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Abstract

Adverse weather remains one of the most significant contributors to aviation accidents, especially during the
critical phases of takeoff, approach, and landing. This study examines the meteorological factors involved in seven
aviation events in Iran, including six accidents and one serious incident. Each event was directly associated with
atmospheric hazards such as airframe icing, lightning, thunderstorms, low visibility, and crosswind or tailwind
conditions. Accident data from the Aviation Safety Network (ASN) were combined with ERA5 reanalysis fields,
METAR weather reports, satellite imagery, and lightning detection data to reconstruct the atmospheric
environment surrounding each case. The accident attributed to airframe icing occurred under temperatures near
0°C and high ambient humidity. The absence of de-icing procedures prior to departure likely resulted in ice
contamination on the wing surfaces, causing aerodynamic degradation and a subsequent loss of control during the
takeoff roll. These findings are consistent with international studies demonstrating the elevated risk posed by near-
freezing conditions when de-icing operations are not performed. Two events related to lightning—one accident
and one serious incident—revealed highly unstable atmospheric conditions. The CAPEXP index indicated
markedly elevated values, implying strong convective potential and abundant moisture. These conditions aligned
with documented lightning strikes and contributed to failures or temporary disruptions in essential flight systems,
including the weather radar, Ground Proximity Warning System (GPWS), and the transponder. The analysis
highlights the operational vulnerability of aircraft systems when exposed to intense convective activity. A
thunderstorm-related accident involving a Tupolev Tu-154 further demonstrated the hazards of flying through
cumulonimbus (CB) clouds and hail. The aircraft encountered severe turbulence, experienced vertical acceleration
up to 1.8g, and suffered structural damage that forced an emergency return. Satellite images and instability
parameters confirmed the presence of deep, widespread convection during the event. Low visibility played a
critical role in two other cases, both occurring during final approach or landing. Visibility below 1000 m, combined
with low cloud ceilings and saturated near-surface moisture, significantly impaired pilot situational awareness.
ERAS5 and METAR data consistently indicated fog, snowfall, or persistent overcast conditions during these
incidents. Finally, a crosswind-related accident involved tailwind components exceeding operational limits, as
well as pronounced vertical wind shear between 10 and 100 m above ground. These conditions created unstable
approach dynamics and contributed to a runway excursion. Overall, the study underscores the strong interaction
between meteorological hazards and flight safety in Iran. The findings emphasize the need for enhanced aviation
meteorology infrastructure, improved real-time hazard detection, targeted pilot training, and updated operational
procedures to mitigate weather-related risks.
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