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Abstract

This study investigates the relationship between population density and wildlife strikes per
operation at 78 airports in the Southeastern Region of the United States: Florida, Georgia, North
Carolina, and South Carolina. The data are derived from the year 2020. The descriptive statistics
revealed consistent wildlife strike rates across varying operations and population densities. The
inferential statistics revealed a very weak correlation and no statistical significance. After removing the
outliers, the correlation and statistical significance remained the same. Despite expectations and
support from literature findings, the data revealed no relationship between population density and
wildlife strikes per operation, indicating further research is necessary to improve safety.
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1. Introduction

The United States has a growing air transport industry, resulting in an increase in interactions
between flight operations and wildlife. The Federal Aviation Administration (FAA, 2024a) has
documented thousands of wildlife strikes through their National Wildlife Strike Database (NWSD),
emphasizing the need for wildlife mitigation strategies to be implemented, which can be made possible
through a better understanding of how an airports’ surrounding environment can influence wildlife
habitats and activity, and ultimately the total risk posed to wildlife strikes in that surrounding area. The
purpose of this study was to investigate the relationship between population density surrounding an
airport, and the airport’s associated number of wildlife strikes per operation in 2020. Population
density was measured utilizing population figures reported in the US 2020 Census for individual ZIP
codes surrounding an airport, which were then divided by surface area covered by the ZIP codes
(United States Census Bureau, 2020). Wildlife strike data were collected from the FAA’s (2024a) NWSD,
and operations data for individual airports were collected from the FAA’s (2024b) Operations Network
(OPSNET).

1.1. Research Question and Hypothesis

The study addressed the following research question: what is the relationship between
population density surrounding an airport and the reported number of wildlife strikes per operation?
An inverse relationship between population density and reported wildlife strikes per operation at
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airports was expected. This is due to the significant threats created by urbanization towards wildlife
habitats and populations (Isaksson, 2018). Rural environments with lower surrounding population
densities are more likely to be home to thriving wildlife populations, which is anticipated to increase
the probability of wildlife strikes within the airport environment and its surroundings.

1.2. Significance

The study provided data on the number of wildlife strikes depending on the population density
of airports. This study improved the understanding of wildlife strikes at towered airports of different
sizes, and whether the population density surrounding these airports may be related to wildlife strike
occurrences. Findings from this research study may have broader implications in the aviation industry
as models are developed. The information gathered from this can improve safe aircraft operations for
all involved in the aviation industry: commercial aircraft, general aviation aircraft, private aircraft, etc.
Further research can help implement wildlife strikes risk assessment models for land-use practices,
implement legislation to regulate wildlife hazards, and implement increased training awareness
(Blackwell et al., 2009).

The results of this study are generalizable to towered airports located in the Southeastern United
States, namely Florida, Georgia, South Carolina, and North Carolina. This is because the sample is
representative of that population with regard to climate, species of wildlife inhabiting the land
surrounding airports, and airport sizes. In addition, the results may be generalizable to airports with
similar weather patterns, climates, and regional airport traffic in the near geographic vicinity.

2. Literature Review

Using public data from the US Census Bureau and the FAA, this research investigated the potential
relationship between the population density surrounding an airport and that airport’s corresponding
number of wildlife strikes per operation annually. An analysis of existing literature and research
pertaining to relevant topics is vital in developing a better understanding of key elements pertaining
to this research, such as the impact of wildlife strikes on aviation, current wildlife strike prevention and
mitigation strategies, and the impacts of urbanization on wildlife.

2.1. Impacts of Urbanization on Wildlife

In the pursuit of identifying a potential relationship between an airport’s surrounding population
density and reported wildlife strike figures, it is vital to better understand the relationship between
urbanized environments and their surrounding wildlife populations. Naturally, an area with a rich and
extensive wildlife population and concentration is likely to create an increased threat of wildlife strikes
to aircraft operating in its vicinity. Given this, understanding the interactions of wildlife species,
populations, and habitats with a highly urbanized and populated surrounding environment can provide
a better understanding of the inherent risks posed to aircraft operating at airports surrounded by
densely populated areas in comparison to rural environments.

These interactions between urbanized environments and their surrounding wildlife populations can
be of great interest for land-use planning with regard to airport development and management of their
surrounding areas. Most airports classified as major hubs are situated in peripheral locations of city
boundaries, as this is beneficial to obstacle clearance for departing and arriving aircraft, and reduced
noise pollution to densely populated areas created by airports with many operations (ICAO, 2015).
However, there are also many airports located within city boundaries that are home to many flight
operations. These airports are commonly located in metropolitan areas and consist predominantly of
regional airports with extensive airline operations, or local airports with significant general aviation
operations (FAA, 2022). This variance in the environments surrounding airports may create
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inconsistencies in wildlife strike probabilities and risks, and further understanding the environment's
connection to wildlife strikes can be of great importance for future land-use planning and identifying
airports that may be more vulnerable to wildlife strike hazards.

Urbanization refers to a population’s shift towards a concentrated area of land, with land-use efforts
focusing on the development of residential, commercial, industrial, and transportation infrastructure
(Environmental Protection Agency, 2024). Urbanization is a key driver of landscape conversion,
creating significant potential for alterations to wildlife patterns and ecological processes (Lewis et al.,
2015). As humans develop new structures, transportation networks, and industrial complexes, the
surrounding land transitions from natural green habitats to anthropogenic structures and impervious
surfaces that impede ecological flourishment (Isaksson, 2018). This creates significant challenges for
local wildlife, who are forced to either adapt to this changing environment, or to entirely avoid these
new conditions and migrate elsewhere. Haddad et al. (2015) observed that fragmentation of habitats
resulted in a degradation of biodiversity, ecological processes, and species richness both in short-term
and long-term experiments and across various habitats. The effects of fragmentation resulted in a
species population decline to half of the population in an unfragmented landscape with the same
composition (Wiegand et al., 2005).

A primary threat to wildlife in an urbanized habitat comes in the form of environmental changes
associated with extensive artificial developments. In such densely populated environments, wildlife
populations are more exposed to various toxic anthropogenic substances and are at a highly increased
risk for parasite and disease transmission due to the urbanization’s interference with ecological
processes necessary for wildlife species to flourish (Murray et al., 2019). Birds make up a large portion
of species affected by urbanization. Factors, such as increased chemical pollution, increased light and
noise pollution, and increased traffic, all contribute towards altered behavior of birds, and risks to
survival and reproduction (Seress & Liker, 2015). Many species struggle significantly with survival in
habitats experiencing an increasingly dense human population and emigrate due to the challenges
faced; these species are known as “urban avoiders” (Isaksson, 2018). However, certain species have
also been found to thrive in densely populated areas, with species, such as raccoons, skunks, and red
foxes, reaching their highest densities in urban environments (Riley et al., 2003). However, the overall
impacts of urbanization on wildlife populations have been found to be predominantly harmful, largely
due to habitat fragmentation serving as a key driver in diminished wildlife populations, even if a species
could potentially survive and persist through the environmental changes. Fragmentations of natural
landscapes in urbanizing environments can alter ecological processes through removal and isolation of
native vegetation, which may be crucial for the survival of local species. These alterations and
interferences with natural processes ultimately result in smaller wildlife populations, which are now
exposed to new threats (Marzluff & Ewing, 2001). These threats can come in the form of increased
competition with neighboring species, exposure to larger populations of predators, and increased
disturbances and mortality rates from direct human interference (Marzluff & Ewing, 2001).

2.2. Impacts of Wildlife Strikes on Aviation

The first bird strike occurred in 1905 with the Wright Flyer 1ll, almost 100 years ago (Metz, 2020),
and bird strikes have long been a safety concern to all involved in the aviation industry since. The
financial burdens and safety concerns surrounding bird strikes have resulted in the implementation of
safety mitigation strategies in airport planning. Bird strikes are unavoidable as nature and machines
are interacting in various airspaces. In the 1960’s, wildlife strikes became more frequent due to the
increased speed and quietness of aircraft (Dolbeer, 2013). According to Alharbi et al. (2024), the
number of wildlife strikes reported between 2013 and 2022 was 145, 007. As technology and the
popularity of the aviation industry increases, airlines need to understand how to operate with wildlife
in shared airspace.
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Financial burdens among the owners and operators of aircraft and airports involved in bird strikes
are unavoidable and drastic. In recent reports, it was found that roughly 39 bird strikes were reported
daily within the aviation industry (Ferra et al., 2021). Additionally, civil aviation reported roughly 2.83
to 8.19 bird strikes per 10,000 aircraft movements (Metz, 2020). Besides repairing aircraft after bird
strikes, the operator must pay for the downtime operations, such as hangar space, and loss of revenue
(Ferra et al., 2021). Loss of revenue includes passenger rebooking, aircraft rescheduling and rentals if
applicable, and flight cancellations (Metz, 2020). According to FAA NWSD reports by Dolbeer et al.
(2015), the average aircraft downtime was around 119.4 hours, repair costs were $169,349 per
incident, and revenue lost from canceled flights were $28,596. The annual costs related to commercial
aircraft repairs due to bird strikes were estimated to be around $682 million in 2012 (Pitlik et al., 2012)
and estimated at least one billion dollars now. No matter the size of the bird strike incident, aircraft
downtime has a major effect on the operation of a business, airport, and flight crews. Airport
operations can be temporarily impaired due to the removal of wildlife and runway closures that may
exist. Aircraft must be inspected no matter the magnitude of the bird strike prior to the next departure
to ensure aircraft airworthiness holds its integrity and to ensure safe operations can be maintained
(Metz, 2020). With the increased costs of operations, repairs, and accommodations increasing, the
implementation of Wildlife Management Plans at airports has been suggested when multiple wildlife
strikes have occurred (Wildlife Hazard Management, 2020). They were used to increase
communication and collaboration among different airports with similar wildlife presence (Pitlik et al.,
2012). The plans entail identifying the types of species around specific airports and determining the
correct tools to deter the species away from the airports (Ferra et al., 2021). In 2013, similar plans for
decreasing wildlife strike frequency were suggested by Dolbeer and continued to be in 2021 by Ferra
et al. This highlights the importance of wildlife strikes being investigated for future research.
Suggestions on wildlife management plans from previous research highlight the need for continuous
investigation on mitigation strategies.

Safety concerns during bird strikes are relevant to the flight crew and passengers as the potential
for sudden deaths among all involved is a possibility. A long history of bird strikes has occurred leading
to devastating and remarkable results (Ferra et al., 2021). Wildlife strikes create aerodynamic issues
for the aircraft due to the smoothness of the aircraft wing being dented, fractured, or structurally
damaged. When this occurs, the aircraft no longer operates normally and requires more input controls
by the pilot to maintain a safe attitude, altitude, and airspeed (FAA, 2016). The effects of wildlife strikes
highlight how frightening it can be to the flight crews, whose lives are in jeopardy. In reports from
2019, the aviation industry experienced 618 hull losses and 534 fatalities (Metz, 2020). The large
number of fatalities can be related to the relationship between aircraft characteristics and the
likelihood of bird strikes in critical aircraft parts. Bird strikes are likely to occur and have been reported
more frequently to strike at the nose, wings’ leading edges, and the engines (Metz, 2020). Engine
failures are the most critical of the above parts because they affect performance, handling, and other
systems. All of these factors are influential in the detrimental occurrence of fatalities and accidents.
Damage tolerances based on the FAA are the following: windshields can withstand 2-pound birds at
cruise speed without penetration, structures can withstand 4-pound birds when the velocity is
relatively equal to the birds' flight path, and the empennage can withstand 8-pound birds at cruise
speed (Metz, 2020). Wildlife strike hazards occur in all sizes. The need to investigate wildlife strikes
based on population density surrounding airports is necessary to relieve financial burdens and
decrease safety concerns.
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2.3. Current Wildlife Strike Prevention and Mitigation Strategies

Wildlife strikes have become a serious hazard to the aviation industry, with a potential to cause
serious aircraft damage to a catastrophic accident. Historically, several mitigation strategies have been
applied to reduce wildlife strikes and increase overall safety at and around the airports. However,
according to Ning and Chen (2024), the underreporting of wildlife strikes remains a major concern.
Ning and Chen (2014) stated that there has been previous research using radar around airports
attempting to lower the frequency of wildlife strikes via probability estimation (a technique used to
determine the likelihood that a bird will fly over a certain runway, broken into three factors: distance,
angle, and bird species. The severity estimation is done by questioning experts in the field, and then
the results are put into a matrix to refine the answers down to get the most common answer.
Probability and severity estimation techniques helped the aviation community to understand the real-
time trend in the wildlife strike data rather than relying on historical data, leading to the improvement
in prediction of flocks over a specific runway (Ning & Chen, 2014). However, failure of radar systems
could potentially lead to an inaccurate estimation of bird reports (Ning & Chen, 2014).

Szafranski et al. (2022) analyzed methods for real-time monitoring and predicting wildlife strike
risks. The article discussed military operations and civilian operations that are affected. Szafranski et
al. (2022) used formulas and models to predict future trends for where and when operations could be
affected, similar to Ning and Chen (2014). Szafranski et al. (2022) research efforts were more directed
at military operations globally rather than civilian operations. Algorithms were used for detecting the
density of bird flocks and what their speed and direction are (Szafranski et. al, 2022). The algorithm
was used in a heavy migration area in Poland with lots of bird activity to test how it could further the
understanding of the field (Szafranski et. al, 2022). Most of the studies that have been done are focused
on bird populations and how dense populations of birds can be mitigated, so there are fewer accidents.
Prior research can be used to relate population density surrounding airports with wildlife strikes, which
has not been focused on nearly as much. If mitigation and prevention of wildlife strikes can be
improved, then there will be a much safer environment for aviation as a whole, and the more that risk
is reduced, the less money will be lost (Szafranski et. al, 2022).

Alhumaidi et al. (2023) discussed the phases of flight that are more likely to have wildlife strikes
occur. The data were collected by looking at annual wildlife strike reports and sorting the strikes by
which phase of flight they happened during. It was found that the most common phase of flight to
have a wildlife strike was during approach, and the least common was when the aircraft was parked
(Alhumaidi et al., 2023). Wildlife strikes have become more common over time, impacting the amount
of money that the aviation industry has to spend on repairs and mitigation (Alhumaidi et al., 2023).
This study showed that the most common time for a wildlife strike is during approach, which means
that the aircraft is close to the airport.

Itis evident that wildlife strikes are of great importance to the air travel industry in the United States,
considering the high potential for considerable costs to safety and financial repercussions. While there
are currently wildlife strike risk mitigation efforts in place, there is a lack of research on the potential
relationship between land-use surrounding an airport and wildlife strike rates. By investigating this, a
new perspective may be considered for future wildlife strike mitigation strategies, and urban
development planning in areas directly surrounding an airport.

3. Methods

A correlational study was conducted. The number of wildlife strikes per operation at an airport was
correlated with the airport’s surrounding population density. Wildlife strike data were collected from
the FAA’s (2024a) NWSD for the year 2020 using selected towered airports located in Florida, Georgia,
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South Carolina, and North Carolina, while the FAA (2024b) OPSNET provided data on the number of
annual flight operations in 2020 at the selected airports. After the data were downloaded, the
combined population density of the surrounding zip codes was grouped by individual airports. After
doing so, the data were organized based on the selected towered airports located in Florida, Georgia,
North Carolina, and South Carolina. The counting was conducted using Excel with the Pivot Table
function. Reports containing missing data for the selected variables were excluded from the dataset.

Data for the independent variable, population density around selected towered airports, was
collected from the United States Census Bureau (2020) Population Census. The data collected from the
census consisted of population per zip code and the area of all surrounding zip codes. The populations
for all the relevant zip codes were summed and divided by the combined surface areas of the zip codes
to provide a figure for the general surrounding population density. All zip codes located within a 5-mile
radius from the airport were included. Once data for both the number of wildlife strikes per operation
and the population density surrounding each individual airport were collected, it was combined into a
spreadsheet for the data analysis.

The data analysis consisted of a set of descriptive statistics (mean, median, range, and standard
deviation) on population density, total wildlife strikes, total wildlife strikes per operation, and wildlife
strikes per operation for each selected airport. The final dataset was analyzed using RStudio Version
4.4.1, a digital statistics software. Statistical inferences were made using Pearson’s r to provide a
numerical value for the correlational study. The correlation coefficient indicates a positive or negative
relationship between continuous numerical variables, in addition to the strength of the correlation
between the two variables.

4. Results

Population data for the research was organized into four sheets containing zip codes that fall within
a 5-mile radius of each airport, population and surface area of each zip code, and the cumulative
population per square mile of all zip codes surrounding each airport. In Excel, population density was
calculated by dividing the cumulative population by the cumulative surface areas of all zip codes within
a 5-mile radius of each airport. Wildlife strikes per operation were calculated as the total number of
operations for each airport divided by the number of reported wildlife strikes. The final dataset
included all wildlife strike reports for 2020 from 78 airports within the states of Florida, Georgia, South
Carolina, and North Carolina. Airports with missing operations data from the FAA’s (2024b) OPSNET
were excluded. Descriptive statistics for total wildlife strikes, wildlife strikes per operation, operations
per airport, and population density are shown in Table 1.

A mode of 0 for Wildlife Strike Count and Operations per airport was a consequence of missing data
from the databases utilized. Airports with missing data for these variables were excluded from the
dataset utilized for descriptive and inferential statistics. The calculated wildlife strikes per operation
demonstrated a tendency to remain consistent despite large differences in operations figures and
population densities for different airports.

Table 1. Descriptive Statistics for Wildlife Strikes, Operations, and Population Density in 2020

Mean Median Range SD
Wildlife Strikes Per
Operation 0.00016 | 0.0001 0 - 0.001 0.00018
Wildlife Strike Count 18.39 8 0-194 29.45
Operations Per Airport 96,772 87,265 0-548,016 80,606.02
Population Density 1,715.62 | 992.54 | 50.48-7,614.19 | 1,742.58
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A Pearson’s r of -.14 was calculated between population density and wildlife strikes per operation,
highlighting a very weak negative correlation between population density and wildlife strikes per
operation. The associated p-value of .23 highlights that the correlation between the variables is not
statistically significant. A scatter plot of the relationship between the two variables can be seen in
Figure 1. The assumption of no outliers for the Pearson's r test was not met, so the outliers were
removed from the set, and a second test was run. The second Pearson's r showed not much change in
the results; there was still a very weak negative correlation with no statistical significance.
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Figure 1. Wildlife Strikes Per Operation Vs. Population Per Square Mile

5. Discussion

The results indicated that the hypothesis, which predicted an inverse relationship between
population density and reported wildlife strikes per operation, was not supported. Through an analysis
of the dataset utilizing both descriptive and inferential statistics, a very weak negative correlation was
identified between the two variables (r=-0.14, p= .23). The scatterplot portraying the data (Figure 1)
further supports this lack of correlation. The second test with no outliers indicated that there was a
very weak negative correlation with a Pearson's r value of -.098 and a p-value of .43, showing no
statistical significance.

This result contrasts with the expectations created by various findings from the literature review.
Lewis et al. (2015) stated that the landscape conversion and fragmentation of habitats creates
significant potential for alterations to wildlife patterns and ecological processes. Wiegand et al. (2005)
supported this by identifying that fragmentation can result in a species population decline to half of
the population in an unfragmented landscape with the same composition. Isaksson (2018) attributed
this to “urban avoiders”, referring to the various species that struggle to cope in highly urbanized
environments consistent with densely populated areas, and are forced to migrate elsewhere. The
extensive research outlining the harmful effects of urbanization on wildlife populations led to the
expectation that a damaged ecosystem and decline in wildlife populations would result in a lower
threat of wildlife to aircraft operations in the vicinity, and a consequent decrease in reported wildlife
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strikes. However, Isaksson’s research also noted the existence of species that thrive in urbanized
environments, which may provide an explanation for the findings in this study

A limitation to this study can be seen in the data utilized. While the databases originate from
reputable government agencies, the FAA’s (2024a) NWSD relies on voluntary reports of wildlife strikes
made by pilots to gather data. For this reason, the figures may not entirely represent the actual number
of wildlife strikes at each airport due to the possibility of unreported events. However, it is assumed
that the figures are at least proportional to the number of wildlife strike occurrences. Additionally, the
most recent US Census was conducted for the calendar year of 2020. This data was selected as it is
collected by a government entity, providing the most accurate figures and allowing the different data
sources to be used together. Given that it is currently 2024, there is a high likelihood of changing
populations, meaning that results may no longer apply. However, this change is assumed to be
negligible.

Despite the lack of correlation between population density surrounding an airport and the rate of
wildlife strikes per operation, given the evident effects of urbanization on wildlife populations
identified in the literature review, there is still potential for further research on the interaction
between urbanization and aircraft wildlife strike occurrences. Future research can take a historical
approach, utilizing a smaller airport sample size and focusing on reported wildlife strikes at airports
over the previous decade in comparison to the changing population per year around each airport.
Additionally, a correlational study could consider the airports with the highest reported annual wildlife
strikes in the United States to evaluate a potential pattern with the surrounding population density of
those airports. Other confounding variables, such as wildlife strike mitigation strategies at each airport,
local climates, and local species populations, may also be considered to allow for a more accurate and
representative analysis. With the current findings, no major suggestions can be made to assist with
reducing the threat posed to aviation by wildlife strikes; however, further research in this field can be
of great help with future airport developments and land-use planning to assist in doing so.
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