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Abstract  

Purpose: Research has shown that there are a number of consequences due to noise exposure 

such as hearing loss, sleep disturbance, hypertension and ischemic heart disease as well as non-

medical consequences such as increased stress levels (Passchier-Vermeer & Passchier, 2000). 

Furthermore, the World Health Organization has also determined environmental noise, in 

particular, negatively impacts the previously mentioned aspects of life as well as spoken 

communication, mental health, and cognitive tasks (Goines & Hagler, 2007). In addition, there 

has been an increase of environmental noise sources, which can impact multiple aspects of 

people’s lives thereby making environmental noise exposure a greater public health concern 

(Goines & Hagler, 2007). As a result, people exposed to noise are at risk for negative 

consequences to their general health as well as experiencing a reduced quality of life due to 

increased levels of annoyance and stress.  The World Health Organization International 

Classification of Functioning, Disability, and Health (WHO-ICF) encourages medical 

professionals to think beyond the medical concern. In terms of assessing noise exposure, it is 

necessary to consider the non-auditory effects of noise (Gagné, Jennings, & Southall, 2014). One 

environmental noise source is military aircraft. This analysis will emphasize military aircraft 

exposure with the intent to explore the impact of aircraft noise on communities that are within 

the flight path of the Davis Monthan Air Force Base by comparing the aircraft noise exposure 

and general mental health effects in communities within the flight path and those that are not. 

Methods:  To compare aircraft noise exposure, sound level measurements were performed using 

a Larson Davis Model 831 Class 1 Sound Level Meter. The recordings were compared to the 

Environmental Protection Agency (EPA) guidelines for acceptable sound level exposure as the 

EPA, the only agency that considers community noise, created the Noise Control Act (NCA) of 
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1972 to reduce the impact of noise on the population’s well-being (United States Environmental 

Protection Agency [US EPA], 1972). The Depression Anxiety and Stress Scale (DASS-21) was 

disbursed to local neighborhood associations and homeowner associations via Google Survey to 

investigate the correlation between the sound levels to self-perceived stress and anxiety levels. 

Results: The sound level measurements reveal that communities within the flight path 

experience more disturbances than communities out of the flight path. Despite the number of 

daily disturbances, only 18% of participants living within the flight path self-reported stress and 

anxiety levels greater than normal, indicating these individuals may be referred for additional 

assessments. It is not definitive that military aircraft noise is causing the increase of stress and 

anxiety for these participants. However environmental noise disturbances is exceeding the EPA’s 

allowable noise levels criteria.  

Keywords: community noise, environmental noise, noise exposure, military aircraft, 

 stress, anxiety, mental health, sound level measurements, Environmental Protection 

 Agency, Depression, Anxiety, and Stress Scale-21 

 
Introduction 

Noise, which is generally defined as unwanted sound, can be separated into two 

categories, occupational and environmental (Basner, Babisch, Davis, Brink, Clark, Janssen, et 

al., 2014). Occupational noise is generated within the workplace and can cause permanent 

hearing loss. Environmental noise is unwanted, but often not physiologically harmful. Examples 

of environmental noise are human activities, neighbors, traffic produced by various modes of 

transportation, or industrial activity (Passchier-Vermeer & Passchier, 2000). Another difference 

between occupational and environmental noise, aside from the noise source, is that 

environmental noise is not regulated by a federal organization because it typically is not present 
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at high enough levels to cause hearing loss. In contrast, the Occupational Safety and Health 

Administration (OSHA) and National Institute for Occupational Safety and Health (NIOSH) 

regulates occupational noise because employees may be at risk or noise-induced hearing loss 

(Center for Disease Control and Prevention, 2018; Unites States Department of Labor [USDL], 

n.d.). The Environmental Protection Agency (EPA) created the Noise Control Act (NCA) of 

1972 to acknowledge that environmental noise at “sub toxic” levels can still have adverse effects 

on general health. The EPA established a national policy to reduce the impact of noise on the 

population’s well-being (United States Environmental Protection Agency [US EPA], 1972). 

However, there is no enforcement of the NCA on a national or federal level as state and local 

governments are the main means of noise control. Additionally, the EPA noise standards are 

coordinated with other federal agencies that have expertise and provide regulations as it relates to 

the specific product or area. 

Studies have demonstrated an increase in environmental noise sources over the years, in 

particular aircraft noise (Murta, Greco, Bernardi, Pereira, & Paul, 2015). This is in part due to 

commercial flights becoming more frequent as it is a popular means of transportation, along with 

the growing number of homes near airports. In addition to commercial aircraft and airports, there 

are military aircraft and Air Force bases that are located near residential areas. While military 

aircraft activities may not be as frequent as commercial aircraft flights, their use of helicopters, 

powerful propulsion technology, and jet aircraft generate higher levels of noise (Murta, Greco, 

Bernardi, Pereira, & Paul, 2015). The community members in these residential areas are at risk 

for negative effects of noise exposure due to the higher sound pressure levels produced by 

military aircraft. Some of the consequences of noise exposure are hearing loss, sleep 

disturbances, hypertension, ischemic heart disease as well as non-medical consequences such as 
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increased stress levels (Passchier-Vermeer & Passchier, 2000). Furthermore, the World Health 

Organization (WHO) has also determined environmental noise in particular, negatively impacts 

the previously mentioned aspects of life as well as spoken communication, mental health, 

feelings of well-being, cognitive tasks, and quality of life, and has established environmental 

noise guidelines in Europe (Environmental Noise Guidelines for the European Region, 2018; 

Goines & Hagler, 2007).  The higher rate of air traffic suggests more people are exposed to noise 

and may be at risk of these consequences as well as a reduced quality of life due to increased 

levels of noise.  The WHO International Classification of Functioning, Disability, and Health 

(WHO-ICF) encourage health-care professionals to think beyond the medical concern of 

structural damage to the ear from toxic noise levels and consider the effects lower noise levels 

have on mental health. In terms of assessing noise exposure, it is necessary to consider the non-

auditory effects of noise as this follows the WHO-ICF framework (Gagné et al., 2014, Héroux & 

Verbeek, 2018). Stress and anxiety are considered known non-auditory consequences of noise-

exposure, and thus have a negative impact on the general well-being of people.  

This study will report the sound-level exposure that individuals living within the flight 

path of the Davis-Monthan Air Force Base (DM-AFB), located in Tucson, Arizona, experience 

and whether any correlative self-perceived stress and anxiety levels are reported, compared to 

individuals who are not living within the flight path. Stress and anxiety were the selected 

variables as opposed to annoyance because high levels of stress and anxiety have adverse effects 

on health and well-being. Beutel, Jünger, Klein, Wild, Lackner, Blettner, Binder, Michal, 

Wiltink, Brähler, & Münzel (2016) found that noise has a negative impact on mental health, 

specifically anxiety. Anxiety increased with the degree of overall annoyance. These effects can 

be seen even when noise is below the intensity levels known to cause noise induced hearing loss 
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(Basner et al., 2014). Sound level measurements, obtained using a Larson Davis Model 831 

Class 1 Sound Level Meter, along with the Larson Davis CAL200 calibrating device, will be 

compared to the Environmental Protection Agency guidelines for acceptable sound level 

exposure. It is expected that the recordings performed within the flight path will reflect fewer 

quiet moments and louder noise levels than recordings made in the areas not within the flight 

path. Stress and anxiety levels will be measured using a modified Depression Anxiety Stress 

Scale-21 (DASS-21) without the depression subscale. In turn, it is suspected that the noise level 

recordings will correlate with higher scores on the DASS-21, indicating people who live within 

the flight path are experiencing more negative effects on their mental health due to the frequent 

environmental noise exposure. The purpose of this analysis is to explore the impact of military 

aircraft noise on individuals living within the flight path of the DM-AFB, by comparing military 

aircraft noise exposure and general stress and anxiety levels in communities within the flight 

path to those that are not. 

 
Methods 

Flight Path  

A map of the DM-AFB defined the base’s air territory in Tucson, which contains the 

flight path (Arizona Department of Real Estate, 2019). The air territory in the vicinity of DM-

AFB is five miles from the end of the northwest runway, 1.5 miles to the southwest, 6.5 miles to 

the northeast, and is perpendicular on the southeast, which extends 10 miles from the end of the 

southeast runway of the military airport.  The air territory is used to represent the flight path 

although the flight path is only a portion of the air territory because the noise contours are not 

strictly adhered to as the military needs flexibility to perform trainings and missions, and the air 

territory is the area in which the military is permitted by the city of Tucson to fly (Pratt and 
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Whitney, 2016). It is more realistic to include the entire area that the Air Force is permitted to 

work in, therefore for the purposes of this study the flight path was extended to the air territory. 

The city of Tucson’s public records provided maps of the city with zip codes (City of Tucson, 

n.d.). The DF-AFB’s territory was then superimposed on to a map of Tucson with the zip codes 

to determine which zip codes are within the flight path (Appendix A). Any part of an area that 

fell within the flight path met the inclusion criterion (see Appendix B).   

 
Sound Level Measurements 

A sound level measurement is performed to measure and average sound pressure levels to 

determine noise exposure (Miller, 1987). Measurements were recorded in the backyard of two 

locations within the flight path (zip code: 85713). Location A has a concrete patio that covers 

approximately a fourth of the backyard. The rest of the yard is mainly dirt and grass, which has a 

trampoline and toys scattered about. The sound level measurements were obtained in the middle 

of the backyard of Location A. Location B has an uneven bricked in area, and a metal fence 

surrounding the backyard with several metal and plastic shelving units. Recordings were 

obtained facing away from the house, and near the farthest point of the yard, as there was a large 

tree that limited visual observation and identification of the aircraft flying overhead.  

Given that this study investigates community noise, federal agency standards that are 

typically involved in noise studies were not applicable. As stated previously, OSHA specifically 

regulates industrial and occupational noise, and has no domain or regulations for community 

noise (USDL, n.d.). Similarly, the NIOSH is not intended to protect people from environmental 

noise as it is used to regulate occupational noise (Center for Disease Control and Prevention, 

2018). However, the purpose of the EPA’s NCA of 1972 is to provide a basis for state and local 

governments in establishing community noise standards (US EPA, 1972). The caveat is that the 
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EPA’s standards are coordinated with other federal agencies that have expertise in the product or 

area being regulated. Thus the Department of Defense would be the federal agency to obtain 

noise standards for this study.  

The Department of Defense performed an environmental assessment of aircraft noise in 

2015 and followed the specific measurement guidelines of the Air Combat Command, Arizona 

Air Force Base (United States Department of Defense [US DOD], 2015). The analysis was to 

assess if flight operations should be altered based on the long-term annoyance in the community 

due to the noise level produced by the aircraft used at DM-AFB. The methods for this analysis 

utilized a computer model of averaged aircraft noise. The computer model uses the DOD 

recordings, and then creates a geographical representation of noise perceptions based on the 

number and type of flight operations planned over a year for the specific aircraft model (Pratt 

and Whitney, A United Technologies Company [Pratt and Whitney], 2016).  Furthermore, the 

computer-based measurements were averaged for a 24 hour period over the course of 365 days 

(US DOD, 2015). The study concluded the DM-AFB is not causing high levels of noise within 

the community that would result in interference of community members’ activity. 

The DOD’s environmental noise analysis of the DM-AFB could not be replicated due to 

study limitations (e.g.: access to the computer model to replicate the noise). However, if there 

was access to the computer model, alternative methods would be implemented for several 

reasons. The first being, the noise contours are not strictly followed because the military needs 

flexibility to perform trainings and missions to protect the nation (Pratt and Whitney, 2016). This 

indicates that the takeoff and arrival profiles will vary depending on the orders issued and the 

local environmental factors (i.e.: meteorological conditions). Therefore the noise contour is not a 

reliable estimate of the perception of noise generated by the DM-AFB.  Secondly, the averaging 
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of each day for a year bears little relation to the community effects caused by the noise from each 

aircraft. The long-term averaging, even with nighttime weighting (+10dB) for flights that take 

place from 10 pm to 7 am, does not represent the instantaneous and moment-by-moment noise 

that a person experiences caused by the aircraft as the averaging includes the quiet periods (US 

DOL OSHA, 1999). Thus, the long term averaging reduces the overall intensity. Stated 

differently, long-term averaging naturally skews the data towards reduced dB levels and 

therefore does not provide the most accurate representation of the sound level data. There are 

alternative methods to measure noise and community impact aside from long-term averaging, 

which would show the realistic impact of military aircraft on the community.  

The Federal Aviation Administration (FAA) is another agency that regulates aircraft, 

although not military aircraft (Federal Aviation Administration, “What We Do”, 2018). For the 

purposes of this study much of the FAA guidelines were implemented, as it is the regulatory 

body for civilian aircraft. The measurement system had to meet specific FAA standards, which 

are listed in Table 1. The testing environment standards are listed in Table 2. The Larson Davis 

Model 831 Class 1 Sound Level Meter (SLM) met all of the FAA required standards. It was 

calibrated with the Larson Davis CAL200 using a 1000 Hz tone with the output level 94 dB. The 

SLM sampled at 1 Hz. Please note, the tables provided are not a comprehensive list of the FAA’s 

noise certification test and measurement conditions, which can be found in the FAA regulations 

(Title 14, Chapter I, Subchapter C, Part 36, Appendix A, 36.1). Although the measuring 

equipment standards were met, it should be noted that not all of the FAA testing conditions or 

the FAA’s measurement protocol for airplane noise received on the ground were adhered to due 

to study limitations. 
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The specific methods of measuring the environmental noise and the aircraft noise were 

the following: The SLM was calibrated prior to beginning each day of recording, but not 

between recordings on a given day. A foam microphone windscreen cover was used during each 

recording. When the SLM was recording, it was placed on a table propped approximately at a 

30° angle. A tripod was not used due to uneven flooring in the backyard and the risk of the SLM 

falling off the table when propped with the tripod. The conical space standard was not met as the 

observer was sitting near the SLM; therefore the observer’s physical mass was within the conical 

space of the microphone. Meteorological measurements were obtained at approximately 30-

minute intervals using the iPhone weather app. The sound level recordings had a duration of 30-

minutes ± 2 minutes. Measurements were obtained using slow time averaging, which is in 

accordance with the FAA guidelines (Electronic Code of Federal Regulations, 2018). An A-

weighted scale was used, as it approximates how sound is perceived by the human auditory 

system and thus how sounds can affect people (Federal Aviation Administration, 2018). The 

recorded data were then extracted using the Larson Davis Blaze® software. During the 

recordings, there was documentation of environmental sounds present and of the type the aircraft 

observed. The aircraft commonly flown from the DM-AFB are the A-10 Thunderbolt II, C-130 

Hercules, F-16 Fighting Falcon, and HH-60 Pavehawk helicopter (Davis-Monthan & 355th 

Wing Fact Sheet, 2018). Occasionally the F-35 Lightening II fighter jet has been reported to fly 

over Tucson (Schreiber, 2018).    

Noise is typically expressed as LAeq, which is an average level of a continuous sound 

over a given period of time using the A-weighted scale (U.S. Department of Labor Occupational 

Safety and Health Administration [US DOL OSHA], 1999). However, the FAA requires the 

results reported in Effective Perceived Noise level (EPNdB) rather than dB because the EPNdB 
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accounts for spectral irregularities and the duration of the noise, and evaluates the effects of 

airplane noise on human beings (Electronic Code of Federal Regulations, 2018). EPNdB is the 

unit used for commercial aircraft noise, as the FAA requires it, however this does not apply to 

military aircraft (Murta et al., 2015). The design of my study did not include the data necessary 

for calculating the EPNdB, such as the thrust cutback angle and the approach angle, as the 

dosimeter was the primary instrument used for data collection. Therefore intensity levels are 

expressed as dBA, which is the most common scale for noise studies and is accepted by the FAA 

(Electronic Code of Federal Regulations, 2018). When FAA standards could not be applied due 

to study limitations, EPA guidelines were implemented. Although the EPA is not the regulating 

agency for aircraft noise pollution and defers to the appropriate regulatory agency, it was 

determined that the EPA standards are an acceptable substitute due to the purpose of the EPA. 

The EPA is the only agency that considers community noise, and its mission is to addresses 

public health concerns and overall well-being. These two factors are not necessarily the primary 

focus of the DOD or the FAA. The FAA’s mission is to develop and carry out programs to 

control aircraft noise and other environmental effects of civil aviation (Federal Aviation 

Administration, “What We Do, 2018).   

FAA Equipment  Standard Met 
Windscreen  ✓ 
Microphone system  ✓ 
Recording and storage device ✓ 
1/3 octave band analysis system  ✓ 
Calibration system  ✓ 
Table 1: FAA equipment standards categories. There are specifics under each standard. 
For more details please refer to FAA regulations Title 14, Chapter I, Subchapter C, Part 
36, Appendix A (Electronic Code of Federal Regulations, 2018). The check indicates that 
a general category’s standards were met. 
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Test Environment 
Location for measuring aircraft noise in flight must be surrounded by relatively flat 
ground having no excessive sound absorption 
Obstructions that significantly influence the sound field from the airplane must exist 
within a conical space above the point on the ground vertically below the microphone.  
Atmospheric Conditions:  

• No precipitation present  
• Temperature must be between 14°F to 95°F 
• Humidity must be between 20% to 95% 
• Wind velocity is measured at 33 feet above ground  
• Average wind velocity cannot exceed 12 knots (13.8 mph) 
• Meteorological measurements must be contained within 30 minutes of each 

noise test measurement. 
Calibration  

• The level corresponding to the calibration sound pressure level must be within a 
designated range of the calibration level. It must be no more than -5 dB and no 
less than -30 dB of the reference level. For this study the range is 89 dB and 64 
dB as the reference level is 94 dB.  

• Difference between the acoustical sensitivity levels recorded immediately before 
and immediately after each test series on each day must be within ± 1.5 dB of the 
calibration.  

Table 2: FAA test environment. For more details please refer to FAA regulations Title 14, 
Chapter I, Subchapter C, Part 36, Appendix A (Electronic Code of Federal Regulations, 2018). 
 
Inclusion of Sound Level Meter Data  

This study could not recreate the DOD’s environmental noise analysis of the DF-AFB. 

The intent of this study was not to replicate the DOD’s analysis; rather the purpose was to use an 

alternative method to measure noise that reveals a more realistic impact of military aircraft on 

the community. For similar reasons, not all of the FAA’s testing conditions for measuring 

aircraft noise could be met. The FAA test environment factors that were documented are the 

following: calibration level, temperature, humidity, wind velocity, and the presence of 

precipitation. If three or more of the factors met FAA standards, the recording was included. 

Please see Appendix C for the list of included recordings. 

Comparing Sound Levels Between Neighborhoods  

Given that all recordings were performed within the flight path, a method was developed 

to compare community noise differences between residential areas within the flight path and 
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those that are not. A differentiating factor between these two communities would be the rate of 

disturbances caused by military aircraft. Neighborhoods that are out of the flight path should 

have reduced exposure to military aircraft noise. Therefore for the purposes of this study, it is 

assumed the number of disturbances is reduced although this may not be the reality for 

individuals living near the DM-AFB’s air territory boundary. This is then compared to the 

number of disturbances for residents within the flight path (see Appendix C).  

1/3-octave bands measures were extracted from the SLM recordings to determine 

intensity by frequency band within the frequency range of unpleasant sounds. This analysis was 

performed because the EPA found certain levels of environmental noise cause activity 

interference and annoyance to residents (US EPA, 1972). Although the EPA is not the regulating 

agency for military aircraft noise pollution, it is the only agency that considers community noise. 

Therefore it is critical to determine if the level of military aircraft noise exceeds the allowable 

criteria.  

 
DASS-21 Questionnaire  

The Depression Anxiety and Stress Scale (DASS-21) was disbursed to local 

neighborhood associations and homeowner associations via Google Survey to investigate the 

correlation between the sound levels to self-perceived stress and anxiety levels. The DASS-21 is 

a standardized self-reported measurement of depression, anxiety, and stress. This screening tool 

is a quick and easy way to measure emotional status, and to isolate and identify the presence of 

emotional disturbance (Lovibond & Lovibond, 1995). This is particularly significant as high 

levels of stress and anxiety can have adverse effects on health and well-being, and this 

questionnaire serves clinically as a screener for mental health disturbances (Beutel et al., 2016; 
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Lovibond & Lovibond, 1995). Since it is not a diagnostic tool, the questionnaire may be 

administered and scored by non-psychologists (Lovibond & Lovibond, 1995).  

The DASS-21 is the abbreviated version of the original DASS, consisting of 21 questions 

rather than the original 42 (Henry & Crawford, 2005). Despite the brevity, the shorter version 

maintains good reliability—the anxiety scale has a reliability score of .82, and the stress scale 

has a reliability score of .90 (Henry & Crawford, 2005). Furthermore, the three scales 

(depression, anxiety, and stress) can be measured independently without significantly affecting 

the overall score (Lovibond & Lovibond, 1995). For the purpose of this study, the depression 

scale was not included, as results for this emotional state are not relevant to the purpose of this 

study. The total number of questions without the depression scale is 14. The full version of the 

DASS-21 along with raw score data and percentiles are available in appendices D, F, and G. The 

raw score corresponds with a severity label that aids in the interpretation and referral process. 

These labels are not a diagnosis and cannot be used to label the mental health status of 

participants. In this study, the severity label was examined alongside the SLM recordings to 

determine if there was a relationship. In addition, the questionnaire was modified to include two 

questions that inquired about duration of the core symptoms of anxiety and stress (Appendix E). 

The scoring was adjusted to reflect the questions added. Lastly, the modified DASS-21 that was 

distributed via Google Survey included a short prompt for participants to elicit a focused 

response (Appendix E). 

 
Results and Discussion  

Comparing Sound Levels Between Neighborhoods Results 

To compare environmental noise generated by military aircraft between residential areas 

within the flight path and those that are not, the numbers of disturbances were calculated. It is 
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assumed neighborhoods out of the flight path do not have military aircraft as a frequent 

contributor to environmental noise; therefore the number of disturbances is assumed to be zero 

for comparison purposes for this study. This is compared to the number of disturbances 

community members living within the flight path experience (see Appendix C). Unsurprisingly, 

the results revealed there are a greater number of disturbances for the communities within the 

flight path. The average number of disturbances is 6.6 within the average recording period of 

about 30-minutes. Communities within the flight path have more military aircraft exposure and 

disturbances on a daily basis than communities out of the flight path. This data can be used to 

estimate the number of daily disturbances. The number of daytime hours is derived from the 

definition of the Day-Night average (LDN), which is the sound level measured over a 24-hour 

period, and has nighttime weighting (+10dB) for the recordings from 10 pm to 7 am (US DOL 

OSHA, 1999). 10 pm to 7 am is a nine-hour nighttime period, which leaves 15 hours for the 

daytime weighting. If there are 6.6 disturbances per half-hour over the course of 15 hours, there 

could be as many as 198 military aircraft disturbances per day. However, it should be noted that 

the recordings took place during the same time of day on the same day of the week, which means 

there could be variance in the number of disturbances depending on the day and the time of day.  

The 1/3 octave band levels show the average intensity of the averages of the recordings 

by frequency band for each recording. The results reveal that several of the recordings exceed the 

EPA suggested limit of 55 dBA at certain frequencies. By the EPA standards, this indicates that 

residents are likely experiencing activity interference and annoyance. To emphasize this, Figure 

2a and 2b reveal that the noise levels generated by the military aircraft are vastly different from 

the baseline community noise levels, and that the noise is intermittent and unpredictable.  
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Another way to explain the significant differences between the baseline community noise 

level and the intensity level generated by the military aircraft is to note that decibels are on a 

logarithmic scale to segment intensity into an equal interval continuum using smaller more 

manageable numbers (Chapman, 2000 & Hall, 1954). Therefore a difference of 10 dB between 

intensity levels is an increase of intensity by a factor of 10 (Hall, 1954). In the case of Figure 2a, 

the baseline community noise is between 48-60 dBA, whereas the arrow on the far left of the 

graph peaks at about 82 dBA. The difference between the EPA limit outdoors for residential 

areas (55 dBA) and the first military aircraft disturbance for Data Record 831.031 is a 27 dB 

difference. This is nearly a 30 dB difference, which indicates the noise generated by military 

aircraft in this moment of this particular data record is approximately 1,000 times greater than 

the EPA standard (Hall, 1954).   

Military aircraft flyovers are sudden events that have a greater sound intensity than the 

community’s baseline noise, which causes a disturbance in the environment that may result in 

increased stress and anxiety levels. This provides potential insight as to how residents might 

perceive the noise generated by military aircraft. It should be noted that the intensity levels 

generated by military aircraft are not likely to cause hearing loss, individual susceptibility 

notwithstanding. The focus of this study is to determine if the noise levels have the potential to 

affect the mental health status of residents living near the DM-AFB.  
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Figure 1: Spectra of the 1/3-octave frequency bands extracted from the recorded data. The black 
line represents the 55 dBA EPA limit outdoors in residential areas.  
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Figure 2a: An example of the intensity (LAeq) of military aircraft noise and baseline community 
over time. It also demonstrates the intermittence and unpredictability of the military aircraft 
activity. The arrows indicate when military aircraft flew overhead. The black line represents the 55 
dBA EPA limit outdoors in residential areas.	
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Figure 2b: Another example of the intensity (LAeq) of military aircraft noise and baseline 
community over time using a different sound level recording. It also demonstrates the 
intermittence and unpredictability of the military aircraft activity. The arrows indicate when 
military aircraft flew overhead.  
 
Questionnaire Results  
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normative data with the exception of Table 3. Table 3 shows the impact the added questions 

regarding duration had on the severity label. Figures 3a and 3b provide a graphic view of Table 
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a “normal” stress label without the added duration questions, the results likely remained within 

the “normal” label when the added questions were included in the scoring. There are a few cases 

when the added questions changed the severity label, and in these few cases the questions 

increased the severity label.  
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The results of the questionnaire reveal most participants, regardless of flight path status, 

are within the normal severity label for anxiety and stress. The data also shows a greater 

percentage of people who live within the flight path indicate higher levels of stress and anxiety 

compared to the participant who is not (Figure 4a and 4b). Though the majority of the 

participants living in the flight path scored in the “normal” range, 18% of them reported stress 

and anxiety severity labels greater than normal. In the clinical setting, these individuals may be 

referred for additional assessment (Lovibond & Lovibond, 1995). Interestingly, the small number 

of people (18%) in this one area are reporting signs of anxiety that is higher than the national 

average, which is 4-6% (Portman, 2009). However, without additional data, the results obtained 

cannot definitively be attributed to military aircraft noise. Further research regarding the 

demographics of the participants and other variables that might contribute to the self-reported 

stress and anxiety levels are necessary to determine the effect size of military aircraft noise 

exposure on the results. 

While the majority of participants appear unaffected by military aircraft noise, the 

potential impact of noise on mental health cannot be disregarded, as the literature supports 

environmental noise exposure can reduce quality of life and well-being (Environmental Noise 

Guidelines for the European Region, 2018; Goines & Hagler, 2007, Héroux &Verbeek, 2018). 

Furthermore, at risk populations must be considered as well because vulnerable health status can 

make this particular population more prone to the negative effects associated with noise exposure 

(Bkörk, Ardö, Stroh, Lövkvist, Östergren, & Albin, 2006). The at risk population are women 

receiving treatment for hypertension, individuals who are unemployed or experiencing financial 

insecurity, immigrants experiencing sleep disturbances, people with multiple health concerns, 

people in hospitals or rehabilitation, children, and the elderly (Bkörk, Ardö, Stroh, Lövkvist, 
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Östergren, & Albin, 2006; Goines & Hagler, 2007). This population needs to be considered as 

they may have a greater possibility of experiencing negative effects on mental health due to more 

exposure to military aircraft noise. To summarize, the at risk population pertains to the 

vulnerability of these individuals’ mental health status, not their hearing status, as the 

environmental noise exposure may be triggering or influencing stress and anxiety levels along 

with the presence of the previously listed life stressors. However at this point it is unclear which 

factor is causing the increase of stress and anxiety—the environmental noise or the other life 

stressors. What is known is that there is some relationship between the two that makes this 

population more vulnerable to experiencing a change in mental health status.  

 

  Modified Stress Label  Original Stress Label Modified 
Anxiety Level  

Original Anxiety 
Label 

Normal  23 24 23 24 
Mild  1 0 1 0 
Moderate  0 0 2 2 
Severe  3 4 0 1 
Extremely 
Severe 2 1 3 2 

Total  29 29 29 29 
Table 3: A table that shows how the added questions altered the distribution of the severity 
labels for the stress and anxiety scales. Therefore each subject has two responses for each scale. 
A grey filling indicates a category increase from the original.  
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Figure 3a: The difference of the distribution of the severity labels for the stress scale between 
the modified DASS-21 and the original DASS-21.  
 

 
Figure 3b: The difference of the distribution of the severity labels for the anxiety scale between 
the modified DASS-21 and the original DASS-21.  
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Figure 4a: The percentage of the various anxiety severity labels for participants in and out of the 
flight path.  
 

 
Figure 4b: The percentage of the various stress severity labels for participants in and out of the 
flight path. 
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Relationship Between the Sound Levels and the Questionnaire 

The purpose of this study is to determine if the sound level recordings within the flight 

path correlate with self-perceived stress and anxiety levels. The SLM and the DASS-21 data 

suggests that the number of daily disturbances does not seem to affect the majority of 

participants as most self-reported normal stress (79%) and anxiety levels (79%) (See Figures 4a 

and 4b). The sound level meter data does show there are a greater number of environmental 

noise disturbances the in the flight path group than those living out of the flight path (see 

Appendix C) all of which at some point reach over 55 dBA (Figure 1). Recall 55 dBA is the 

intensity level limit, as the EPA has determined higher intensity noise causes activity 

interference and annoyance to residents (US EPA, 1972). Eighteen percent of participants living 

within the flight path reported stress and anxiety levels greater than “normal”. This indicates 

18% of participants are experiencing mental health disturbances, which are not necessarily 

caused by military aircraft. This suggests that community members within the flight path are 

more likely to report emotional disturbances, and while it is not clear if military aircraft are 

causing the increase of stress and anxiety, research has made the connection between reduced 

quality of life and well-being to environmental noise exposure (Environmental Noise Guidelines 

for the European Region, 2018; Goines & Hagler, 2007, Héroux &Verbeek, 2018). It would it be 

erroneous to assume that military aircraft noise is not potentially contributing to the results 

obtained in this study.  

At-risk populations need to be considered as they have a greater likelihood of 

experiencing negative effects on mental health due to noise exposure. People considered within 

at-risk populations are people who have significant life stressors and health concerns, or are in a 
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fragile period in their life course (e.g.: children and the elderly) (Bkörk, Ardö, Stroh, Lövkvist, 

Östergren, & Albin, 2006; Goines & Hagler, 2007).  

 
 
Conclusion 

The results suggest that military aircraft generate noise disturbances that occur multiple 

times and at levels that may impact the mental health of community members. There are 

significant differences between neighborhoods in and out of the flight path in terms of the 

number of military aircraft disturbances. Considering the intensity level of the disturbances 

reached 55 dBA or more, by the EPA standards these disturbances are causing activity 

interference and annoyance for residents living in this area (US EPA, 1972). This differs from 

the Department of Defense’s environmental analysis that involved long time averages and a 

computer based estimate of sound levels, which found the DM-AFB is not causing high levels of 

noise within the community that would lead to interference of community member’s activities 

(US DOD, 2015). It is important to note the methods used in each study are dramatically 

different. However this was intended in order to provide an alternative method to measure noise 

and community impact to provide a realistic understanding of military aircrafts’ effect on the 

community. 

The results reveal 18% of the participants who live within the flight path of the DM-AFB 

reported higher severity levels of stress and anxiety. It is possible that the people are reporting 

higher severity levels because they are considered at risk and more likely to be negatively 

affected by noise exposure (Bkörk, Ardö, Stroh, Lövkvist, Östergren, & Albin, 2006; Goines & 

Hagler, 2007). Regardless, if these individuals are considered at-risk or not, this study reveals 

18% of the participants self-reported anxiety and stress levels higher than normal, and it is 
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known that noise exposure has a negative effect on well-being, quality of life, and mental health 

(Environmental Noise Guidelines for the European Region, 2018; Goines & Hagler, 2007, 

Héroux & Verbeek, 2018). Given the various non-auditory health effects associated with noise 

exposure and the increasing percentage of residents exposed to military aircraft noise, changes to 

policies and noise abatement strategies have the potential to benefit the public’s health. The 

results support the necessity of incorporating EPA guidelines into public health policies and the 

DOD’s training protocol and noise abatement strategies, as the purpose of the EPA is to protect 

the well-being of people. 

Additional data is needed to expand upon the preliminary findings of this study. In order 

to obtain more accurate sound level measurements, future studies should collaborate with the 

DM-AFB to obtain data regarding the approach angle, the flight path trajectory, and the thrust, 

which will allow the calculation of the EPNdB. The modifications to the DASS-21 revealed 

there is a need for a noise and stress assessment scale to better evaluate the impact it has on 

individuals and their mental health, which would be beneficial for the fields of public health and 

audiology. In addition, a balanced ratio between groups, in and out of the flight path, would 

provide a better comparison to evaluate the perceived effect of noise caused by military aircraft. 

Similarly, the distance or proximity to the boundaries of the air territory should be investigated 

as individuals living near the air territory’s boundaries may also be affected by the noise.  
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Appendices 
 

Appendix A: The territory of the base was superimposed on to the map of Tucson. 

 
 
Appendix B: zip-codes within the flight path  

Zip codes within the flight path 
85705 85715 
85706 85716 
85707 85718 
85708 85719 
85710 85730 
85711 85744 
85712 85747 
85713 85748 



	 30 

Appendix C: Average frequency of disturbances caused by the military aircraft:  

Data Record* 
Duration of Recording 

(h:m:s) Number of Disturbances 
831.010 0:27:08 6 
831.011 0:30:02 7 
831.012 0:28:13 6 
831.013 0:29:21 10 
831.014 0:13:04 2 
831.026 0:30:03 2 
831.027 0:30:00 6 
831.028 0:31:19 10 
831.031 0:30:01 2 
831.034 0:30:00 15 

Total 04:39:11 66 
Average 0:27:09 6.6 

Estimated Daily Disturbances 15 daytime hours** 198 
*The sound level meters data that met the inclusion criteria.		

**The number of daytime hours is derived from the definition of the Day-Night average (LDN), 

which is the sound level measured over a 24 period, and has nighttime weighting (+10dB) for the 

recordings from 10 pm to 7 am (US DOL OSHA, 1999). 10 pm to 7 am is a nine-hour nighttime 

period, which leaves 15 hours for the daytime weighting. Therefore, 15 hours have 30 30-minute 

segments. If there are 6.6 disturbances per half-hour over the course of 15 hours, there could be 

up to 198 military aircraft disturbances.  
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Appendix D: The original DASS-21 with the depression, anxiety, and stress scales without 
modifications (Lovibond & Lovibond, 1995). 
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Appendix E: The DASS-21 without the depression scales and with modifications.  
DAS S 21 	
University of Arizona -Consent to Participate in Research 
 
You are being asked to participate in a research study. Your participation in this research study is 
voluntary and you do not have to participate. We are interested in your responses to the survey 
questions below. Once you have completed the survey, your participation is complete. We will not 
be gathering any personal or identifiable information about you. Your response sheet will not contain 
your name, email, or address. The email used to sign into the survey cannot be viewed and will not 
be sought out. We will record your zip code, but that is all. Your response sheet will be numbered, 
but there will not be a name or email associated with the number as we will not be collecting that 
information. If you choose to participate, you do not have to sign anything. 
 
If you do not wish to complete the survey, simply exit out of the questionnaire. Continuing and 
completing the attached survey will serve as your consent to participate.  
 
Thank you!	

Instructions 

Consider aircraft that have flown over your home over the past week. Please read each statement 
and select a response that indicates how much each statement applied to you over the past week. 
There are no right or wrong answers. Do not spend too much time on any statement. 

The rating scale is as follows: 

0  Did not apply to me at all 
1  Applied to me to some degree, or some of the time 
2  Applied to me to a considerable degree, or a good part of time 
3  Applied to me very much, or most of the time 
I found it hard to wind down                                                                                           0     1      2      3 
I was aware of dryness of my mouth                                                                             0     1      2      3 
I experienced breathing difficulty (e.g.: excessively rapid breathing,                             0     1     2      3 
breathlessness in the absence of physical exertion) 
I tended to over-react to situation                                                                                  0     1      2      3 
I experienced trembling (e.g.: in the hands)                                                                  0     1      2      3 
I felt that I was using a lot of nervous energy                                                                0     1      2      3 
I was worried about situations in which I might panic and thus                                     0     1      2      3 
make a food of myself 
I found myself getting agitated                                                                                       0     1      2      3 
I found it difficult to relax                                                                                                0     1      2      3 
I was intolerant of anything that kept me from getting on with what I was doing           0     1      2      3 
I felt I was close to panic                                                                                                0     1      2     3 
I felt that I Was rather touchy                                                                                         0     1      2      3 
I was aware of the action of my heart in the absence of physical exertion                    0     1      2      3 
(e.g.: sense of heart rate increase, heart missing a beat)  
I felt scared without any good reason                                                                            0     1      2      3 
I quickly became tense                                                                                                  0     1      2      3 
I continued to feel uneasy                                                                                              0     1      2      3 
 
Zipcode:   
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Appendix F: The raw scores and severity label for the DASS-21 (Lovibond & Lovibond, 1995).  
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Appendix G: The raw score and corresponding percentile for the DASS-21 (Henry & Crawford, 
2005). 
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