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1.   Introduction



Weather Effects on Flight
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Part 91 = GA = General Aviation – private and recreational flying in small aircraft
Part 135 = Commuter and on-demand flying (government, corporate, and helicopter operations)

Eich, D. (2024, April). NTSB Weather Related Accidents. In FPAW 2024 Spring Meeting



Flight Rules

• Pilots operate under two different sets of procedures and 
practices while flying:

Visual Flight Rules (VFR) ─ primarily visual-based flying
─ limited communication with ATC
─ navigation is pilot-controlled

Instrument Flight Rules (IFR) ─ primarily instrument-based flying
─ constant communication with ATC
─ navigation is ATC-controlled
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Flight Categories
Prediction of Flight Categories using LSTM Deep Learning

• Surface-based weather conditions divide flight rules into four 
flight categories (FCATs):

• VFR, MVFR, IFR, LIFR
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https://www.faasafety.gov/gslac/alc/libview_printerfriendly.aspx?id=9091



Flight Rules

• Aircraft need to have certain instruments to be IFR certified
• Pilots need to be trained to be IFR certified
• Aircraft and/or pilots not rated to fly in IFR conditions (IMC) 

need to divert to avoid IMC
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https://community.infiniteflight.com/t/absence-of-turn-indicator-on-garmin-aircraft/398496
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How can we predict flight category 
if not already readily available?



Method 1 – Educated Guess
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• Pilots interpret weather 
differently based on 
previous information

• Pilots do not favor 
disconfirming evidence 
over confirming evidence

• Pilots would replicate a 
flight into IMC conditions 
if the outcome was 
favorable



Method 1 – Educated Guess
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Method 2 – Nearest Neighbor (“Dummy”)
Forecast

• See when a nearby station has a reported FCAT and see what 
are the chances that another station has the same FCAT
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Method 3 – Numerically Predict Ceiling 
Height & Visibility
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• Uses numeric models to 
predict ceiling height and 
visibility

• Accurate from 0 h future to 
25 h future

• Is a complex way to solve 
our main research 
question



Method 4 – Our Objective

Use Neural Networks to 
Predict Flight Rules
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Method 4 – Our Objective
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Use Neural Networks to Predict Flight Rules

Hypothesis:

LSTM NNs will accurately predict Flight 
Categories



Schematics – Overall Work of REU
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Schematics – Presented Work of REU
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2. Data 
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Sample Size

• 194 total airports (stations) in 
the Appalachian region 

• Neural network model uses 4 
equidistant stations from 
sample
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First Data Source

• AWOS/ASOS sites give hourly updates of 
weather including:

• Visibility
• Cloud Ceiling
• Air Temperature
• Dew Point
• Relative Humidity
• Wind Speed

• These will be our predictors for our prediction 
model
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https://mesotech.com/pages/awos-3pt



Neural Network Data

• For predictors, we use 
• FCATs (reported)
• Air Temp (°C)
• Dew Point (°C) 
• Relative Humidity 
(%)

• and Wind Speed (kts)
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Data Preparation – Neural Network 
• Take FCATs of four stations and merge them according to date and 

timer
• Remove date, time, weather predictors (optional), and missing data
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Data Preparation – Neural Network 
• Separate response variable from predictor variable
• Split data sets into training and testing data sets
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Response Predictors
Training TestingTraining Testing



Data Preparation – Neural Network
• Multiple questions as to how to format data for future work

• Training-testing data split?

• Date and time?

• Missing data?

• Weather predictors?

• Geospatial/Cluster predictors? 
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3. Methodology 
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Recurrent Neural Networks
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• Neural network that uses 
previous information in the 
next sequential data  

• Commonly used in time 
series data

• Is the basis of our 
prediction model



Recurrent Neural Networks – Main Issue

• Difficult with large datasets

• Gradients (rate of change in loss) can either vanish or 
explode
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https://machinelearningmastery.com/visualizing-the-vanishing-gradient-problem/



Long Short-Term Memory Neural Networks 

• Solves the problem and exploding 
and vanishing gradients

• Uses gates to keep and forget 
certain information

• Can be made to go sequentially 
or bidirectionally
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https://www.analyticsvidhya.com/blog/2022/01/the-complete-lstm-tutorial-with-implementation/



Gated Recurrent Units 

• Also solves vanishing and 
exploding gradient 
problem

• Combines “forget” and 
“remember” gate in LSTM 
into one “update” gate
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https://www.youtube.com/watch?app=desktop&v=4F69m3krMHw



4. Results 
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Results – LSTM: Binary
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Results – LSTM: Multiclass
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Confusion Matrices – LSTM: Binary
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=  
341

347
ȉ 100%

=  
15

61
ȉ 100%



Confusion Matrices – LSTM: Multiclass

7/2/24 Prediction of Flight Categories using LSTM Deep Learning 32



7/2/24 Prediction of Flight Categories using LSTM Deep Learning 33



7/2/24 Prediction of Flight Categories using LSTM Deep Learning 34

Pos/Neg Prediction Accuracy (%) True Pos/Neg Rate (%)
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Conclusions 
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5. 



• Binary has higher accuracy than multiclass, but 
loss doesn’t decrease with validation data

• All three models have similar binary accuracy

• Models struggle with predicting rare events

• There are problems with certain stations having 
better/worse predictions than others
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Conclusions
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6. Future Work 



• Continue to test our prediction model 
• Data splits
• Different models
• Predictors
• Architecture

• Incorporate hierarchical clustering and/or 
geospatial data into our model
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Future Work
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Thanks!    Questions?



Appendix



Methodology



RNN Structure

https://towardsdatascience.com/grus-and-lstm-s-741709a9b9b1



LSTM Structure

https://towardsdatascience.com/lstm-recurrent-neural-networks-how-to-teach-a-network-to-remember-the-past-55e54c2ff22e



GRU Structure



Results





Pos/Neg Prediction Accuracy (%) True Pos/Neg Rate (%)



Pos/Neg Prediction Accuracy (%) True Pos/Neg Accuracy (%)





Pos/Neg Prediction Accuracy (%) True Pos/Neg Rate (%)



Pos/Neg Prediction Accuracy (%) True Pos/Neg Accuracy (%)


