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What is wildlife-aircraft strike risk?



What is wildlife-aircraft strike risk?
• Relative Hazard Scores
• Collision Frequency
• Total Cost of Damage
• Operational Delays
• Closest Approach Point

?



What is wildlife-aircraft strike risk?

𝐸𝐸(𝑋𝑋) = �𝑥𝑥𝑖𝑖𝑃𝑃(𝑥𝑥𝑖𝑖)

Defining wildlife-aircraft strike risk as an expected value:

𝑥𝑥𝑖𝑖 = Measure of Damage (e.g., Direct & Indirect Cost)

𝑃𝑃(𝑥𝑥𝑖𝑖) = Probability of Damage Occurring



Defining risk as an expected value

For example: Should you go to the park based on 
the weather forecast?

𝑥𝑥𝑖𝑖 = A Rain Shower

𝑃𝑃 𝑥𝑥𝑖𝑖 = 25%

𝐸𝐸(𝑋𝑋) = �𝑥𝑥𝑖𝑖𝑃𝑃(𝑥𝑥𝑖𝑖)



Defining risk as an expected value

For example: Should you go to the park based on 
the weather forecast?

𝑥𝑥𝑖𝑖 = A Tornado Alert

𝑃𝑃 𝑥𝑥𝑖𝑖 = 25% X

𝐸𝐸(𝑋𝑋) = �𝑥𝑥𝑖𝑖𝑃𝑃(𝑥𝑥𝑖𝑖)



𝑥𝑥𝑖𝑖 = Sum of all direct and indirect financial costs 

𝐸𝐸(𝑋𝑋) = �𝑥𝑥𝑖𝑖𝑃𝑃(𝑥𝑥𝑖𝑖)

What is wildlife-aircraft strike risk?

Allan 2001, Altringer et al., 2021



𝑥𝑥𝑖𝑖 = Sum of all direct and indirect financial costs

𝑃𝑃 𝑥𝑥𝑖𝑖 = 

𝐸𝐸(𝑋𝑋) = �𝑥𝑥𝑖𝑖𝑃𝑃(𝑥𝑥𝑖𝑖)

What is wildlife-aircraft strike risk?

?
Allan 2001, Altringer et al., 2021



What is the probability of rain at 6:00p?

Forecast



What is the probability of rain at 6:00p?

ForecastRadar



What is the probability of rain at 6:00p?
Forecast

Radar

+
Data Modelling
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What is the probability of wildlife aircraft damage?

Data Modelling

?



The Goal: 

1. Establish the methodology for modelling the 
probability wildlife-aircraft damage

2. Identify and validate the data sources that exist that 
can inform estimates of the probability of wildlife-

aircraft damage



The Overarching Premise: 
Establish a methodology to estimate the probability of a 
damaging bird strike as a conditional probability, with 
existing data sources, at three different airports (O’Hare, 
SeaTac, NAS Kingsville) for a subset of species of concern 
(Ross et al., 2025)



Modelling wildlife-aircraft damage as a
CONDITIONAL PROBABILITY



Probability Wildlife-Aircraft Interaction:

Wildlife Hazard 

Wildlife

Airfield Airfield 

Yes No 



Probability Wildlife-Aircraft Interaction:

Arrondo et al., 2021

• eBird 

• Species Distribution Modelling

• Radar Data

• Date

• Survey Data

• Movement Data

• Existing Theoretical Tools

• ADS-B

• ASPM Flight data



Probability Wildlife-Aircraft Interaction:



Yes No 

Probability of Wildlife-Aircraft Collision |



Pakula et al., 2026

Fernández-Juricic et al, 2018

Probability of Wildlife-Aircraft Collision |

• Radar Data

• Species Morphology & 
Physiology 

• Wildlife Behavior

• Pilot Behavior



Yes No 

Probability of Wildlife-Aircraft Damage|



Probability of Wildlife-Aircraft Damage |

• Aircraft Speed

• Phase of Flight

• Aircraft Type

• Bird Body Size

• Bird Flock Size/Volume/Density

Hiembs 2011, Washburn et al., 2017, Shaui et al., 2024, Dolbeer et al., 2025



Airfields & Aerodomes are complicated places



Arrondo et al., 2021

Existing Data Sources Machine Learning



Data

Modelling



In Conclusion: 
A robust system, not just birds in vicinity, capable of 
predicting the probability of damaging wildlife-aircraft 
interactions to inform:

Flight Planning Wildlife Management Aircraft Design
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Management Implications:

1. Flight Planning & Safety: providing estimates of the probability of a damaging bird 
aircraft collision for specific flight paths & locations

X



Management Implications:

2. Management Operations: Prioritizing management practices on the airfield to 
target species of concern. (i.e., Wildlife Hazard Management Plans)

Aerodome
Greater probability of 

damaging collision 

lower probability of 
damaging collision 



Management Implications:

3. Informing decision making regarding aircraft repairs and components

Lunn et al., 2026

E.g., Radome is likely to sustain 
X amount of damage over Y 

number of movements



Data

Modelling



Probability of Wildlife-Aircraft Damage|



Probability Wildlife-Aircraft Interaction:

Arrondo et al., 2021 Hashemi et al., 2023



Probability of Collision

Yes

Probability of Damage

Yes
Probability of Interaction



What is the probability of a damaging bird strike?

Modelling



Modelling wildlife-aircraft strike damage as a
CONDITIONAL PROBABILITY



Wildlife-Aircraft Strike Risk: A Conditional Probability

Probability of Collision|

Yes No 



Harnessing “Big Data” to quantify the probability of bird strikes at airports

• Citizen Science (e.g., eBird)

• Weather Radar Data (e.g., BirdCast)

• Radar Systems (site specific)

• Flight Numbers (e.g., DOT)

• Collisions Reported (e.g., FAA Database)

• Scientific Literature 

• Survey Data (e.g., Airfield Biologist)



How does wildlife negatively impact flight operations?  

Probability of Collision|

Yes No 



How does wildlife negatively impact flight operations?  

Probability of Collision|

Yes No 



Claude Harnessing “Big Data” to quantify the probability of bird strikes at 
airports



Defining risk as an expected value
𝐸𝐸(𝑋𝑋) = �𝑥𝑥𝑖𝑖𝑃𝑃(𝑥𝑥𝑖𝑖)

For example: Should you go to the park based on 
the weather forecast?

𝑥𝑥𝑖𝑖 = A Tornado Alert

𝑃𝑃 𝑥𝑥𝑖𝑖 = 25%



What is wildlife-aircraft strike risk?
Measure of consequence (e.g., Direct & Indirect Cost)

Likely Stakeholder Specific
• Direct Repair Costs 
• Indirect Costs (e.g., flight delays, lost income)



What is the probability of a consequence 
occurring as the result of wildlife & aircraft 
interaction?

𝐸𝐸(𝑋𝑋) = �𝑥𝑥𝑖𝑖𝑃𝑃(𝑥𝑥𝑖𝑖)

Defining wildlife-aircraft strike risk as an expected value:

𝑥𝑥𝑖𝑖 = Measure of consequence (e.g., Direct & Indirect Cost)

𝑃𝑃(𝑥𝑥𝑖𝑖) = Probability of consequence occurring



What is wildlife-aircraft strike risk?
Measure of consequence (e.g., Direct & Indirect Cost)

Likely Stakeholder Specific
• Direct Repair Costs 
• Indirect Costs (e.g., flight delays, lost income)



What is wildlife-aircraft strike risk?

𝐸𝐸(𝑋𝑋) = �𝑥𝑥𝑖𝑖𝑃𝑃(𝑥𝑥𝑖𝑖)



What is wildlife-aircraft strike risk?



Harnessing “Big Data” to quantify the probability of bird strikes at airports



Harnessing “Big Data” to quantify the probability of bird strikes at airports

• Citizen Science (e.g., eBird)

• Weather Radar Data (e.g., BirdCast)

• Radar Systems (site specific)

• Flight Numbers (e.g., DOT)

• Collisions Reported (e.g., FAA Database)

• Scientific Literature 

• Survey Data (e.g., Airfield Biologist)



Project Objectives

• Forecast the probability of bird strikes

• Evaluate effectiveness of current BASH 
management practices

• Develop interactive dashboards for airport 
operations and flight planning



3. Develop & evaluate predictive 
models of strike probability

2. Build & Automate Pipelines

4. Forecasts of strike probability 5. Transfer to dashboard 
with automatic updating

6. Predict strike probability & 
assess mitigation strategies

Modeling & dashboard developmentData Processing

1. Collate data

Pipelines



Development an iterative process



Next Research Steps: 

1. Identify, gather, & assess the utility of existing data sources

In the process identify

• Spatial and temporal scale

• Species of concern

• Critical variables (e.g., landcover, 
altitude, speed, etc.)

Arrondo et al., 2021



Next Research Steps: 

3. Implement species distribution modeling in 3D around the airfield to forecast the 
probability of a bird strike

Pepin et al., 2012



Next Research Steps: 

4. Develop an accessible system for the probability of bird strike estimates to aid  
stakeholder decision making (i.e., flight planning, material use)

Lunn et al., 2026



Management Implications:

1. Flight Planning & Safety: providing estimates of the probability of a damaging bird 
aircraft collision for specific flight paths & locations

X



Management Implications:

2. Management Operations: Prioritizing management practices on the airfield to 
target species of concern. (i.e., Wildlife Hazard Management Plans)

Aerodome
Greater probability of 

damaging collision 

lower probability of 
damaging collision 



Management Implications:

3. Informing decision making regarding aircraft repairs and components

Lunn et al., 2026

E.g., Radome is likely to sustain 
X amount of damage over Y 

number of movements



The economic benefits of a BASH program (2005-2021)

The economic benefits of a BASH program (2005-2021)

Altringer et al., 2024

BASH Management Programs averted 147 million in costs 

No BASH Management:
$210 Million 

BASH Management:
$63 Million 



mike.begier@usda.gov     202-341-7377

Questions ? 



Bird Aircraft Collisions & the P-8 Poseidon Aircraft
Total Repair Cost: $8.3 million (2814 Incidents, 125 Aircraft, 2012-2026)

• Birds Not Reported: $757,774 (1153 Incidents, 18 Mishaps)
• Birds Reported: $7.54 million (1576 Incidents, 46 Mishaps) 



Bird Aircraft Collisions & the P-8 Poseidon Aircraft

Birds Reported: $7.54 million (1576 Incidents, 46 Mishaps) 

• Severe: $0 (7 Incidents, 0 Mishaps)
• Moderate: $179,386 (229 Incidents, 8 Mishaps)
• Low: $5.86 million (1274 Incidents, 34 Mishaps)
• Unknown: $1.49 million (66 incidents, 4 Mishaps)



Bird Aircraft Collisions & the P-8 Poseidon Aircraft

Birds Reported: $7.54 million (1576 Incidents, 46 Mishaps) 

• Severe: $0 (7 Incidents, 0 Mishaps)
• Moderate: $179,386 (229 Incidents, 8 Mishaps)
• Low: $5.86 million (1274 Incidents, 34 Mishaps)
• Unknown: $1.49 million (66 incidents, 4 Mishaps)

The ability to identify the risk or predict the probability of 
economic damage is limited



1. Review Methodologies of Bird Strike Risk Estimation & 
Build upon existing theoretical frameworks 

Next Research Steps: 

Literature
Theory



Defining wildlife-aircraft strike risk as a 
conditional probability
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