occurred on February 19, 2014, involving a Bell 205 east of Revelstoke,
British Columbia. The aircraft was shut down in a designated landing zone that was historically classified
as secure, even during periods of "High" avalanche danger. During the operation, a Size 3 natural ava-
lanche released on a steep rock face high across the valley. Guides upslope observed the release and
radioed a warning to the pilot, though there was no immediate concern for the aircraft given its topo-
graphically protected position. While the physical debris flow missed the landing zone entirely, the de-
structive air blast associated with the avalanche overran the LZ. The air blast lifted the stationary heli-
copter off the snow surface and rolled it over, causing extensive structural damage. The pilot and a
passenger remaining inside the cabin sustained only minor injuries, but the hull was a total loss. As
detailed in the subsequent post-incident analysis presented at the International Snow Science Work-
shop, kinematic modeling of the event calculated the extraordinary aerodynamic forces required to lift
and displace the Bell 205, which has an empty weight exceeding 2,177 kg (4,800 Ibs), roughly 30 feet
laterally (Honig et al., 2014). This case study represents a critical paradigm shift for aviation risk man-
agement: it demonstrates that an alpine LZ cannot be deemed safe purely based on debris runout
boundaries; operations and flight crews must also account for the catastrophic potential of avalanche-
induced air blasts generated by large-scale path releases.

A high-profile international incident occurred on April 2, 2024, on the Petit Combin peak (3,668 m) near
Verbier, Switzerland. An Airbus AS350 B3 was conducting commercial heli-ski operations. While execut-
ing a touchdown sequence on the summit landing zone, the aircraft was involved in a localized snowpack
failure and subsequently swept down the mountain's steep north face. While official Swiss transportation
safety investigations initially cited undetermined causes for the loss of control, eyewitness accounts and
preliminary field observations strongly indicate that an avalanche was triggered immediately upon the
aircraft contacting the snowpack (Schneemann, 2024). The catastrophic event resulted in three fatalities,
including the pilot, a prominent mountain guide, and one skier, while the remaining three passengers
survived with injuries.

From a terrain analysis perspective, this incident highlights a critical vulnerability often overlooked by
flight crews: summit and ridgeline LZs are frequently assumed to be secure because they lack an
upslope avalanche hazard. However, as this tragedy demonstrates, the extreme stress of a touchdown
sequence on a heavily loaded, wind-drifted ridge can initiate a failure that propagates downslope, pulling
the aircraft into the path and violating the fundamental directive of aircraft preservation with fatal conse-
quences.

On March 20, 2025, an Airbus Helicopters H130 was hit by an avalanche and swept away in the Abisko
Mountains of Northern Sweden while conducting heli-ski operations. The helicopter was shut down at

1853



Proceedings, International Snow Science Workshop, Whistler, BC, Canada, 2026

the time of the avalanche. The heli-ski party included the pilot, a ski guide, and five skiers. Two of the
skiers were buried for an hour and did not survive, while the remaining five individuals were physically
unharmed (CTIF, 2025).

5. HUMAN FACTORS AND COGNITIVE BIAS

In both aviation and avalanche safety, human factors represent the primary catalyst for catastrophic
system failures. When commercial flight crews operate in alpine environments without formal snow
safety education, several well-documented cognitive biases interact to create severe, unmitigated vul-
nerabilities.

The "Expert Halo" and Requlatory Authority

The heuristic trap of the "Expert Halo" applies directly to the role of the Pilot in Command (PIC). Pas-
sengers, ski guides, and ground crews frequently operate under the assumption that a pilot’s exceptional
mastery of aviation mechanics inherently correlates with expertise in environmental hazard assessment.
This bias is reinforced by Federal Aviation Regulations (FARs), which designate the PIC as the final
authority regarding the safe operation of the aircraft.

However, this absolute command authority can become a dangerous liability when applied to avalanche
terrain. Under 14 CFR Part 135.293(a)(9), mandatory training for commercial helicopter pilots is strictly
confined to flight in flat light and visually impaired landing conditions (e.g., snow whiteout operations).
The regulatory focus is exclusively mechanical: transitioning the aircraft safely from flight to a stationary
ground state in deep snow. The curriculum contains no requirements for identifying, assessing, or miti-
gating structural snowpack hazards once the aircraft is on the ground. This regulatory gap fosters the
Dunning-Kruger effect: pilots equipped with advanced landing techniques frequently mistake mechanical
proficiency for environmental competence, remaining entirely oblivious to the subsurface hazards be-
neath their skids.

The lllusion of Safety in Risk Assessment Tools

A deficit in baseline knowledge fundamentally compromises modern aviation safety systems. Most com-
mercial operators mandate the completion of a Flight Risk Assessment Tool (FRAT) within their FAA-
approved Safety Management Systems (SMS). The objective of a FRAT is to systematically identify
hazards, assign risk values, and implement controls. However, a flight crew that lacks formal training in
avalanche mechanics cannot quantify hazards they do not recognize.

Consequently, a crew may execute a FRAT that generates a deceptively low risk score—falling squarely
within a green "acceptable to proceed" threshold—while remaining unaware that the real operational
risk sits in the high amber or red zone due to a high-consequence avalanche forecast. Committing to a
mission under the illusion of a green FRAT, while ignorant of an existing persistent weak layer, for ex-
ample, represents a profound failure of institutional risk assessment.

Qutcome Bias and the Normalization of Deviance

Operational vulnerability is further heightened by outcome bias and the normalization of deviance. If an
untrained crew successfully conducts a mission in high-hazard avalanche terrain without triggering a
slope failure, they naturally interpret the positive outcome as validation of their skill rather than a stroke
of statistical luck. The resulting false sense of security encourages the crew to repeatedly accept iden-
tical low-margin missions—a cycle that continues unchecked until the physical realities of the snowpack
catch up with the aircraft, or until targeted intervention by an experienced professional highlights the gap
in their operational awareness.

Finally, while Crew Resource Management (CRM) dictums empower any team member to voice safety
concerns or veto a flight, CRM is only effective if the crew possesses the vocabulary and training to
recognize a hazard in the first place. If an entire crew is blind to the instability of a slope, the democratic
safety net of CRM fails completely. In high-consequence winter environments, unrecognized risk cannot
be mitigated.
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6. THE DIGITAL TOOLKIT

Under 14 CFR § 91.103 (Preflight Action), pilots are legally mandated to familiarize themselves with all
available information concerning an intended flight. Utilizing Flight Service Station (FSS) standard brief-
ings, reviewing Notices to Air Missions (NOTAMs), and checking Temporary Flight Restrictions (TFRs)
fully satisfies regulatory criteria. In remote regions, a pilot may supplement this by monitoring Remote
Automated Weather Stations (RAWS), mountain webcams, and regional avalanche forecasts.

However, while these protocols satisfy standard Federal Aviation Administration (FAA) requirements,
they focus exclusively on the atmospheric and operational airspace environments. They fail to evaluate
the hazardous environment the aircraft enters upon touchdown. To manage this operational gap, flight
crews operating in winter alpine environments must integrate non-aviation terrain and snowpack analy-
sis tools into their preflight workflows, effectively adopting the risk-management methodologies of sea-
soned backcountry practitioners.

Terrain Assessment Tools

Modern Geographic Information Systems (GIS) and mapping applications provide flight crews with crit-
ical predictive modeling capabilities prior to departure. Platforms such as CalTopo, SARTopo, and Gaia
GPS feature sophisticated, high-resolution slope-angle shading overlays. Because avalanche initiation
typically occurs on slopes angled between 30 and 45 degrees, these digital tools allow pilots to map out
landing zones (LZs) and approach paths to evaluate localized terrain traps, runout zones, and slope
inclinations before the aircraft ever leaves the hangar. Incorporating these platforms allows for proactive
routing adjustments that completely isolate the aircraft from high-consequence slopes.

Integrating Regional Snowpack Metrics

While standard aviation tools like ForeFlight provide excellent macro-level weather data, they offer no
insight into snowpack stability or fracture mechanics. To supplement point forecasts from the National
Weather Service (NWS), flight crews must actively consult regional avalanche centers via public clear-
inghouses like Avalanche.org (in the United States) or Avalanche Canada. Incorporating regional public
avalanche bulletins into the preflight briefing allows crews to assess current danger ratings, identify the
active avalanche problems (e.g., persistent slabs or wind slabs), and evaluate specific problematic as-
pects and elevations.

Adhering to these preflight safety protocols does not require a flight crew to possess the exhaustive field
diagnostic capabilities of a professional avalanche forecaster or ski guide. It does, however, require
sufficient operational literacy to make an objective, data-driven assessment of the environmental threat
matrix before accepting the inherent risks of alpine terrain operations.

Addressing the Educational Void

To an audience of professional snow scientists and mountain guides, these digital platforms and ava-
lanche resources represent fundamental, daily operational tools. Yet, within the broader commercial
aviation sector, these resources remain largely unknown. This educational void introduces systemic risk.

Relying on an uneducated crew's intuition compromises the validity of automated safety tools; a Flight
Risk Assessment Tool (FRAT) calculation that results in a green "acceptable" status is dangerously
invalid if the inputs completely omit active, high-consequence snowpack instabilities. Implementing a
formal, standardized avalanche safety training curriculum for commercial flight crews will effectively
bridge this gap. By equipping pilots with the vocabulary, tools, and terrain literacy necessary to identify
sub-surface hazards, operators can ensure that a green risk score reflects actual, mitigated safety mar-
gins rather than statistical luck.

1855



Proceedings, International Snow Science Workshop, Whistler, BC, Canada, 2026

7. PROPOSED PILOT EDUCATION FRAMEWORK

Table 1: A structured multi-tier curriculum concept for commercial and operational winter flight crews.

Training Tier Target Audience Core Topics & Modules

e  Fundamental avalanche mechanics &
weak layer failure

Level 1: ;‘AI\Ilgl]f? tlrzzlpe?/vzllﬁslyine per- e Interpreting public bulletins
Baseline Awareness sonnel ’ e  Spatial hazard recognition
e Applying the 'Twin Directives' of air-
craft preservation
e Slope-angle shading overlays
; : : e Quantifying snowpack variables in
:;‘:;’ﬁi'gzr; ¢ Risk Integra- '(DP"%;‘ [ CeriiEme Flight Risk Assessment Tools
tion & Flight Duty Officers * Mitigating cognitive traps
e  Cross-referencing NWS/RAWS with
field weather
e Touchdown mechanics & dynamic
loading mitigation
Level 3: - o Precisioq {.Z selection & summit/ridge
Operational Decision- HeII-Sk.I, SAR, & HEMS vulnerability
Making Lead Pilots e Advanced CRM protocols with ground
teams & ski guides
e Air blast hazards & contingency emer-
gency egress routing
8. DISCUSSION

Our collective years of operational experience in high-alpine environments—encompassing firsthand
management of landing zone hazards, observation of critically flawed pilot decision-making in complex
terrain, and technical analysis of the aircraft-avalanche interactions documented in this paper—demon-
strate a systemic necessity. There is a definitive requirement to expand formal avalanche awareness
and hazard education into the commercial aviation sector.

As established, current federal aviation frameworks mandate zero formal education regarding snowpack
hazards for pilots operating in avalanche terrain. Under existing regulations, environmental safety train-
ing is delegated entirely to individual aircraft owners and operators. Consequently, the quality and depth
of this education vary wildly across the industry, fluctuating based on the internal, subjective knowledge
base of company leadership.

A frequent counterargument in specialized aviation operations suggests that snowpack evaluation and
landing zone safety should rest entirely with the lead guide or dedicated snow safety program, freeing
the pilot to focus solely on aircraft handling. While specialized snow safety personnel lead terrain man-
agement in commercial guiding, this division of responsibility fails in practice, as the case studies in this
paper demonstrate:

e Outside of commercial heli-skiing, operations such as Search and Rescue (SAR), emergency
medical services (HEMS), and resource infrastructure flights routinely operate in active ava-
lanche terrain without a snow safety professional or mountain guide on board. In these scenar-
ios, the flight crew alone must evaluate the environmental risks of an unvetted landing zone.

e Under civil aviation regulations worldwide, the Pilot in Command (PIC) holds ultimate, non-del-
egable authority and responsibility for the aircraft's operation and safety. Deferring LZ selection
entirely to ground personnel without baseline comprehension creates an institutional blind spot
and reinforces the "Expert Halo" heuristic.
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Avalanche education for pilots is not intended to turn aviators into snow scientists or lead guides. Rather,
it establishes a shared vocabulary and operational mental model necessary for functional Crew Re-
source Management (CRM). While regional public forecasts provide valuable macro-scale hazard lev-
els, real-time LZ safety requires micro-scale terrain awareness that can only be achieved when both
cockpit and ground personnel understand the environmental threat.

Systemic risk cannot be managed through compliance checklists alone. Elevating pilot awareness
through structured, standardized avalanche training will directly improve operational decision-making,
bridge the critical communications gap between flight crews and ground personnel, and inject true va-
lidity into automated safety management systems. Unconscious incompetence within high-consequence
winter terrain is a preventable liability; it can be entirely corrected through targeted, industry-specific
education.
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