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Executive Summary
Background: The U.S. Geological Survey is working 

with Federal land management agencies to develop a series 
of science synthesis reports. These reports synthesize science 
information to support environmental effects analyses 
that agencies perform in accordance with the National 
Environmental Policy Act (NEPA). This report focuses spe-
cifically on the effects of noise from oil and gas development 
on North American raptors, songbirds, and other small avian 
species (fig. 1).

How this report can inform a NEPA analysis: We 
organized the sections of this report to align with standard 
elements of NEPA environmental effects analyses. The report 
synthesizes science information relevant to characterizing a 
proposed action and alternatives (section 1), characterizing 
the affected environment (section 2), identifying issues for 
analysis and potential environmental effects for each issue 
(sections 3 and 4), and mitigating potential adverse effects of 
the proposed action (section 5).

Noise produced by oil and gas development: 
Identifying the duration and extent of noise across the 
landscape is critical to understanding potential effects of 
proposed oil and gas activities on the landscape. Oil and gas 
development is a common source of human-caused noise 
on public lands. Human-caused noise in oil and gas fields 
comes from diverse sources such as heavy construction and 
drilling machinery, hydraulic fracturing, long-term production 
machinery, truck traffic, aircraft, and human activity. Noise 
from heavy equipment, machinery, trucks, and aircraft 

is generally intense across a broad spectrum of audible 
frequencies. Some types of infrastructure (for example, 
compressor stations that aid in transportation of natural gas) 
can produce sound 24 hours per day through the course of 
several years of production.

The perceived loudness of noise for an animal depends 
on existing ambient sound levels in the environment and 
the animal’s hearing sensitivity, which can vary by species 
and individual. For example, human development, weather 
such as wind or rain, and surface water, such as rivers, can 
elevate background sound levels. In addition, background 
sound levels may vary by season because changes in humidity 
and ground cover, including snow cover, can affect sound 
propagation. A decrease in background sound level would 
result in an increase in an animal’s perceived loudness of 
noise. Undeveloped landscapes can be extremely quiet, which 
allows an animal to hear a noise farther away from the source 
than in areas near cities, roads, or rivers. Common techniques 
for measuring the existing acoustic environment and 
estimating the acoustic environment without human-caused 
noises include field data collection using a sound level meter 
or inference from previously measured or published data.

Effects of noise from oil and gas development 
on raptors and songbirds: Research has found that 
human-caused noise can affect wildlife health and behavior. 
Noise has varied and largely negative effects at individual, 
population, and community levels across wildlife taxa, which 
highlights the potential for local and cross-species variation 
in noise effects. Few studies have focused on the effects of 
human-caused noise from oil and gas development on raptors, 
and those studies primarily focused on owls because they 
rely on hearing for hunting. Some studies in oil and gas fields 
have shown that noise did not affect owl occupancy or space 
use. However, other studies have documented that noise can 
impede owl hunting abilities, increase stress, and decrease 
reproductive success. In songbirds and other small avian 
species, several studies have documented effects of noise from 
oil and gas development on behavior, occupancy, community 
composition, distributions, and reproductive success—an 
indicator of fitness. Whether individuals are affected by noise 
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from oil and gas development can vary by species and habitat 
system and is often dependent on the degree to which a 
species is able to adjust its calls to counteract the masking 
effects of the noise. Many studies also explored the combined 
effects of oil and gas infrastructure and noise on songbirds.

Mitigating the effects of noise from oil and gas 
development on raptors and songbirds: Techniques 
suggested in the scientific literature for reducing noise 
emissions or negative effects of noise emissions on birds 
include sound barriers, seasonal and daily timing restrictions, 
traffic control, and spatial considerations during project design. 
Siting infrastructure and wells to take advantage of natural 
sound barriers and reduce the footprint of road networks can 
be an effective tool for noise reduction. Noise mitigation 
approaches can have varying levels of effectiveness depending 
on design and life history traits of the target species.

Conclusion: This science synthesis can facilitate the use 
of science information in public lands decisions about oil and 
gas development. This report can be incorporated by reference 
in NEPA documents, cited as supplemental information, or 
used as a general reference for identifying literature or gaps 
in the available science about the effects of noise from oil 
and gas development on raptors, songbirds, and other small 
avian species.

Methods for developing this synthesis: Rutherford 
and others (2023) introduced a methodology for developing 
science syntheses to inform analyses conducted under the 
NEPA. Relevant introductory and methods text from that 
report is reproduced herein. This and other science syntheses 
build on the foundation and methodology developed in 
Rutherford and others (2023) and apply it to new topics of 
management concern on public lands in the Western United 
States. In addition, the content of this report overlaps the 
content of Rutherford and others (2023). Much of this report’s 
content not specific to raptors and songbirds is reproduced 
from Rutherford and others (2023) and includes updates and 
refinements as appropriate.

We used a structured search of recent scientific literature, 
supplemented by snowballing, to find published science 
about noise levels produced during oil and gas development, 
methods for analyzing sound propagation, the effects of noise 
on raptors and songbirds, and techniques to reduce noise 
emissions and their effects on raptors and songbirds. This 
report was coproduced by staff from the Bureau of Land 
Management, the U.S. Fish and Wildlife Service, and the U.S. 
Geological Survey.

Figure 1.  Summary of the information contained in this report by section. From left to right, illustration by Tracey Saxby, Integration 
and Application Network, licensed under a Creative Commons Attribution 4.0 ShareAlike License, https://ian.umces.edu/media-library/
noise/; Image by Tracey Saxby, Integration and Application Network, licensed under a Creative Commons Attribution 4.0 ShareAlike 
License, https://ian.umces.edu/media-library/petroleum-industry-oil-rig/; Image by Lance McNew, U.S. Geological Survey, public 
domain, https://www.usgs.gov/media/images/acoustic-recording-device-seward-peninsula-tundra-Alaska; Image by Dylan Taillie, 
Integration and Application Network, licensed under a Creative Commons Attribution 4.0 ShareAlike License, https://ian.umces.edu/
media-library/bouteloua-curtipendula-sideoats-grama/; Image by Tait Rutherford, U.S. Geological Survey; Image by Kim Kraeer and 
Lucy Van Essen-Fishman, Integration and Application Network, licensed under a Creative Commons Attribution 4.0 ShareAlike License, 
https://ian.umces.edu/media-library/strix-occidentalis-spotted-owl/; Image created by Kim Kraeer and Lucy Van Essen-Fishman, 
Integration and Application Network, licensed under a Creative Commons Attribution 4.0 ShareAlike License, https://ian.umces.edu/
media-library/passerculus-sandwichensis-savannah-sparrow/; Photograph by Tait Rutherford, U.S. Geological Survey. NEPA, National 
Environmental Policy Act.

Sound basics: 
Many factors 
affect how sound 
is measured and 
perceived, including 
characteristics 
of the noise, the 
existing acoustic 
environment, and 
animals’ hearing 
abilities.

Noise from oil and 
gas development: 
Aspects of proposed 
developments that 
emit noise, including 
compressor stations, 
trucks, drill rigs, and 
other machinery, 
create noise with 
variable temporal and 
spatial characteristics.

Acoustic baseline: 
There are several 
techniques 
for measuring 
or estimating 
the acoustic 
environment. In 
undeveloped areas, 
background sound 
levels can be 
extremely quiet.

Analysis 
methods: There 
are several 
options for 
modeling the 
spread of noise 
on a landscape, 
including 
existing 
geospatial 
tools.

Effects on 
raptors: 
Literature 
shows 
that many 
owls hunt 
aurally, and 
that noise 
can affect 
owl hunting 
success.

Effects on songbirds: 
Literature shows that effects 
of noise depend on the 
extent to which songbirds 
use vocal communication for 
mating, predator detection, 
and spatial orientation. 
Songbirds can experience 
behavioral changes and 
decreased fitness in noisy 
areas.

Mitigation: Approaches 
to mitigating noise 
vary in effectiveness 
and cost and include 
natural noise barriers, 
noise walls and baffles, 
seasonal and daily 
restrictions on activity, 
noise emissions 
thresholds, and traffic 
control.

SECTION 1 SECTION 2 SECTION 3 SECTION 4 SECTION 5

Information relevant to NEPA analyses

https://ian.umces.edu/media-library/noise/
https://ian.umces.edu/media-library/noise/
https://ian.umces.edu/media-library/petroleum-industry-oil-rig/
https://www.usgs.gov/media/images/acoustic-recording-device-seward-peninsula-tundra-Alaska
https://ian.umces.edu/media-library/bouteloua-curtipendula-sideoats-grama/
https://ian.umces.edu/media-library/bouteloua-curtipendula-sideoats-grama/
https://ian.umces.edu/media-library/strix-occidentalis-spotted-owl/
https://ian.umces.edu/media-library/passerculus-sandwichensis-savannah-sparrow/
https://ian.umces.edu/media-library/passerculus-sandwichensis-savannah-sparrow/
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Purpose of This Report
Federal land management agencies permit and plan for 

many uses and activities on public lands across the United 
States. Per the National Environmental Policy Act of 1969 
(NEPA; 42 U.S.C. 4321 et seq.), Federal agencies must 
analyze and disclose potential environmental effects of major 
Federal actions that may significantly affect the quality of the 
human environment. Regulations for implementing the NEPA 
require “the integrated use of the natural and social sciences” 
in agency planning and decision making (40 CFR § 1501.2). 
Science is foundational to understanding how proposed 
Federal actions may affect natural resources, ecosystems, and 
human communities.

The purpose of this report is to synthesize science 
information relevant to environmental effects analyses for 
proposed oil and gas development activities on public lands. 
Science syntheses can be useful mechanisms for sharing 
science information with public land managers to inform their 
decisions (Seavy and Howell, 2010; Ryan and others, 2018). 
Science syntheses integrate knowledge and research findings 
to increase the generality, applicability, and accessibility of 
that information (Wyborn and others, 2018).

This report focuses specifically on the effects of noise from 
various aspects of onshore oil and gas development on North 
American raptors, songbirds, and other small avian species 
and identifies methods for characterizing noise and analyzing 
and mitigating its effects. Human-caused noise is widespread 
on public lands across the United States, and oil and gas 

development is a common source of that noise (Buxton and 
others, 2017). A substantial and growing body of research shows 
that human-caused noise can negatively affect wildlife health, 
behavior, population status, and fitness (Francis, 2015; Shannon 
and others, 2016; Dominoni and others, 2020; Sordello and 
others, 2020; Francis and others, 2023). Noise has been shown 
to have molecular-, physiological-, behavioral-, population-, 
and community-level effects across wildlife taxa (Kight and 
Swaddle, 2011), highlighting the importance of understanding 
the effects of noise on specific taxa and species (Blickley and 
Patricelli, 2010).

How to Use This Report
The content, structure, and section numbering of this 

report are designed to support NEPA analyses, and they 
reflect the steps of project planning and environmental 
effects analysis (table 1). This report is meant to be a general 
reference for considering and applying science information 
and could be used, for example, as follows:

•	 incorporated by reference in NEPA documents or to 
directly provide language for use in NEPA documents,

•	 included as supplemental information to a NEPA 
document, or

•	 used as a resource to gather literature and identify 
gaps in available science related to the management 
decision and context.

Table 1.  How the information in this report can inform steps in project planning and National Environmental Policy Act (NEPA) analysis.

[Table modified from Rutherford and others (2023). Information about NEPA analysis is available in the Council on Environmental Quality NEPA regulations at 
40 CFR 1500 et seq. and in department- and agency-specific policy and guidance]

Steps in project planning and 
NEPA analysis Relevant information in this report Report section

Describe aspects of the 
proposed action and 
alternatives

Data and science about noise generated by seismic exploration, construction, well 
development, production, and traffic. The synthesis also includes information 
about methods for measuring or estimating noise produced by these activities.

“1. Characterizing Noise Caused by Oil 
and Gas Development”

Identify issues for analysis Science about how noise from oil and gas development can affect raptors 
and songbirds, which could be used to identify issues that warrant detailed 
analysis in the decision-making process.

“4. Potential Effects of Noise from Oil 
and Gas Development on Raptors and 
Songbirds”

Describe the affected 
environment

Information intended to support measurement or estimation of the existing 
acoustic environment and the acoustic environment without human-caused 
sounds in a project area, which may inform description of the affected 
environment and provide baselines for the direct, indirect, and cumulative 
effects analyses.

“2. Characterizing the Acoustic 
Environment”

Estimate the environmental 
consequences

Science about how noise from oil and gas development can affect raptors 
and songbirds, which may inform estimation of the direct, indirect, and 
cumulative effects of noise from a proposed action and alternatives. This 
report also describes methods for site-specific analysis of noise from oil and 
gas development.

“3. Methods for Predicting Noise 
Occurrence on the Landscape” and 
“4. Potential Effects of Noise from Oil 
and Gas Development on Raptors and 
Songbirds”

Identify and refine project 
design features and 
mitigation measures

Information to help identify techniques to avoid, minimize, or mitigate potential 
adverse effects of noise from proposed oil and gas development on raptors 
and songbirds.

“5. Mitigating the Effects of Noise from 
Oil and Gas Development on Raptors 
and Songbirds”
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When incorporating by reference, drawing language, 
or citing information from this report, use the Maxwell and 
others (2024) suggested citation on page ii of this report.

To demonstrate a possible application of this report to 
a NEPA analysis, we developed a flowchart that illustrates 
generic methods for analyzing the potential effects of oil and 
gas development on raptors and songbirds and where to find 
the corresponding information in this report (fig. 2). Although 
the information in this report generally is organized stepwise as 
shown in the flowchart, the science synthesized in each section 

may inform multiple components of an analysis. In addition, 
the information can be applied iteratively, in a different order 
than the order presented in this report, or to aspects of project 
planning outside of the environmental effects analysis.

This report provides additional content that may be 
helpful for further exploring the topics discussed in the 
science synthesis. We describe in detail the methods used to 
conduct the literature search, including search terms, databases 
searched, and dates of the search. We also provide a glossary 
of technical terms, and all glossary terms appear in bold at 

Outputs (either methods option):
Estimated current background sound levels

Estimated background sound levels without human-caused 
noise sources

Estimate the amount of noise generated by the proposed action and alternatives

Estimate the background sound levels in the project area

Estimate the footprint of the area affected by noise from the proposed action and alternatives 

Based on the habitat in which noise would occur, infer biological effects on birds

Refer to: 
Section 1

Refer to: 
Section 2

Refer to: 
Section 3

Refer to:
Section 4

Methods:
Identify noise sources or types of noise potentially causing 
an adverse effect and the location where the effect would occur
Estimate noise levels at which the effect would not occur 

Outputs:
Estimated need for noise reduction, if any, which can inform
selection of appropriate, feasible mitigation measures 

Identify potential approaches to mitigation to reduce noise levels or reduce the effects of noise on birds 

Refer to: 
Section 5

Methods:
Option 1: Estimate from published oil and gas development or 
road noise data
Option 2: Measure noise levels in the field from comparable oil 
and gas wells or roads

Methods:
Option 1: Estimate from published data about background sound 
levels (for example, National Park Service, 2015)
Option 2: Measure sound levels in the field at the proposed 
project site

Methods:
Option 1: When a simple estimate of the maximum area affected 
by the potential noise sources is needed, use basic equations 
for spherical sound spread
Option 2: When more precise estimates are needed, use a 
model that also accounts for atmospheric, topographic, and 
land cover factors

Methods:
Infer potential effects to movement, habitat use, behavior, and 
other indicators, based on the results of past studies 
documented in the literature

Outputs:
Estimated effects of noise from proposed oil and gas 
development on birds 

Outputs:
Option 1: Uniform buffers (for example, a circle for a point 
source) for predicted maximum distance at which noise would 
exceed x dB
Option 2: Noise level contours for the predicted area in which 
noise would exceed x dB, which show how atmosphere, terrain, 
and vegetation would impede the spread of noise 

Outputs (either methods option):
Estimated sound level at a specified distance from the proposed 
well or road
Estimated temporal variation of the noise emissions (daily and 
seasonal) 

Figure 2.  An example of potential methods in an analysis of the effects of noise from oil and gas development on raptors and 
songbirds with references to the sections of this report that synthesize science information relevant to each methods step. These 
steps could be iterative and revisiting steps or conducting preliminary analyses may be necessary. Modified from Rutherford and 
others (2023). dB, decibels.
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first mention in the report. Appendixes 1 and 2 contain detailed 
compilations of quantitative study results about the effects of 
noise from oil and gas development on raptors and songbirds. 
The appendixes provide a reference for finding relevant studies 
and results by species or habitat community. 

Caveats to Use of This Report

This report is a science synthesis rather than a comprehen-
sive literature review. In addition, this report does not provide 
all information necessary to complete a full environmental 
effects analysis or make conclusions regarding the significance 
of environmental effects. Resource planners and managers may 
need to supplement the information contained in this synthesis 
with local information. Information about specific design ele-
ments of the proposed project, local landscape conditions, and 
potential environmental effects from factors other than noise 
can complement the information contained in this synthesis.

This report focuses on data about noise and does not 
provide information about how to obtain wildlife data. 
Information and data about the distribution and status of local 
bird populations are crucial to understanding what species, how 
many individuals, and how much habitat may be affected by 
noise from proposed oil and gas development. In addition, this 
report focuses on onshore oil and gas development and does 
not address the effects of offshore oil and gas development on 
raptors and songbirds. Although the content of this report is 
focused on noise from onshore oil and gas development, we 
note that this report may be useful for other types of actions on 
public lands. Many actions that occur on public lands involve 
machinery, traffic, and human activity and may produce noise 
like the noise associated with oil and gas development activities. 
However, because of the specificity of the science synthesized 
in this report, we urge caution when generalizing its content to 
other types of actions.

Science Synthesis—Effects of Noise 
From Oil and Gas Development on 
Raptors and Songbirds

The following numbered sections are the science 
synthesis content of this report. The science synthesis sections 
are numbered to reflect their potential stepwise nature, as 
shown in figure 2, and facilitate internal referencing among 
sections. Much of this synthesis overlaps the content of 
Rutherford and others (2023), which addressed the effects 
of noise from oil and gas development on ungulates and 
small mammals. In particular, section “1. Characterizing 
Noise Caused by Oil and Gas Development,” section “2. 
Characterizing the Acoustic Environment,” section “3. 
Methods for Predicting Noise Occurrence on the Landscape,” 
and section “5. Mitigating the Effects of Noise from Oil and 
Gas Development on Raptors and Songbirds” largely address 

the same body of science as the corresponding sections of 
Rutherford and others (2023). Much of the content of this 
report is reproduced from Rutherford and others (2023) and 
includes updates and refinements as appropriate.

1. Characterizing Noise Caused by Oil and Gas 
Development

1.1. Sound Basics
Sound consists of vibrations occurring in a medium, such 

as air or water. Noise is an undesired sound. Sound data are 
generally reported using several standard metrics. Two common 
metrics for characterizing sound are sound level, also referred to 
as “intensity,” and sound frequency. For a particular receiver, 
such as an animal, changes in sound level within the receiver’s 
hearing capabilities are perceived as changes in loudness, and 
changes in frequency within the receiver’s hearing capabilities 
are perceived as changes in pitch. We describe sound level 
and frequency in more detail in the following sections, 
“1.1.1 Sound Level” and “1.1.2 Sound Frequency,” and we use 
these two metrics throughout this report to characterize sound.

1.1.1. Sound Level
Sound level is the intensity or amplitude of a sound 

and is commonly measured as either sound pressure or 
sound power.

•	 Sound pressure (the most common metric for inten-
sity in the literature cited in this report) is a measure 
of change in pressure caused by sound waves. Sound 
waves attenuate with distance from a sound source. 
Therefore, sound pressure varies based on the spatial 
relation between a sound source and a sound receiver. 
Sound pressure level is measured and reported as 
the sound pressure at the location of a receiver. Sound 
pressure at a receiver varies through time as sound 
sources move or change. As a result, when report-
ing sound pressure levels, different statistics can be 
used to characterize different aspects of the acoustic 
environment through time at the receiver. Sound pres-
sure level (L) statistics include the maximum sound 
pressure level (Lmax), minimum sound pressure level 
(Lmin), and logarithmic average of the sound pressure 
level (also known as the equivalent sound level [Leq]), 
during the timeframe of interest. In addition, studies 
often report the exceedance percentile (Lx), or the 
sound pressure level that was exceeded x percent of the 
timeframe of interest (Ambrose and Florian, 2014).

•	 Sound power (a less common metric for intensity in the 
literature cited in this report) is a measure of the sound 
energy produced by a sound source per unit of time. 
Sound power is fixed per sound source and unrelated to 
the position of a sound receiver.
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The unit of measure for sound power level and sound 
pressure level is the decibel (dB; Houser and others, 2017).

The ability to perceive sound varies based on acoustic 
context and an animal’s particular hearing capabilities. 
Acoustic context affects the perceived loudness of a sound 
because loud existing sounds can mask a new sound of a 
similar or lower sound level, meaning the existing sounds 
raise the sound level threshold at which the new sound would 
be heard. In other words, an animal would generally perceive 
a specific sound level as louder in quiet environments and 
quieter in loud environments. For example, a whisper that 
sounds quiet inside a noisy building would be perceived as 
much louder in an undeveloped desert on a calm night. In 

addition, an animal’s ability to hear a sound that is greater 
than background sound levels and the perceived loudness of 
that sound (if they can hear it) varies among species because 
of evolved anatomic differences that limit species' hearing 
capabilities by frequency (Dooling, 1992; Heffner and others, 
2001; Houser and others, 2017).

To help represent variations in sound perception, sound 
pressure level is often decibel weighted according to acoustic 
contexts and receiver capabilities (Houser and others, 2017). 
Weighting functions are mathematical equations that transform 
sound pressure level measurements to account for differences 
in auditory sensitivity among species or acoustic contexts 
(fig. 3; Houser and others, 2017). For example, one of the 

Figure 3.  Difference between weighted and unweighted metrics for sound level (decibels [dB]) across frequencies 
10–20,000 hertz (Hz). A-weighted decibels represent general perceived loudness of a sound to average human hearing. C-weighted 
decibels favor lower frequencies and are often used to represent perceived loudness to human hearing in industrial contexts that 
have typically high sound levels. Z-weighted decibels are equivalent to unweighted decibels from 10 to 20,000 Hz. Data from “American 
National Standards Institute/Acoustical Society of America S1.4-2014/Part 1/International Electrotechnical Commission 61672-1:2013” 
(Acoustical Society of America, 2014). Reproduced from Rutherford and others (2023).
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most common weighting functions to represent perceived 
loudness of sounds to average human hearing is A-weighting, 
which is measured in A-weighted decibels (dBA; Houser and 
others, 2017). For reference, a soft whisper is approximately 
30 dBA when measured 1–5 meters (m) from the whisperer, 
and a chainsaw cutting wood at full throttle is greater than 
110 dBA when measured less than 1 m from the chainsaw 
(refer to table 2 for additional examples; Berger and others, 
2016). Sound measurements can also be weighted for other 
species with known hearing sensitivities (Pater and others, 
2009; Houser and others, 2017). For example, weighting 
functions were developed for Strix occidentalis lucida 
(Mexican spotted owl; Delaney and others, 1999), Megascops 
asio (eastern screech owl; Brittan-Powell and others, 2005), 
and Leuconotopicus borealis (red-cockaded woodpecker; 
Delaney and others, 2011). Another standard weighting system 
developed for industrial contexts is C-weighted decibels (dBC). 
C-weighting favors lower frequencies to better represent 
human sensitivities to high sound pressure levels and is often 
used to measure sound from industrial sources and peak sound 
levels (Houser and others, 2017). Unweighted sound levels are 
sometimes reported as Z-weighted (dBZ), which is equivalent 
to unweighted dB between 10 and 20,000 hertz (Hz; Houser 
and others, 2017), or flat frequency response (dBF), for which 
the frequency range is undefined (Blickley and Patricelli, 
2013). Conversion of sound measurements between decibel 
weighting systems is dependent on sound frequency (fig. 3). 
Because most studies report a single sound level, which is 
an integrated measure of sound levels from across the set of 
frequencies on which that sound has occurred (refer to section 
“1.1.2. Sound Frequency”; Engineering ToolBox, 2003), 
comparing observed sound level results across weighting 
systems is difficult. Therefore, in this science synthesis, we 
report sound level results as they were documented in the 
original study without converting between weighting systems.

1.1.2. Sound Frequency
Frequency is a measure of the wavelength of sound. 

Frequency is measured in hertz (Hz), and changes in 
frequency within an animal’s hearing capabilities are 
perceived as changes in the pitch of a sound. A pure tone 
is a sound that occurs at a single frequency (Acoustical 
Society of America, undated). Other sounds occur at multiple 
frequencies, which can range from a small set of harmonic 
frequencies, such as a note from a musical instrument, to a 
broad range of frequencies (also known as broadband), such 
as the sounds produced by equipment used during oil and gas 
development (Harrison and others, 1980). The distance sound 
travels and decays in different media varies by frequency. 
Lower frequency sounds attenuate less through the atmosphere 
and travel farther than higher frequency sounds (Naguib and 
Wiley, 2001; Pater and others, 2009).

Hearing capabilities for frequency differ among species 
and individuals within a species. Most terrestrial birds are 
most sensitive to a middle range of frequencies and become 
progressively less sensitive to lower and higher frequencies 
(Dooling, 1992; Dyson and others, 1998). This pattern is 
similar to human hearing, which can be used to illustrate 
the concept. Human hearing generally ranges from 20 to 
20,000 Hz, and at the extreme ends of this range, humans 
can hear sounds only at high sound levels. For example, if a 
sound’s frequency is greater than approximately 18,000 Hz, 
a human with average hearing capabilities can only perceive 
that sound as audible if the sound level exceeds 70 dB. 
Conversely, humans can, on average, hear sounds between 
2,000 and 4,000 Hz even when they occur at very low 
sound levels (less than approximately −6 dB; Jackson and 
others, 1999).

Table 2.  Range of measured sound pressure levels of several common sound sources.

[Table modified from Rutherford and others (2023). All data are summarized in Berger and others (2016). All reported sound pressure levels are A-weighted to 
represent perceived loudness to average human hearing and are the range of measurements reported in several studies. Duration of measurement may vary across 
studies and is not always reported in the original study (Berger and others, 2016); measurements listed in this table are assumed to represent average sound 
levels when the sound source is active (that is, from the start to the end of a whisper, while the refrigerator motor is running, while the air conditioner motor 
is running, and so forth). Perceived loudness of a sound level also depends on acoustic context, and quieter background sound levels result in an increase in 
perceived loudness. Refer to Berger and others (2016) for additional details and references to the original studies in which data were collected. dBA, A-weighted 
decibel; m, meter; ~, about]

Common sound source Sound level (dBA) Distance from sound source (m)

Whisper 25–30 1.5–5
Refrigerator 40–54 0.9–3
Air-conditioning unit 55–61 0.9–7.5
Vacuum cleaner 67–85 1.5–3
Gas lawn mower 82–91 ~1
Chainsaw (cutting wood or revving) 110–113 ~1
Jet takeoff 120–125 60–100
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1.2. Characteristics of Noise From Oil and Gas 
Development

1.2.1. Temporal Factors That Affect Noise From Oil and 
Gas Development

Sound can be characterized by the onset, consistency, and 
regularity of the sound source. The onset of sound can be rapid 
and startling (for example, a gunshot) or gradual (for example, 
a car passing; Francis and Barber, 2013; Gill and others, 2015). 
During oil and gas development, noise consistency can vary 
with the phase of oil and gas operations (refer to section “1.2.3. 
Noise During the Phases of Oil and Gas Development”). 
Chronic noises are typically generated during the production 
phase and include compressors and pumpjacks, which can 
run 24 hours per day (Francis and others, 2009). Chronic high 
amplitude infrastructure, such as compressor stations, can 
generate considerable noise and be the dominant noise source 
at a site. In an active oil and gas field in northern Alberta, 
Canada, chronic noise affected overall sound levels more than 
other noise sources such as traffic (Sánchez and others, 2022).

The temporal characteristics of sound can vary on short 
and long time scales. For example, intermittent noise can occur 
throughout development because of human presence, traffic, 
and machinery from exploration through surface reclamation. 
The overall noise footprint of oil and gas development can 

vary from year to year across the broad scale of oil and gas 
fields (in other words, the total geographic area above an oil or 
gas reservoir) as activity shifts geographically and sets of well 
pads move through phases of development and maintenance 
(Sawyer and others, 2017). In fields where such broader 
spatial patterns in development occur, sound could increase 
at the landscape scale in areas undergoing active drilling and 
construction, whereas areas containing sets of wells shifting to 
the production phase could become quieter. In addition, density 
of wells in an area can affect the temporal consistency of noise. 
For example, increased density of development could cause an 
increase in the frequency of truck travel and associated noise 
along access roads.

Noise may also vary temporally because background 
sound levels change with weather and seasons. Background 
sound levels can substantially affect the perceived loudness 
of noise from oil and gas development for an animal because 
greater differences between the sound level of the noise 
and the background sound levels result in greater perceived 
loudness. Weather, such as rain or wind, may temporarily 
cause increases in background sound levels, which would 
reduce the audibility of other sounds. Seasonal variation in 
factors such as snow cover, litter, soil moisture, and foliage 
can cause cyclical changes in background sound levels 
(Attenborough, 2002).

1.2.2. Spatial Factors That Affect Noise From Oil and Gas 
Development

Sound propagates through space away from a source. In 
an idealized scenario without sound barriers or atmosphere, 
sound would propagate spherically away from the source 
and attenuate according to the inverse square law, which 
roughly equates to a reduction of 6 dBA for every doubling 
of distance past approximately 15 m (Attenborough, 2002). 
However, environmental factors can act as sound barriers or 
reflectors, modifying patterns of sound attenuation (Francis 
and Barber, 2013). For example, the spread of sound through 
space can be affected by topographical features, vegetation 
structure, humidity, wind, temperature, soil moisture, and 
open water (Naguib and Wiley, 2001; Attenborough, 2002; 
Keyel and others, 2018; Boycott and others, 2019). Evidence 
from several studies illustrates sound attenuation based on 
environmental context:

•	 In forested areas, trees and ground litter generally 
increase the rate of sound attenuation (Naguib and 
Wiley, 2001; Attenborough, 2002). However, more 
nuanced effects can result from variation in forest 
vegetation structure and ground characteristics at 
small spatial scales (Boycott and others, 2019). 
For example, in an oil and gas field in northern 
Alberta, Canada, regardless of levels of industrial 
development, mature (40–100 years) boreal forest 
had the lowest sound levels compared with young 
(0–40 years) and old (100 years or older) forest at 
sites across the landscape (Sánchez and others, 2022).

Sections 1.2 and 1.3 Highlights

•	 Noise during oil and gas development can range 
from short duration, such as a seismic blast or 
passing truck, to chronic, such as a compressor 
station.

•	 Environmental factors such as vegetation, snow, 
wind, temperature, humidity, and topography 
affect the distance noise can travel.

•	 Noise characteristics vary across phases of oil 
and gas development, including exploration, 
construction, drilling and completion, production, 
and surface reclamation.

•	 Noise sources include helicopters, trucks, human 
activity, cannons, compressors, generators, drills, 
and other machinery, which cause low-frequency 
noise that can travel long distances.

•	 The primary method for estimating noise from 
a proposed action and alternatives is inference 
from data collected around analogous past oil and 
gas development based on field measurements or 
published data.
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•	 In open dryland ecosystems such as grasslands and 
Artemisia spp. (sagebrush) ecosystems, sound atten-
uation is primarily affected by atmospheric variables 
such as wind, which can mask low-frequency sound 
(Boycott and others, 2019). In a grassland study, 
noise from pipeline construction was greater than 
65 dBA at the source and attenuated to 49 dBA at 
250 m but remained above existing background 
sound levels (30–40 dBA) as much as 500 m from 
the source (Sutter and others, 2016). In a study in 
a sagebrush ecosystem, sound levels depended on 
distance to oil and gas activity, and landscape sound 
levels were not affected by human-caused noise 
at distances greater than 3,200 m from the source 
(Ambrose and others, 2021).

•	 In arctic habitats, frozen ground covered by a porous 
layer of snow can efficiently absorb sound, and strong 
winds can mask human-caused noises (Blix and 
Lentfer, 1992). In a study that measured noise from 
oil and gas exploration activities near simulated 
Ursus maritimus (polar bear) dens in Alaska, noise 
exceeded background levels within 100 m of the 
sound source, but strong wind prevented exceedance 
of background sound levels farther away (Blix and 
Lentfer, 1992). The porosity of snow changes how 
it absorbs or reflects sounds. Fresh snow is porous 
and absorbs more sound than dry ground, whereas 
snow that has a hard surface crust can reflect more 
sound than dry ground and increase sound spread 
(Attenborough, 2002).

In addition to environmental factors that affect sound 
attenuation and propagation, the location, movement, and 
concentration of sources can affect sound intensity across space. 
For example, because of frequent traffic during construction 
and well development, intense noise can be generated at a 
well pad and along access roads (Hays and others, 2017). At 
the scale of an oil and gas field, activity can concentrate in 
parts of the field as sets of wells progress through the phases 
of development (Walker and others, 2020). In areas that have 
higher densities of wells, noise likely increases in spatial 
consistency. Concentration or dispersion of individual noise 
sources can affect the total sound in an area because spatial and 
temporal overlap of sounds can cause aggregate effects (Francis 
and Barber, 2013; Gill and others, 2015; Sánchez and others, 
2022). For example, when two broadband sound sources of 
equal sound level overlap, the total sound level is approximately 
3 dB greater than either of the individual sound sources alone 
(Engineering ToolBox, 2003). Each additional sound source 
of equal sound level would add progressively less to the total 
sound level; 10 sound sources of equal sound level would be 
10 dB greater than any of the individual sound sources alone 
(Engineering ToolBox, 2003). When a noise source produces 
much higher sound pressure level than other noise sources, such 
as chronic noise from a natural gas compressor station, noise 
from the other noise sources is minimally additive to the sound 

levels in the area and the most intense noise source is dominant 
(Engineering ToolBox, 2003; Sánchez and others, 2022). With a 
difference of 6 dB or greater between the sound pressure levels 
of two sound sources, the total sound pressure level is less than 
1 dB greater than the independent sound pressure level of the 
more intense sound source (Engineering ToolBox, 2003).

1.2.3. Noise During the Phases of Oil and Gas 
Development

The phases of onshore oil and gas development consist 
of exploration, construction, drilling and completion, 
production, and surface reclamation. Each phase involves a 
broad set of noise sources ranging from human presence to 
industrial machinery.

Most studies that characterize noise from oil and gas 
development have focused on measuring aggregate sound 
occurring at a location during construction, drilling and 
completion, or production. Fewer studies have documented 
noise during oil and gas exploration and reclamation. 
Construction, drilling and completion, and production can 
last many years at a single well location. Each of these 
development phases use machinery and vehicles that produce 
high amplitude noise across frequencies (Scobie and others, 
2016; Radtke and others, 2017). This section of the report 
synthesizes information from studies that have measured sound 
level and frequency near oil and gas wells. Table 3 provides a 
detailed list of sound levels observed during past studies.

Although identifying sound levels from specific phases 
and particular sources associated with each phase is important 
to characterizing noise from a proposed action, oil and gas 
development may occur in fields that have high densities of 
wells in various phases of development. In higher density 
fields, noise from wells is likely cumulative because of 
the spatial and temporal overlap of noise from individual 
wells and roads. In addition, the phases of development 
are commonly cyclical at a well pad. Multiple iterations of 
drilling, production, and interim reclamation can occur 
through time at a single location.

Exploration

Exploration involves several stages of geophysical 
study to identify probable locations for oil and gas deposits, 
followed by seismic survey and drilling of exploration wells. 
During the exploration phase, noise is typically intermittent 
and may be produced by helicopters, truck traffic, and 
detonation machinery, such as cannons or air guns, which are 
used for seismic testing (Brittingham and others, 2014). Noise 
from seismic vibrators is greatest at low frequencies, typically 
below 105 Hz (Bagaini and others, 2014). In a simulation 
of seismic testing noise, Bradshaw and others (1997) used a 
propane cannon to produce noise at amplitudes ranging from 
90 to 110 dB at 2 m from the cannon mouth.
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Table 3.  Observed sound levels, type of sound source, and distance from sound source for noise emitted during different phases of oil 
and gas development.

[Table modified from Rutherford and others (2023). This table presents a selection of sound sources based on information available in the literature and is 
not inclusive of all sound sources or types of oil and gas development. Sound levels are presented as they were measured and weighted in the original study. 
Reported sound levels may consist of single locations or averages across several locations, and we refer the reader to the original study for further information 
about the site-specific and landscape context in which these sound levels were observed, including vegetation or other incidental or intentional barriers to sound 
propagation. Additional noise data summarized from unpublished reports are available in Hays and others (2017). m, meter; dBA, A-weighted decibel; min, 
minute; Leq, equivalent sound level; dBC, C-weighted decibel; h, hour; mo, month; L50, median sound pressure level; s, second; dBZ, Z-weighted decibel; Lx, 
exceedance percentile; dB, decibel; avg., average; <, less than; >, greater than; SEL, sound exposure level]

Sound source Distance from sound source (m) Measured sound level

Construction and reclamation

Pipeline construction and cleanup 250 49 dBA (1-min Leq)1

350 46 dBA (1-min Leq)1

Construction, drilling, and completion

Heavy construction and drilling machinery with sound barriers 304 64 dBA, 69 dBC (1-h Leq)2

320–550 52–60 dBA, 73–80 dBC (3-mo Leq)3

Drilling and completion

Active drill rig 100 62 dBA (L50)4

107 65 dBA, 79 dBC (15-min Leq)5

Active drill rig with sound barriers 107 59 dBA, 73 dBC (15-min Leq)5

217 52 dBA, 75 dBC (1-min Leq)6

225 (near road) 57 dBA, 77 dBC (1-min Leq)6

264 49 dBA, 67 dBC (1-min Leq)6

393 49 dBA, 71 dBC (1-min Leq)6

Drill rig disassembly 100 54 dBA (L50)4

Hydraulic fracturing sites 107 70 dBA, 80 dBC (15-min Leq)5

Hydraulic fracturing sites with sound barriers 107 59 dBA, 74 dBC (15-min Leq)5

225 (near road) 56 dBA, 71 dBC (1-min Leq)6

264 56 dBA, 71 dBC (1-min Leq)6

Completion sites 40–70 73 dBA, 82 dBC (15-min Leq)5

107 62 dBA, 77 dBC (15-min Leq)5

Completion sites during flowback with sound barriers 225 (near road) 58 dBA, 79 dBC (1-min Leq)6

264 62 dBA, 82 dBC (1-min Leq)6

Production

Production sites (machinery unspecified) 107 47 dBA, 64 dBC (5-s Leq)5

Production sites with sound barriers (machinery unspecified) 225 (near road) 53 dBA, 73 dBC (1-min Leq)6

264 55 dBA, 79 dBC (1-min Leq)6

Compressor station 10 82 dBC (Leq)7; 75–85 dBZ8 (Lx unspecified)

30 82 dBC (2-min Leq)9

50–150 46–68 dBA (Leq)10

75–175 71 dB (1-min Leq)11

100 47–54 dBA (L50)4

242 (avg.) 48 dBA (Leq)12

<300 60 dBA (24-h Leq)13

300–600 50 dBA (24-h Leq)13

600–750 55 dBA (24-h Leq)13

>1,000 52 dBA (24-h Leq)13
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Construction, Drilling, and Completion

The construction and drilling and completion phases 
cover a wide variety of activities. Well pad and pipeline 
construction may last months to years and involve heavy 
machinery, road construction, and increased traffic. During 
drilling, a drill rig and drilling machinery produce noise while 
creating a borehole. Common intermediate steps associated 
with drilling and completion include hydraulic fracturing and 
well testing, which can involve flaring.

Hydraulic fracturing is a postdrilling technique to fracture 
low-permeability formations at the bottom of a borehole to 
obtain oil and gas contained in rock (Tiemann and Vann, 
2015). Hydraulic fracturing typically has a higher sound 
pressure level than the drilling process because the fracturing 
of the rock itself can generate intense noises. In addition, 
horizontal drilling for hydraulic fracturing can last longer 
than traditional vertical drilling (Hays and others, 2017; 
Radtke and others, 2017). Hydraulic fracturing also requires 
higher volumes of truck traffic than other phases because of 
the continuous need for materials used during the fracturing 
process. Allshouse and others (2019) observed approximately 
9 semitrailer trucks per hour, 24 hours per day during 
hydraulic fracturing activities, and an additional 8 pickup 
trucks per hour during the daytime.

Flaring is a noise-producing process step that occurs in 
some locations during well testing, after hydraulic fracturing, 
and can last days to weeks. Flaring can also occur during 
maintenance and to prevent hazards from overpressurized 
equipment (Cushing and others, 2020). Noise levels from 
flaring result from combustion of gases and depend on the 
volume of gas burning per unit of time; higher rates of flaring 
result in higher noise levels (Dowling and Mahmoudi, 2015).

Well completion can involve various techniques of 
preparing a borehole for production, such as inserting 
production tubing, casing, and any necessary downhole tools. 
Flowback is a part of well completion during which hydraulic 
fracturing fluids mixed with oil and gas flow out at high rates 
prior to production. Traffic volume can also be high during 
flowback activities (Massachusetts Institute of Technology, 
2011). Allshouse and others (2019) observed 13.5 pickup 
trucks per hour during the daytime during flowback.

Like other stages of oil and gas development, most of 
the sound produced during construction, drilling, hydraulic 
fracturing, and well completion is high intensity and 
broadband and most intense at lower frequencies. During 
oil pipeline construction in Canada, noise was broadband 
(6.3–20,000 Hz) and remained higher than background 
sound levels as much as 1 kilometer (km) from the pipeline 
(Sutter and others, 2016). In a Colorado study, continuous 
noise from construction and drilling at sites that had 9.8-m 

Table 3.  Observed sound levels, type of sound source, and distance from sound source for noise emitted during different phases of oil 
and gas development.—Continued

[Table modified from Rutherford and others (2023). This table presents a selection of sound sources based on information available in the literature and is 
not inclusive of all sound sources or types of oil and gas development. Sound levels are presented as they were measured and weighted in the original study. 
Reported sound levels may consist of single locations or averages across several locations, and we refer the reader to the original study for further information 
about the site-specific and landscape context in which these sound levels were observed, including vegetation or other incidental or intentional barriers to sound 
propagation. Additional noise data summarized from unpublished reports are available in Hays and others (2017). m, meter; dBA, A-weighted decibel; min, 
minute; Leq, equivalent sound level; dBC, C-weighted decibel; h, hour; mo, month; L50, median sound pressure level; s, second; dBZ, Z-weighted decibel; Lx, 
exceedance percentile; dB, decibel; avg., average; <, less than; >, greater than; SEL, sound exposure level]

Sound source Distance from sound source (m) Measured sound level

Production—Continued

Generator-powered pumpjack 10 73 dBC (Leq)7; 55–80 dBZ8 (Lx unspecified)

Grid-powered pumpjack 10 62 dBC (Leq)7

Generator-powered screw pump 10 79 dBC (Leq)7; 80–90 dBZ8 (Lx unspecified)

Grid-powered screw pump 10 59 dBC (Leq)7; 55–80 dBZ8 (Lx unspecified)

Generator-powered central gathering facility 100 45 dBA (L50)4

Injection well facility 100 56 dBA (L50)4

All phases

Aircraft (all types) Variable 55–69 dBA (median SEL)14

1Sutter and others (2016).
2Blair and others (2018b).
3Blair and others (2018a).
4Ambrose and others (2021).
5Radtke and others (2017).

6Allshouse and others (2019).
7Bernath-Plaisted and Koper (2016).
8Warrington and others (2018).
9Francis and others (2011d).
10Francis and others (2011c).

11Kleist and others (2017).
12Bayne and others (2008).
13Boyle and others (2017).
14Stinchcomb and others (2020).
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sound barrier walls led to an increase of 8.7–17.4 dBA over 
background sound levels measured 320–550 m from the 
source (Blair and others, 2018a). Noise varied throughout the 
day; noise increased in the morning, decreased midday, and 
increased again in the afternoon (Blair and others, 2018a). 
In another Colorado study, the dominant frequency during 
drilling was 63 Hz, whereas the dominant frequency during 
hydraulic fracturing and completion was 125 Hz (Radtke and 
others, 2017). Sound pressure levels can vary depending on 
the types of machinery used during each development phase 
and the landscape around the well site. For example, Radtke 
and others (2017) documented that completion produced 
slightly lower sound pressure levels on average than drilling 
and hydraulic fracturing, whereas a different study found that 
flowback during completion produced higher sound pressure 
levels than drilling, hydraulic fracturing, and production 
(table 3; Allshouse and others, 2019). These differences 
indicate the importance of considering site and action-specific 
factors when estimating noise from a proposed action and 
alternatives (refer to section “1.3. Guidance for Estimating 
Potential Noise from Proposed Oil and Gas Development”).

Production

During production, noise may originate from 
compressors, generators, engines, pumpjacks, screw pumps, 
and other large equipment that operate continuously for 
several years. Acute or shorter-term noises, like many of the 
noises produced during drilling and completion, can also occur 
because of activities such as maintenance traffic or the need 
for a workover rig to replace completions when downhole 
problems occur. The types of production equipment in a 
field may vary based on the type of well and the amount of 
processing that occurs in that field. For example, fields that 
include gas production may more often have noisy equipment 
associated with initial gas processing and transportation, such 
as compressor stations. Compressors and generator-powered 
well pumps (for example, pumpjacks and screw pumps) 
continuously produce sound at high amplitudes across 
frequencies and produce higher sound pressure at low 
frequencies (fig. 4; Koper and others, 2016; Warrington and 
others, 2018). Grid-powered pumpjacks and screw pumps are 
generally quieter than their generator-powered counterparts 
(table 3; Koper and others, 2016). In a Colorado study, sound 
pressure level observations at production sites were at least 
15 dBA lower than at drilling, hydraulic fracturing, and 
completion sites (table 3), and dominant frequencies were very 
low (16–31.5 Hz; Radtke and others, 2017).

Traffic during the production phase is typically lower 
than during construction and drilling and completion because 
traffic is limited to intermittent machinery maintenance 
(Zammerilli and others, 2014). Allshouse and others (2019) 
observed an average of 1 semitrailer truck and 1 pickup truck 
per hour during the daytime at a well in the production phase 
in Colorado.

Reclamation

Surface reclamation is a set of activities intended to 
initiate ecosystem processes that will eventually return a 
site to its predisturbance ecosystem function. Reclamation 
generally involves recontouring and revegetating roads and 
well pads, which can entail various noise producing activities, 
including use of heavy machinery to move soil and prepare 
it for planting. Interim reclamation can begin as soon as well 
completion is finalized, which means noise from interim 
reclamation can be concurrent with noise from production. 
Final reclamation occurs after production has closed and 
the well is plugged and abandoned (U.S. Department of the 
Interior and U.S. Department of Agriculture, 2007). We did 
not find literature measuring noise specific to reclamation 
or well abandonment activities; however, Sutter and others 
(2016) reported lumped measurements from construction and 
reclamation activities at an oil pipeline in Canada (table 3).

Traffic Noise (All Phases)

Traffic noise occurs throughout each phase of oil and 
gas development and varies because of differences in traffic 
volume and vehicle type among phases (Radtke and others, 
2017; Allshouse and others, 2019). Traffic noise along a 
specific road can be highly varied depending on the type of 
vehicle, road gradient, road surface, vehicle speed, and traffic 
volume (Byrnes and others, 2012). For example, paved roads 
may generally have higher vehicle speeds and greater traffic 
volume than unpaved roads, although these factors can be 
location and situation specific. Chen and Koprowski (2015) 
measured how vehicle speed affects noise levels and found 
that driving at 24 kilometers per hour (km/h) resulted in 1 dBA 
lower Leq and 1.5 dBA lower Lmax than driving at 40 km/h. An 
average well may have more than 1,100 heavy-truck trips for 
servicing the well during its lifetime (Zammerilli and others, 
2014). Most traffic occurs during construction, drilling, and 
completion and decreases during production to infrequent traffic 
for maintenance of the well (Zammerilli and others, 2014). 
Traffic unrelated to oil and gas activity can also be common and 
presents potential cumulative noise effects when combined with 
oil and gas-related traffic (Scobie and others, 2016).

1.3. Guidance for Estimating Potential Noise from 
Proposed Oil and Gas Development

Noise from proposed oil and gas development can be 
estimated based on published data from past similar actions 
or gathered in the field from ongoing similar actions. Because 
of the variability of atmospheric, vegetation, and topographic 
characteristics across study systems, published data can provide 
a wide range of sound level estimates (for example, table 3). 
Therefore, measuring sound levels near other oil and gas 
development in the project or planning area typically is a more 
accurate method for estimating noise from a proposed action 
and alternatives. The National Park Service (NPS; NPS, 2013a) 
provided a step-by-step technical guide for acoustic monitoring. 
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Blickley and Patricelli (2013) also provided technical 
recommendations for accurate sound measurements in the field. 
Types of equipment, timing and location of measurements, and 
the presence of unexpected, nontarget sounds are all important 
technical considerations when gathering field data (Blickley 
and Patricelli, 2013; NPS, 2013a). Blickley and Patricelli 
(2013) recommended specialized technical training for all staff 
collecting field sound measurements. A sound level meter is 
the most common equipment used for measuring sound in the 
field. Recommendations for calibrating and positioning sound 
level meters, excluding interference, and selecting timeframes 

for measurement are available in Blickley and Patricelli (2013), 
NPS (2013a), Patricelli and others (2013), and Ambrose and 
Florian (2014). In general, selection of location and timing 
of measurements can be informed by physical characteristics 
or life history traits of the potentially affected animal species 
(Blickley and Patricelli, 2013). Location and timing of 
measurements can also vary by management goal, type of 
noise, or type of anticipated effects, such as whether animals 
are expected to flush in response to acute noise or experience 
increased stress in a chronically noisy location (Blickley and 
Patricelli, 2013).
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Figure 4.  Average unweighted sound pressure levels (Z-weighted decibels [dBZ]) at frequencies of 12.5–20,000 hertz (Hz) for 
generator-powered pumpjacks (sample size [n] equals [=] 4), generator-powered screw pumps (n=5), grid-powered screw pumps 
(n=5), natural gas compressor stations (n=4), and background sound levels in an oil and gas field in mixed-grass prairie in southern 
Alberta, Canada. All measurements for infrastructure were taken less than 10 meters from the sound source. Background sound was 
recorded at control sites (n=41), which included sites without infrastructure and inactive infrastructure sites. Measurements were 
taken in each 1/3-octave frequency band and averaged across sites. This figure represents sound levels from production equipment in 
a particular study system; sound levels can vary by environmental context and equipment and well type, among other variables. Data 
from Warrington and others (2018; used with permission of Oxford University Press). Modified from Warrington and others (2018) and 
Rutherford and others (2023).
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In the absence of field data, published data can inform 
characterization of noise expected from a proposed action 
and alternatives. Published data appear in gray literature 
and peer-reviewed studies (table 3). In addition, traffic data 
in existing oil and gas fields can be gathered from State and 
national public traffic databases or from existing publications 
(for example, Zammerilli and others, 2014; Allshouse and 
others, 2019).

2. Characterizing the Acoustic Environment

The acoustic environment consists of all the sounds at a 
location. The acoustic environment varies across a landscape 
(spatially) and through time (temporally). Characteristics of 
the acoustic environment can provide a reference condition 
for measuring potential noise effects of a proposed action 
and alternatives. Data about the acoustic environment can be 
gathered at the site of a proposed project or extrapolated from 
publicly available datasets or other published information. 
Blickley and Patricelli (2013) recommended considering 
previously published data in addition to new field data, when 
possible, because of the difficulty of measuring sound levels 
in very quiet environments and identifying natural sound 
levels in areas already greatly affected by human-caused noise. 
Equipment, temporal and spatial factors, and unexpected 
sounds are all important considerations when gathering 
field data to describe the acoustic environment (Blickley 
and Patricelli, 2013; NPS, 2013a). Use of sensitive sound 
measurement equipment is especially important when 
measuring background sound levels; many sound level meters 
(those meters that have a rating of class 2 [refer to Acoustical 
Society of America, 2014]) cannot measure sound levels 
quieter than 35 dBA, which exceeds background sound levels 
in most undeveloped landscapes (Blickley and Patricelli, 
2013). Mismeasurement of background sound levels can 
result in underestimation of the spatial extent of the audibility 
of a noise and have implications for effects analysis (refer 
to section “3. Methods for Predicting Noise Occurrence on 
the Landscape”) and noise management practices such as 

exceedance thresholds (refer to section “5. Mitigating the 
Effects of Noise From Oil and Gas Development on Raptors 
and Songbirds”). Section “1.3. Guidance for Estimating 
Potential Noise from Proposed Oil and Gas Development” 
contains an additional description of resources containing 
guidelines for gathering acoustic data.

In many landscapes, natural sound sources (for example, 
wind, bird songs, and rivers) and human-caused sound sources 
contribute to the acoustic environment (Harrison and others, 
1980; Gomes and others, 2021). Common sound measurement 
techniques can be used to identify the relative contributions 
of different types of sounds to the acoustic environment and 
facilitate analysis of potential cumulative effects (that is, the 
effects of each alternative considered in combination with the 
effects of existing human-caused noise sources). A standard 
metric for characterizing the contributions of natural sounds 
to the acoustic environment is the sound pressure level that is 
exceeded 90 percent of the time (L90; Ambrose and Florian, 
2014). This metric represents consistent, low intensity sounds 
and does not capture infrequent, short-duration sounds such 
as occasional vehicles passing on low-traffic roads, which 
makes L90 useful for characterizing background sound 
levels in undeveloped areas (Ambrose and Florian, 2014). 
To characterize the total acoustic environment, including 
existing human-caused sounds, Ambrose and others (2021) 
recommended using L50 or Leq, which capture the median and 
logarithmic average of sound measurements.

Previously published data and models about background 
sound levels can provide a reference point to supplement local 
field data, which can be useful because of the difficulty of 
accurately measuring background sound levels (Blickley and 
Patricelli, 2013). Modeled background sound levels for the 
United States are available from the NPS (2015). The model 
uses field-collected ambient sound data from NPS units from 
2000 to 2011 to estimate the contributions of human-caused 
sound to background sound levels nationwide at a 270-m 
resolution (Mennitt and others, 2014). In addition to this 
model, observational data from past studies can be used to 
infer background sound levels in particular landscapes. Most 
published observations for largely undisturbed environments 
report background sound levels less than 30 dBA. For 
example, Lynch and others (2011) measured median L90 across 
43 national parks in the United States at 21.8 dBA. In desert 
areas in southern California that were usually undisturbed by 
human-caused noises, 44 percent of daily sound measurements 
were between 20.5 and 25 dBA (Brattstrom and Bondello, 
1983). Patricelli and others (2013) recommended using 
16–20 dBA as the background acoustic environment for 
undeveloped sagebrush ecosystems. However, correcting 
for sound level meter self noise, Ambrose and others (2021) 
measured nighttime sagebrush sites as somewhat quieter: 
average Leq of 24 dBA, L50 of 11 dBA, and L90 of 8 dBA. 
Across the full 24 hours of measurements, they reported an 
average Leq of 26 dBA, L50 of 19 dBA, and L90 of 14 dBA 
(Ambrose and others, 2021).

Section 2 Highlights

•	 Researchers recommend considering field 
data and previously published data when 
characterizing the acoustic environment.

•	 Common sound measurement techniques can help 
to identify the relative contributions of natural and 
human-caused sounds to the acoustic environment.

•	 Several previously published resources provide 
information about background sound levels in 
undeveloped landscapes in the United States.
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3. Methods for Predicting Noise Occurrence on 
the Landscape

3.1. Overview of Sound Propagation Modeling 
and Data Needs

An estimate of where and when noise will occur in a 
species’ habitat can provide the basis for assessing the effects 
of that noise on the species. A key method for estimating 
the locations in which noise from a proposed oil and gas 
development action will be audible is sound propagation 
modeling. Fundamentally, a sound propagation model shows 
how far a sound will travel based on the sound level at the 
source and environmental barriers that impede the spread of 
the sound. Spread and impedance are based on standardized 
equations for calculating the movement of sound waves 
(International Organization for Standardization, 1996). 
In addition, a sound propagation model accounts for the 
background acoustic environment because a noise is generally 
audible when it has a greater sound pressure level than 
ambient sound levels. Thus, a sound propagation model relies 
on three basic types of data:

•	 Sound level of the noise source (refer to sections 
“1.2. Characteristics of Noise From Oil and Gas 
Development” and “1.3. Guidance for Estimating 

Potential Noise from Proposed Oil and Gas 
Development” for information about gathering or 
estimating these data). An estimate of the sound 
level at the source will likely vary through time 
(refer to section “1.2.1. Temporal Factors that Affect 
Noise From Oil and Gas Development”), and the 
estimate should be based on relevant periods for 
the species (for example, maximum potential sound 
level during the nesting season).

•	 Sound level of the acoustic environment (refer 
to section “2. Characterizing the Acoustic 
Environment” for information about gathering 
or estimating these data). Noise levels must be 
compared to background sound levels to determine 
where the noise will be audible.

•	 Environmental factors including temperature, 
humidity, wind, elevation, topography, vegetation 
and ground cover, soil moisture, open water, and 
any other barriers (for example, a building or wall) 
that affect the spread of sound (refer to section 
“3.2. Options for Estimating Sound Propagation” 
for information about gathering and using these 
data). Because environmental factors generally 
impede the spread of sound, models that incorporate 
more variables typically output a smaller estimated 
noise footprint (fig. 5A, B, C).

The output of a sound propagation model is an estimate 
of the spatial extent of the noise at various sound levels, also 
known as sound level contours. The estimated spatial extent 
can be superimposed on habitat and species distribution data 
to quantify amounts of habitat and numbers of individuals 
potentially affected and identify locations that may exceed 
thresholds for effects, if known (refer to Ambrose and others 
[2021] for an example of an effect threshold). Information 
about the amount of habitat or number of animals affected 
by noise can help infer effects on indicators for individual or 
population health, such as physiology, behavior, abundance, 
or fitness, based on past studies described in the literature 
(refer to section “4. Potential Effects of Noise From Oil and 
Gas Development on Raptors and Songbirds”).

3.2. Options for Estimating Sound Propagation
We outline two options for estimating sound propagation 

in sections “3.2.1. Option 1—Estimate Sound Propagation with 
Basic Equations for Spherical Spread of Sound” and “3.2.2. 
Option 2—Geospatial Sound Propagation Modeling Tools,” 
which differ based on complexity and precision. Although 
complex models for sound propagation can yield more precise 
results by incorporating environmental variables that impede 
sound spread (fig. 5C), simpler approaches are often more 
practical. The first option provides a method to roughly estimate 
maximum sound level contours around a stationary point 
noise source. This method relies on an accurate estimate of 

Section 3 Highlights

•	 Sound propagation modeling is a method for 
estimating where sound from a proposed action 
will occur on the landscape.

•	 Sound propagation models depend on three basic 
types of data: (1) sound level of the noise source, 
(2) sound level of the acoustic environment, and 
(3) environmental variables that affect the spread 
of sound.

•	 One simple option for estimating how far a noise 
could propagate is to consider only spherical 
sound spread, which can give a rough estimate of 
the maximum distance a sound will travel. This 
option is less complex and time intensive but also 
less precise.

•	 A second option is to use a geospatial sound 
modeling tool. This option is more precise but 
also more complex and time intensive.

•	 The results of sound propagation modeling can be 
superimposed on wildlife habitat or occurrence 
data to predict the area in which individuals and 
populations may experience effects from noise.
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Figure 5.  Differences in the outputs of the Noise Model Simulation (NMSim) sound propagation model (Ikelheimer and Plotkin, 2005) for a hypothetical illustrative scenario. 
Each panel shows a model output that includes progressively more impedance variables. A, model includes impedance from atmospheric variables and does not include 
impedance from terrain (digital elevation model [DEM], available at https://www.usgs.gov/programs/national-geospatial-program/national-map) and land cover (National Land 
Cover Database [NLCD], available at https://www.mrlc.gov/); B, model includes impedance from atmospheric variables and terrain and does not include impedance from land 
cover; C, model includes impedance from atmospheric variables, terrain, and land cover. The noise source is a hypothetical stationary, heavy truck that produces sound at 71 
A-weighted decibels (dBA) measured 15 meters (m) from the truck. The color gradients in each panel indicate the area in which the noise is perceived at different sound levels.  
A downhill slope in terrain causes sound to travel somewhat farther to the northeast in panel B than on flat terrain in panel A, and an uphill slope impedes sound travel to the 
south. Inclusion of land cover in panel C substantially reduces the distance sound travels in all directions. We produced all images using the NMSim model within the Sound 
Mapping Tools package (Keyel and others, 2017) in ArcGIS Pro (Esri) and RStudio (Posit). Modified from Rutherford and others (2023). ≤, less than or equal to; m, meter;  
C, degrees Celsius; %, percent; —, no data.

https://www.usgs.gov/programs/national-geospatial-program/national-map
https://www.mrlc.gov/
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sound levels at a reference distance close to the noise source. 
This first option does not incorporate environmental variables 
and is based on general physical principles for the way sound 
waves attenuate spherically from a stationary point source with 
distance. This option is easily calculated but does not offer 
precise outputs and should be used with caution.

The second option consists of using geospatial modeling 
tools that incorporate atmospheric, topographic, and land 
cover factors to provide more precise estimates of sound 
propagation. This option requires more skills and time to 
prepare data, learn models, and run models using geographic 
information systems (GIS) software.

3.2.1. Option 1—Estimate Sound Propagation with Basic 
Equations for Spherical Spread of Sound

Sound waves attenuate spherically from a stationary point 
source according to standard physical principles (International 
Organization for Standardization, 1996). Without atmosphere, 
wind, terrain, or land cover, sound pressure level decreases 
approximately 6 dB for every doubling of the distance that a 
sound wave travels. Table 4 provides example calculations of 
sound level values for propagation of sounds that are 75, 80, 
and 90 dB measured 15 m from the source.

Under hypothetical conditions where environmental 
factors do not hinder the spread of sound, this basic calculation 
can be used to intentionally overestimate noise propagation. In 
other words, it can provide rough estimates of the maximum 
circular sound level contours around a stationary noise 
source. However, a critical caveat is that this method only 
overestimates sound levels when used to calculate sound 
propagation farther than the reference distance because it 
ignores environmental factors that impede the spread of sound. 
When calculating out from an estimated reference distance of 
15 m, for example, all calculations farther than 20 m would 
be overestimates if there was a tall wall 20 m from the noise 
source. Conversely, using this method to estimate sound levels 
closer to a noise source than the reference distance would result 
in underestimates of sound levels. For example, if an estimate 
of 60 dB at a reference distance 100 m from the noise source 
were used to calculate 66 dB at 50 m, this method would 
underestimate sound level at 50 m if there were a sound barrier 
75 m from the noise source.

In addition, this method should be used with caution 
because it is sensitive to slight changes in estimates at short 
distances from the noise source. For example, an estimate of 
80 dB at 20 m yields a calculation of 56 dB at 360 m, whereas 
an estimate of 80 dB at 15 m yields 56 dB at 240 m, which 
results in a much smaller estimate of the area experiencing 
sound levels greater than 56 dB. Weighted sound level metrics 
such as dBA may be less suitable for this method because they 
apply different filters across frequency bands (refer to section 
“1.1.1. Sound Level”). Furthermore, for linear noise sources, 
such as busy highways that have continuous traffic noise, noise 
attenuates slower (Barber and others, 2011), and this method 
may not be appropriate for calculating propagation from 
linear sources.

An expanded version of this method for manually 
calculating sound propagation using basic physical equations 
is available in Harrison and others (1980). In addition to pure 
spherical spread, Harrison and others (1980) provide data that 
facilitate calculating impedance factors, including atmosphere, 
vegetation and ground cover, wind, and barriers.

3.2.2. Option 2—Geospatial Sound Propagation Modeling 
Tools

Many sound propagation modeling tools have been 
developed for different types of noise sources in various 
environmental contexts. The Noise Model Simulation (NMSim) 
sound propagation model (Ikelheimer and Plotkin, 2005; a link 
to the software is available in Betchkal and Balantic [2023]) 
is commonly used in public lands contexts (Keyel and others, 
2017). The NPS has used NMSim in environmental effects 
analyses for oversnow vehicles (NPS, 2013b) and air travel 
(NPS, 2011). SPreAD-GIS (a link to the software is available 
in Keyel and others [2017]) is another sound propagation 
model developed for managing noise on public lands (Harrison 
and others, 1980; Reed and others, 2012; Keyel and others, 
2017). The NMSim and SPreAD-GIS use identical methods 
to model atmospheric absorption and general spherical spread 
of sound. However, they differ in their calculation of how 
land cover, topography, and wind affect sound spread (Keyel 
and others, 2017). In addition, SPreAD-GIS is limited to 
modeling frequencies 125–2,000 Hz, whereas NMSim is not 
frequency-range limited (Keyel and Reed, 2017).

Table 4.  Example calculation of spherical sound propagation without atmospheric, terrain, or landcover attenuation at three initial 
sound levels (75, 80, and 90 decibels [dB]) measured at a reference distance of 15 meters (m) from the source.

[Table modified from Rutherford and others (2023). Sound levels decrease 6 dB for every doubling of distance from the source]

Data type Distance dB Distance dB Distance dB

Reference measurement 15 75 15 80 15 90
Estimated sound propagation 30 69 30 74 30 94

60 63 60 68 60 78
120 57 120 62 120 72
240 51 240 56 240 66
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Although not specific to public lands contexts, many 
other sound modeling tools are available. For example, 
governments around the world use standard models for 
predicting noise emissions from highways (Federal Highway 
Administration, 2021; Khan and others, 2021). Each sound 
modeling tool has different limitations depending on its 
intended application, which is often specific to noise source 
and environmental context. In addition, tools that are not 
regularly maintained (for example, annually or biennially) 
may not function on newer versions of the underlying 
software (for example, Esri ArcGIS).

Specific software needs, data needs, and user guides 
are typically available in the documentation for each 
modeling tool. The three general types of environmental data 
used by these sound propagation models are atmospheric, 
topographic, and land cover. Average atmospheric data for 
a location, including temperature, humidity, and elevation, 
are generally easily obtainable (refer to, for example, the 
National Centers for Environmental Information, available 
at https:​//www.ncei.noaa.gov/​), and inputting these data 
into a sound propagation model is relatively simple. In 
comparison, although topographic and land cover data 
are relatively easily obtainable (refer to, for example, The 
National Map, available at h​ttps://www​.usgs.gov/​programs/​
national-geospatial-​program/​national-​map, for elevation data 
and the Multi-Resolution Land Characteristics Consortium, 
available at h​ttps://www​.mrlc.gov/​, for land cover data), 
they are geospatial data for which processing for sound 
propagation modeling is somewhat complex and requires 
experience using GIS software.

4. Potential Effects of Noise From Oil and Gas 
Development on Raptors and Songbirds

This section provides information relevant to the 
potential effects of noise from oil and gas development 
on raptors and songbirds. Information in this section may 
facilitate identification of issues for detailed analysis and 
analysis of the environmental consequences of a proposed 
action and alternatives.

4.1. How and Why Noise Affects Birds
Across taxonomic groups, existing research indicates 

many effects of human-caused noise on wildlife (Shannon 
and others, 2016; Kunc and Schmidt, 2019). Animals’ 
responses to noise vary based on characteristics of the noise 
(Francis and Barber, 2013). Acute noise can startle animals 
and cause a self-preservation response such as flight. Chronic 
noise can mask acoustic cues necessary for communication, 
predator detection, prey localization, habitat selection, or 
spatial awareness (Barber and others, 2010). Individuals 
that remain in noisy habitats can experience difficulties 
with auditory communication and environmental awareness 
that may increase visual vigilance behaviors at the cost of 

foraging (Frid and Dill, 2002; Bednarz, 2020). In addition, 
noise at varying frequencies and durations can distract 
animals from other sensory inputs, such as visual or tactile 
signals (Chan and others, 2010; Francis and Barber, 2013). 
Human-caused noise can also interfere with predator-prey 
dynamics and result in decreased hunting success for 
predators (Mason and others, 2016) or increased visual 
vigilance for prey species that are reliant on audible cues 
(Quinn and others, 2006; Sweet and others, 2022).

Among terrestrial wildlife, avian species’ responses to 
human-caused noise are relatively well studied (Shannon 
and others, 2016; Sordello and others, 2020). Investigations 
about the effects of noise on songbirds are especially well 
represented in the literature because of songbirds’ reliance 
on frequent vocal communication. Noise affects bird 
communication differently based on the spectral frequency 
of vocalizations (Francis, 2015) and the plasticity of their 
songs in the presence of noise (Roca and others, 2016). 
Strigiformes (owls) are also well represented in the literature 
because of their reliance on sounds for nocturnal hunting 
(Sordello and others, 2020). Studies indicate varying effects 
of human-caused noise on birds based on each species’ 
habitat, diet, and other life history traits, especially their 
reliance on acoustic cues for communication, foraging, 
and reproduction (Francis, 2015; Senzaki and others, 
2020), which highlights the importance of understanding 
and analyzing the effects of noise on birds at the level of 
individual taxa and species. In addition, individuals of 
the same species may experience different effects of noise 
depending on traits such as body size, nutritional state, life 
stage, sex, and prior exposure to noise (Kleist and others, 
2018; Harding and others, 2019). Overall, although effects 
are variable among bird species and individuals, many 
studies have found behavioral and physiological responses 
to noise among birds, including oil and gas development 
and traffic noise, as synthesized in the following sections. 
Ultimately, noise has been connected to negative fitness 
effects at local scales (McClure and others, 2013; Ware 
and others, 2015; Kleist and others, 2018) and across avian 
taxa at the national scale in the United States (Senzaki and 
others, 2020).

https://www.ncei.noaa.gov/
https://www.usgs.gov/programs/national-geospatial-program/national-map
https://www.usgs.gov/programs/national-geospatial-program/national-map
https://www.mrlc.gov/
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4.2. Effects of Noise on Raptors

4.2.1. Why Noise Can Affect Raptors
Among raptors, owls are most often studied for their 

response to human-caused noise because most owl species 
have been shown to rely to some extent on sound for hunting. 
Most owl species are nocturnal; therefore, they must use a 
combination of sight and hearing to detect prey and have more 
sensitive hearing than other types of birds (Clark and others, 
2020). Many owl species exhibit morphological adaptations 
to enable acute hearing and silent flight, such as asymmetrical 
ears, facial disks, and fringed wing feathers (Clark and others, 
2020). Several studies have shown that noise can reduce owl 
hunting success by masking the sounds of prey (Mason and 
others, 2016; Senzaki and others, 2016). Circus hudsonius 
(northern harrier) is another species of raptor that has adapted 
to hunt using sound (Rice, 1982) but has not been studied for 
its response to human-caused noise.

In addition to hunting, noise can affect raptor habitat 
use, nesting behavior and success, and physiology. In one 
study, Strix virgata (mottled owl) tended to choose areas that 
were less noisy, such as green spaces, within urban areas 
(Marín-Gómez and others, 2020). In another study, male 
Falco peregrinus (peregrine falcon) attended the nest less 
often during incubation and brooding in response to noise 
from aircraft overflights, whereas females attended the nest 
more often (Palmer and others, 2003). Exposure to high 
intensity noise affected maturation in young Tyto alba (barn 
owl; Efrati and Gutfreund, 2011) and noise was associated 
with increased stress hormone responses in mottled owls 
(Strasser and Heath, 2013).

4.2.2. Studies About How Noise From Oil and Gas 
Development Can Affect Raptors

Few studies have investigated the effects of noise specific 
to oil and gas development on raptors, and all studies focused 
on owl species (table 1.1). Experimental evidence has shown 
that simulated oil and gas well noise can mask prey sounds and 
reduce owl hunting success in low-light conditions (Mason 
and others 2016). The odds of a successful nighttime hunt for 
Aegolius acadicus (northern saw-whet owl) decreased 8 percent 
for every 1 dBA increase in simulated compressor noise, which 
replicated sound measured 50–800 m from a compressor, and 
no hunting successes occurred when compressor noise was 
greater than 61 dBA (Mason and others, 2016). Owls have 
highly sensitive low-frequency hearing compared to songbirds 
and humans (Heffner and Heffner, 2010; Clark and others, 
2020), and broadband compressor noise can overlap the sounds 
of prey movements and cause potential masking effects (Mason 
and others, 2016).

Meanwhile, studies in active oil and gas fields detected 
small or no effect of noise on owl habitat occupancy or 
use (Scobie and others, 2016; Shonfield and Bayne, 2017). 
Shonfield and Bayne (2017) studied the effects of noise 
from well pads with chronic noise (from compressors or 
oil processing plants) or intermittent noise (from traffic) on 
occupancy of Strix varia (barred owl), Bubo virginianus (great 
horned owl), and Aegolius funereus (boreal owl) in an oil 
field in a boreal forest ecosystem in Alberta, Canada. Chronic 
industrial noise did not affect the occupancy or habitat use 
of any of the three species (Shonfield and Bayne, 2017). The 
authors of the study speculated that because they measured 
occupancy at the scale of the home range of the species, 
which was larger than the noise footprint of the oil and gas 
infrastructure, owls may have been using areas outside of the 
noise footprint within their study sites (Shonfield and Bayne, 
2017). The authors of the study also speculated that their results 
that showed no change in habitat use in noisy areas may have 
reflected nonhunting behaviors, which may not be as affected by 
noise as nighttime hunting (Shonfield and Bayne, 2017).

In a mixed-grass prairie oil and gas field in southern 
Alberta and Saskatchewan, Canada, the presence of 
infrastructure and surface disturbance (for example, roads, well 
pads, compressor stations, buildings, and towns) had greater 
effect than sensory disturbance (for example, noise and artificial 
light) on space use of Athene cunicularia (burrowing owl) 
during twilight and nighttime (Scobie and others, 2016). The 
authors of the study speculated that land-use changes altered the 
distribution of prey habitat and provided perches, which had a 
beneficial effect on burrowing owl hunting that outweighed the 
potentially negative masking effects of noise from well pads and 
roads (Scobie and others, 2016).

4.2.3. Studies About How Traffic Noise Can Affect Raptors
Traffic noise has been shown to affect hunting success, 

levels of stress hormones, and reproductive success in raptors. 
Using simulated traffic and prey rustling sounds, Senzaki and 

Section 4.2 Highlights

•	 Many raptors rely on vision rather than hearing 
for hunting prey, but owls and northern harriers 
rely on a combination of sight and sound and can 
hunt using sound alone.

•	 Simulated compressor station and traffic noise can 
reduce hunting success of owls.

•	 Noise from vehicle traffic was associated with 
increased stress levels and reduced reproductive 
success in northern spotted owls.

•	 Studies in oil and gas fields in boreal forest 
and mixed-grass prairie have found that sound 
levels are not associated with owl occupancy or 
habitat use.
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others (2016) found that elevated traffic noise impaired prey 
detection and hunting success in Asio flammeus (short-eared 
owl) and Asio otus (long-eared owl). The threshold at which 
owls became less able to detect prey was at approximately 
40 dBA of traffic noise, which simulated the sound of traffic 
120 m away traveling at 60 km/h.

Stress responses to traffic noise and associated 
reproductive effects have been studied in a few species. An 
acute, experimental increase in vehicle noise from 1 hour of 
high-volume motorcycle traffic on a northern California forest 
road was associated with fewer fledged Strix occidentalis 
caurina (northern spotted owl) and increased stress hormone 
levels in adult owls nesting or roosting within 800 m of the 
road (Hayward and others, 2011). In another forest study in 
northern Arizona, log trucks on forest roads 78–167 m from 
three Accipiter gentilis (northern goshawk) nests caused 
alert response during nearly 75 percent of truck passes 
(average 61.9 dB) but did not result in movement or flushing, 
and all three nests successfully fledged young (Grubb and 
others, 2013).

In addition to traffic noise, roads present a variety of 
physical effects that contribute to changes in land cover, habitat 
connectivity, perch availability, prey distribution, and artificial 
light at night that can generally affect space use, density, and 
occupancy of owls (Silva and others, 2012; Scobie and others, 
2014). In mixed-grass prairie ecosystems in southern Alberta 
and Saskatchewan, Canada, where oil and gas development 
is common, burrowing owls were found to favor the use of 
roads, most likely because of the vegetation characteristics that 
supported small mammal populations (Scobie and others, 2014; 
Scobie and others, 2016). However, among roads, burrowing 
owls tended to avoid roads that had vehicle speeds greater than 
80 km/h (Scobie and others, 2014).

4.2.4. Information Gaps Regarding the Effects of Noise 
From Oil and Gas Development on Raptors

Literature about the effects of noise from oil and gas 
development on raptors is limited to studies on owls in boreal 
forests and mixed-grass prairie. Additional studies about noise 
effects on owls during daytime resting periods when they are 
susceptible to predation could improve understanding of how 
to avoid disturbing individuals when oil and gas operations 
are most active. Further research about owl distributions and 
fitness related to sound pressure levels in oil and gas fields 
could help develop an understanding of thresholds for effects 
and inform mitigation techniques. Future study about the 
effects of noise on predator-prey dynamics could also inform 
understanding of community or ecosystem effects. No research 
studies reviewed in this synthesis focused on the effects of 
noise specific to oil and gas fields on raptor species other than 
owls. Further research about how noise affects other raptors 
could inform general understanding of the ecological effects of 
oil and gas development.

4.3. Effects of Noise on Songbirds and Other 
Small Avian Species

4.3.1. Why Noise Can Affect Songbirds and Other Small 
Avian Species

Songbirds are a large group of perching bird species 
in the order Passeriformes. Songbirds rely on acoustic 
communication for information about their environment and 
are frequently studied for their response to human-caused 
noise (Shannon and others, 2016). Although songbirds are 
often a focus of noise studies, many studies investigate effects 
on bird communities and include other relatively small avian 
species such as Passeriformes (flycatchers), Apodiformes 
(hummingbirds), and Columbiformes (doves). Among these 
diverse groups of birds, the effects of human-caused noise 
depend on factors such as habitat type, noise source, and 
life history traits of the species (Francis and Barber, 2013). 
Noise can mask sounds such as alarm calls, mating songs, 
or communication with young (Francis and others, 2009). 
Intermittent or abrupt noise changes may be perceived as 
threats, whereas chronic noise may lead to additive stress 
responses through time (Francis and Barber, 2013).

Section 4.3 Highlights

•	 Songbirds rely heavily on sound for communication 
with young, alarm calls, and mating.

•	 The effects of human-caused noise on songbirds 
vary depending on the noise source, species, 
habitat type, and time of year or phenology.

•	 Noise from oil and gas development can increase 
avoidance of the area and decrease abundance for 
multiple songbird species across ecosystems.

•	 Songbird species that have lower frequency songs 
may avoid noise from oil and gas development, 
whereas species that rely on higher frequency 
songs or can adapt song features may be more 
tolerant of noise.

•	 Some songbird species experience increased 
physiological stress and reduced reproductive or 
nest success in noisy oil and gas fields.

•	 Traffic noise can negatively affect physiology, 
behavior, and reproduction of songbirds.
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4.3.2. Studies About How Oil and Gas Development Can 
Affect Songbirds and Other Small Avian Species

Many studies have investigated the effects of noise from 
oil and gas development on songbirds and communities of 
small avian species (table 5; refer to app. 2 for detailed results 
of studies by taxonomic group and community). Avian species 
and communities across habitats, including northern mixed-
grass prairie, sagebrush steppe, mixed Pinus spp. (pinyon) 
and Juniperus spp. (juniper) woodlands (hereafter, pinyon-
juniper woodlands), and boreal forest, demonstrate variable 
tolerance to noise (app. 2; table 2.1; Bayne and others, 2008; 
Kleist and others, 2017; Nenninger and Koper, 2018; Cinto 
Mejia and others, 2019). Kleist and others (2017) showed that 
noise levels were equally or more important than land cover 
classes in determining occupancy of an avian community 
in pinyon-juniper woodlands in northern New Mexico 
because of strong avoidance of noisy areas by half (2 of 4) 
of the study species. Bayne and others (2008) found that 
approximately one-third of species (7 of 23) in a boreal forest 
avian community in northern Alberta, Canada, showed some 
degree of avoidance of noise-producing compressor stations 
compared to quiet well pads, and Cinto Mejia and others 
(2019) found that 1 of 5 species in a sagebrush community 
had decreased abundance in response to compressor noise. 
The boreal and sagebrush studies found overall negative 
effects of noise on bird community density and abundance 
(Bayne and others, 2008; Cinto Mejia and others, 2019). 
Studies in mixed-grass prairie systems have shown varying 
results for abundance near different types of infrastructure 
among and within species (Nenninger and Koper, 2018; 
Rosa and Koper, 2022). Noise may have variable effects on 
songbirds in grassland habitats because of the heterogeneity 
of the natural acoustic environment caused by wind and other 
sounds, which may also facilitate adaptation to increased 
human-caused noise (Curry and others, 2018a; Nenninger and 
Koper, 2018).

Community-level effects of noise are driven by the 
noise tolerances of the individual species that comprise the 
community. The ability to tolerate noisy environments is 
associated with song spectral frequency (Francis and others, 
2011c). Human-caused noise is typically most intense at 
low spectral frequencies, and birds that have low-frequency 
vocalizations may be more affected by the masking effects of 
human-caused noise than species that have high-frequency 
vocalizations or species that rely less heavily on vocalizations 
(Francis and others, 2011b). Species that have lower 
frequency songs tend to avoid noisy areas (Francis, 2015) 
and experience some negative fitness consequences in noisier 
areas (Senzaki and others, 2020). In the context of oil and gas 
well development, Melospiza lincolnii (Lincoln's sparrow) 
was tolerant of industrial disturbance and high intensity, 
low-frequency noise but avoided areas that had high intensity, 
high-frequency noise that overlapped the frequency of its song 
(Sánchez and others, 2022). Other studies have demonstrated 
varying degrees of vocal plasticity among species in the 

presence of noise from well pad infrastructure (Francis 
and others, 2011a, c, 2012a; Curry and others, 2018a, b). 
In addition, one study found that physiological differences 
among individuals were associated with responsiveness to 
frequency-adjusted songs in the presence of pumpjacks (Curry 
and others, 2018b). However, in a sagebrush avian community, 
Cinto Mejia and others (2019) suggested that observed 
variation in species abundance in response to simulated noise 
was not associated with species song frequency.

Although many species tolerate noise, studies have found 
primarily negative or neutral reproductive and physiological 
effects of noise on species that nest in noisy areas (table 5). 
In one study, chronic noise was associated with stress 
hormone levels in multiple secondary cavity nesting species 
(Kleist and others, 2018). In the same study, increased noise 
was associated with reduced hatching success for Sialia 
mexicana (western bluebird), which was the most common 
species at noisy sites (Kleist and others, 2018). The authors 
suggested their results indicated an ecological trap where 
species tolerant of noise during nest site selection experienced 
negative downstream fitness consequences during nesting 
(Kleist and others, 2018). In another study, although noise did 
not affect nest site selection, Sialia sialis (eastern bluebird) 
and Tachycineta bicolor (tree swallow) experienced lower 
incubation rates and lower hatching success at noisy sites 
(Williams and others, 2021). In that study, noise was not 
associated with food provisioning or probability of hatched 
young fledging, and the authors of the study suggested 
that noise affected reproductive fitness primarily during 
the incubation phase, potentially because of reduced prey 
abundance or increased visual vigilance when foraging during 
the incubation phase (Williams and others, 2021).

Noise can also affect fitness by inducing behavioral 
effects during nesting, such as reduced pairing success 
(Habib and others, 2007), delayed territory defense (Kleist 
and others, 2016), reduced provisioning rates (Ng and others, 
2019) and incubation rates (Williams and others, 2021), 
and reduced antipredator behaviors when feeding nestlings 
(Antze and Koper, 2018). Fitness outcomes have included 
reduced hatching rates (Kleist and others, 2018; Williams 
and others, 2021) and physiological outcomes have included 
changes to stress hormone levels that indicated heightened 
stress loads (Curry and others, 2018b; Kleist and others, 
2018). In a mixed-grass prairie community, intermittent 
drilling noise was associated with decreased nest survival 
for Passerculus sandwichensis (savannah sparrow), Anthus 
spragueii (Sprague’s pipit), and Pooecetes gramineus 
(vesper sparrow; Rosa and Koper, 2022). Conversely, 
Bernath-Plaisted and Koper (2016) showed that savannah 
sparrow and vesper sparrow nesting success was lower at 
sites that had infrastructure and was not related to noise. 
Noise can also change predator dynamics; in a pinyon-juniper 
bird community, nest success was higher in noisy areas, 
likely because of observed reduced daily predation rates, 
especially from the common predator Aphelocoma californica 
(California scrub-jay; Francis and others, 2009).
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Table 5.  Effects of noise from oil and gas development on songbirds and other small avian species by type of effect and species or 
habitat community.

[The findings presented in this table are limited to the results of studies within the scope of this report; this table does not provide a comprehensive review of 
literature regarding each type of noise effect. kHz, kilohertz; <, less than; >, greater than; dB, decibel; spp., several species of]

Type of effect Species or habitat community Direction of effect of noise

Indicators of abundance, occupancy, habitat use, and species richness
Abundance Boreal forest avian community1 Negative; species-specific effects vary

Mixed-grass prairie avian community2,3 Negative; species-specific effects vary
Artemisia spp. (sagebrush) avian community4 Negative; species-specific effects vary

Occupancy Myiarchus cinerascens (ash-throated flycatcher)5 No effect
Empidonax wrightii (gray flycatcher)5 Negative
Vireo vicinior (gray vireo)6 No effect
Melospiza lincolnii (Lincoln’s sparrow)7 Negative at 2–8 kHz; no effect at 0.5–1 kHz
Vireo plumbeus (plumbeous vireo)6 No effect

Nest site use Secondary cavity nesting species in Pinus spp. 
(pinyon)-Juniperus spp. (juniper) woodlands8

Negative; species-specific effects vary

Mixed-grass prairie avian community9 No effect

Species richness Pinyon-juniper woodland avian community10 Negative; species-specific effects vary
Indicators of behavioral changes

Feeding latency Passerculus sandwichensis (savannah sparrow)11 Negative
Incubation rate Calcarius ornatus (chestnut-collared longspur)12 No effect

Sialia sialis (eastern bluebird)13 Negative
Tachycineta bicolor (tree swallow)13 Negative

Pairing success Seiurus aurocapilla (ovenbird)14 Negative
Provisioning rate Chestnut-collared longspur12 Negative for males

Eastern bluebird13 No effect
Tree swallow13 No effect

Territory defense Spizella passerina (chipping sparrow)15 Negative
Savannah sparrow16 Negative
Pipilo maculatus (spotted towhee)15 Negative

Vocalization adjustments Ash-throated flycatcher5 Increased minimum song spectral frequency; decreased 
song bandwidth

Centronyx bairdii (Baird’s sparrow)17 Increased peak song spectral frequency

Polioptila caerulea (blue-gray gnatcatcher)18 No effect

Gray flycatcher5 No effect

Gray vireo6 Increased maximum song spectral frequency, 
bandwidth, duration

Plumbeous vireo6 Increased minimum song spectral frequency; decreased 
song bandwidth, duration

Savannah sparrow16, 17, 19 Mixed effects on spectral frequency and tonality

Spotted towhee18 Increased peak song spectral frequency

Indicators of individual fitness and reproductive success
Adult body condition Ash-throated flycatcher20 No effect

Sialia currucoides (mountain bluebird)20 No effect
Sialia mexicana (western bluebird)20 No effect

Clutch size Chestnut-collared longspur3,12 No effect; positive
Eastern bluebird13 No effect
Savannah sparrow3 No effect
Tree swallow13 No effect

Fledging rate (per egg) Eastern bluebird13 Negative
Tree swallow13 Negative
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Table 5.  Effects of noise from oil and gas development on songbirds and other small avian species by type of effect and species or 
habitat community.—Continued

[The findings presented in this table are limited to the results of studies within the scope of this report; this table does not provide a comprehensive review of 
literature regarding each type of noise effect. kHz, kilohertz; <, less than; >, greater than; dB, decibel; spp., several species of]

Type of effect Species or habitat community Direction of effect of noise

Indicators of individual fitness and reproductive success—Continued
Fledging rate (per hatched egg) Eastern bluebird13 No effect

Tree swallow13 No effect
Hatch rate Ash-throated flycatcher20 No effect

Eastern bluebird13 Negative
Mountain bluebird20 No effect
Tree swallow13 Negative
Western bluebird20 Negative

Nest success (at least one fledgling) Pinyon-juniper woodland avian community10 Positive; species-specific effects vary
Chestnut-collared longspur12 No effect
Eastern bluebird13 No effect
Savannah sparrow21 No effect
Anthus spragueii (Sprague’s pipit)9 No effect
Tree swallow13 No effect
Pooecetes gramineus (vesper sparrow)9, 21 No effect

Nestling body condition Ash-throated flycatcher20 Positive at <70 dB; negative at >70 dB
Chestnut-collared longspur3 Positive
Mountain bluebird20 Positive at <70 dB; negative at >70 dB
Savannah sparrow3 Negative
Western bluebird20 Positive at <70 dB; negative at >70 dB

Indicators of physiological effects
Hormonal indicators of stress Ash-throated flycatcher20 Negative

Mountain bluebird20 Negative
Savannah sparrow16 Negative
Western bluebird20 Negative

1Bayne and others (2008).
2Nenninger and Koper (2018).
3Rosa and Koper (2022).
4Cinto Mejia and others (2019).
5Francis and others (2011c).
6Francis and others (2011a).
7Sánchez and others (2022).

8Kleist and others (2017).
9Sutter and others (2016).
10Francis and others (2009).
11Antze and Koper (2018).
12Ng and others (2019).
13Williams and others (2021).
14Habib and others (2007).

15Kleist and others (2016).
16Curry and others (2018b).
17Curry and others (2018a).
18Francis and others (2012a).
19Warrington and others (2018).
20Kleist and others (2018).
21Bernath-Plaisted and Koper (2016).



24    Effects of Noise from Oil and Gas Development on Raptors and Songbirds

Findings specific to noise complement additional 
literature that has demonstrated effects from the suite of 
physical and sensory disturbances common in oil and gas 
fields (Northrup and Wittemyer, 2013). Increased density of 
well pads is associated with decreased abundance for some 
sagebrush and grassland birds (Gilbert and Chalfoun, 2011; 
Hamilton and others, 2011), and decreased density of birds 
near edges of oil and gas development features has been 
shown for several grassland birds (Thompson and others, 
2015). Other studies have demonstrated effects to reproductive 
success because of habitat loss, increased predation, or 
increased cover of nonnative herbaceous plants in oil and gas 
fields (Hethcoat and Chalfoun, 2015a, b; Ludlow and others, 
2015; Farwell and others, 2019).

4.3.3. Studies About How Noise From Traffic Can Affect 
Songbirds and Other Small Avian Species

The effects of traffic noise have been widely studied 
for songbirds, especially in urban settings (Slabbekoorn and 
Ripmeester, 2008; Sordello and others, 2020). An increasing 
number of studies have measured the effects of traffic noise 
in rural and natural systems (McClure and others, 2013; Ware 
and others, 2015; McClure and others, 2017; Injaian and 
others, 2018). Traffic noise may affect songbird physiology, 
behavior, and reproductive success. For example, simulated 
road traffic noise played 6 hours every other day resulted in 
reduced vigilance in adult tree swallows, decreased nestling 
body size, and increased nestling physiological stress (Injaian 
and others, 2018).

Some studies have shown community-level effects of 
traffic noise on songbirds. Simulated road noise in mountain 
shrublands resulted in decreased abundance for 13 of 22 
commonly observed bird species when noise levels of the 
simulated road averaged 55 dBA, which was 11 dBA higher 
than background sound levels (McClure and others, 2013). 
Haemorhous cassinii (Cassin’s finch) was positively associated 
with the simulated road noise, whereas Bombycilla cedrorum 
(cedar waxwing) and Setophaga petechia (yellow warbler) 
avoided the road noise completely (McClure and others, 
2013). A follow-up study found that traffic noise led to lower 
body condition and stopover productivity for hatch-year and 
adult songbirds, and that younger birds avoided roads more 
than adults, which resulted in age-structure shifts across the 
community (McClure and others, 2017). In another study, 
more than one-third of migratory birds avoided simulated 
road noise (approximately 55 dBA), and when individuals 
remained in the noisy area, body condition decreased across 
the bird community, and a few species were unable to improve 
body condition during their migratory stopovers (Ware and 
others, 2015).

In addition to noise, roads are associated with many other 
well-studied effects to songbirds, such as habitat loss and 
fragmentation, mortality from vehicle collisions, air and water 
contamination, edge effects, and light at night (Kociolek and 
others, 2011).

4.3.4. Information Gaps Regarding the Effects of Noise 
From Oil and Gas Development on Songbirds and Other 
Small Avian Species

The studies synthesized in this report collectively show 
the potential for negative community-level, behavioral, and 
reproductive effects of noise from oil and gas development 
on various songbird species across boreal forest, mixed-grass 
prairie, pinyon-juniper, and sagebrush ecosystems. To build 
upon this existing body of work, further research that relates 
songbird responses to sound pressure levels across species 
could be useful for understanding thresholds for effects 
and identifying mitigation techniques. In addition, more 
information about the cumulative or interactive effects of 
noise with other environmental factors, such as changes 
to land cover or vegetation composition, may be needed. 
Finally, although many studies have shown negative fitness, 
reproductive, and physiological consequences, including 
increased stress, lower clutch sizes, or decreased parental 
care, research that measures theses effects throughout longer 
timeframes may inform understanding of community and 
ecosystem-level effects.

5. Mitigating the Effects of Noise From Oil and 
Gas Development on Raptors and Songbirds

Projects can be designed to help reduce noise emissions 
and the effects of noise from oil and gas development on 
birds. Techniques to reduce noise primarily entail adjusting 
the timing and spatial configuration of development or 

Section 5 Highlights

•	 Projects can be designed to help reduce noise 
emissions and the effects of noise from oil and 
gas development on birds.

•	 Approaches to mitigation could include the 
following:

o	 siting wells to take advantage of natural 
topographic and vegetation sound barriers,

o	 concentrating wells spatially,

o	 adding artificial sound barriers, such as walls 
around well pads or blankets or baffles on 
compressor stations,

o	 implementing seasonal or daily restrictions on 
oil and gas activity,

o	 reducing traffic volume and speed, and

o	 closing roads after completion of operations to 
prevent recreational use.
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adding supplementary components or structures to reduce 
sound propagation. Because of differences in species’ 
habitats, life history traits, and noise sensitivity, use of 
multiple approaches may be necessary to benefit a broader 
range of taxa (Blickley and Patricelli, 2010). Techniques to 
reduce noise can be applied prior to, during, and after various 
phases of oil and gas development to address different noise 
sources in and around a well pad through time.

5.1. Well Pad Siting and Infrastructure 
Considerations

Ortega (2012) and Keyel and others (2018) 
recommended considering landscape and habitat-specific 
features when planning the spatial configuration of well 
pads and infrastructure. These studies indicated that natural 
topographic and vegetation barriers may be useful for 
attenuating noise. Using hypothetical well locations, Keyel 
and others (2018) documented how sound propagation 
modeling can identify locations that optimize the use of 
topographic barriers to block noise. Differences in terrain 
at alternative well locations as little as 1 km from one 
another reduced the area of noise propagation by as much as 
65 percent for drilling noise and 35 percent for compressor 
station noise (Keyel and others, 2018).

Concentrating disturbance and minimizing new road 
construction can also shrink the noise footprint. Concentrating 
drilling operations at multiwell pads and placing well 
pads near existing roads may reduce total noise emissions 
(Thompson and others, 2015). Multiwell pads may also 
increase the efficiency of onsite physical noise attenuation 
measures such as sound barriers (Bayne and others, 2008); 
however, the high intensity of operations can cause high noise 
effects in the immediate vicinity (Allshouse and others, 2019). 
Installing remote liquid-gathering systems, such as pipelines, 
can reduce physical habitat disturbance, noise generated at 
a well pad, and the number of trucks needed to transport 
resources (Sawyer and others, 2009).

5.2. Sound Barriers
Sound reduction technology can take many forms, 

such as walls (fig. 6A, B), blankets, baffles, or vegetation. 
Installing sound barrier walls around centralized compressor 
stations can decrease the distance noise travels (Ekici and 
Bougdah, 2003; Radtke and others, 2017). For example, 
a study in a pinyon-juniper landscape showed that 
sound-reducing walls around compressors reduced the size of 
the affected soundscape by 70 percent, which resulted in nest 
success and occupancy levels similar to levels that would be 
expected in an area without compressors (Francis and others, 
2011d). In Colorado, drilling sites that had 9.8-m tall sound 
barrier walls had approximately 6 dBA lower sound levels 
(average 59 dBA across 3 sites) than sites without barriers 
(average 65 dBA across 4 sites), measured 107 m from the 

source (Radtke and others, 2017). Similarly, noise blankets 
on generators during drilling at natural gas well sites reduced 
sound levels approximately 4 dBA when measured 152 m 
and 305 m from the source (Witter and others, 2013).

Noise barriers can be placed at sound-deflecting angles 
and use construction materials that absorb sound (Ekici and 
Bougdah, 2003). Ishizuka and Fujiwara (2004) documented 
that 3-m high soft T-shaped barriers had the same effectiveness 
as 10-m high I-shaped barriers in blocking road traffic 
noise. Vegetation barriers or berms around noise producing 
infrastructure or near roadways may also absorb some sound, 
particularly in forested areas where higher leaf and stem 
density increase sound absorption potential (Slabbekoorn and 
Ripmeester, 2008).

5.3. Seasonal and Daily Timing Restrictions and 
Sound Level Thresholds

Seasonal and daily timing restrictions on oil and 
gas activity are a tool to minimize noise effects (among 
other disturbances) to wildlife during crucial life history 
stages, such as nesting, brood rearing, and wintering. For 
example, in a range-wide management plan for Centrocercus 
urophasianus (greater sage-grouse), the Bureau of Land 
Management (BLM) and U.S. Department of Agriculture 
Forest Service prohibited projects from creating greater 
than 10 dB increases above background sound levels at 
the perimeter of sage-grouse leks in the morning during 
the breeding season (BLM, 2015a, b; U.S. Department of 
Agriculture Forest Service, 2015a, b). However, relative 
noise exceedance thresholds can be challenging to implement 
because of the difficulty associated with measuring 
background sound levels in quiet environments, which can 
result in overestimation of the sound level at which effects to 
a species may occur (refer to section “2. Characterizing the 
Acoustic Environment”).

Absolute sound level thresholds are an alternative to 
relative noise exceedance thresholds. Absolute thresholds 
can provide stable, easily measurable mitigation targets that 
facilitate decision making by managers and industry operators, 
although thresholds for effects can be difficult to precisely 
determine for individual species and are highly variable among 
species (refer to apps. 1 and 2). Some studies may provide 
information about ecosystem-specific thresholds for specific 
species (for example, Ambrose and others, 2021). In another 
example, a range-wide conservation plan for Tympanuchus 
pallidicinctus (lesser prairie-chicken) recommended that noise 
from well pads and compressor stations in suitable habitat 
not exceed 75 dB measured 30 feet from a facility boundary 
(Van Pelt and others, 2013). The plan also suggested other 
seasonal and daily activity restrictions, although not noise 
specific, such as restricting nonemergency projects during the 
lekking and nesting season, and, if emergency projects must 
occur in the breeding season, requiring that activity not occur 
in the morning (Van Pelt and others, 2013).
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Figure 6.  A, Metal sound dampening walls around a natural gas compressor in Colorado. B, Taller padded sound barrier around a well 
pad in Colorado. [Photographs from Tait Rutherford and Patrick Anderson, U.S. Geological Survey.]
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In general, thresholds and timing restrictions are 
informed by species life history and phenology, past studies 
regarding effects, and decision-making processes to ensure 
such measures are protective for species and practicable for oil 
and gas operators and land managers.

5.4. Traffic Control

Because traffic noise is dependent on vehicle speed and 
road surface, measures to control these two variables can 
reduce noise effects on wildlife. Options include lowering 
speed limits and improving road surfaces (Shannon and others, 
2016). Both measures include tradeoffs. Lowering the speed 
of a vehicle increases the duration of the noise exposure for an 
animal in the area and results in a longer, lower intensity noise 
compared to a shorter, higher intensity noise. In addition, 
although improved road surfaces can reduce noise levels 
compared to vehicles traveling the same speed on a rougher 
road surface, they also allow for higher driving speeds, which 
can offset the intended noise reduction.

At the scale of an entire oil and gas field, management of 
total road length using road network planning, siting new well 
pads and infrastructure near existing roads, and concentrating 
development (for example, on multiwell pads) to limit new 
road construction are potential strategies to reduce overall 
traffic noise (Thompson and others, 2015). In addition, after 
oil and gas development, deconstructing roads during the 
reclamation process can limit future public access and reduce 
potential traffic noise effects (Northrup and others, 2021).

Methods for Developing This Science 
Synthesis

Rutherford and others (2023) introduced a methodology 
for developing science syntheses to inform analyses conducted 
under the NEPA. This and other syntheses build on that 
foundation and methodology and apply it to new topics of 
management concern on public lands in the Western United 
States. Therefore, relevant introductory and methods text from 
Rutherford and others (2023) is reproduced herein. In addition, 
this science synthesis covers many of the same bodies of 
science as Rutherford and others (2023), which addressed the 
effects of noise from oil and gas development on ungulates 
and small mammals. Much of the content of this report that 
is not specific to raptors and songbirds is reproduced from 
Rutherford and others (2023) and includes updates and 
refinements as appropriate. The following methods describe 
the literature searches conducted for this report, which overlap 
the searches conducted for Rutherford and others (2023).

We did a literature search to gather science about the 
effects of noise from oil and gas development on birds. We 
sought information relevant to NEPA analysis (Carter and 
others, 2023), including data about the acoustic environment, 

studies demonstrating effects of noise on birds, methods for 
analyzing potential effects, and the efficacy of management 
practices to reduce potential adverse effects. Our literature 
search had two components: (1) structured searches using 
a literature map and online databases and (2) snowballing 
(Wäldchen and Mäder, 2018) to identify literature for topics 
for which structured searches were not necessary.

First, we identified noise literature published prior to 
2019 using a recent systematic literature map (Sordello and 
others, 2020). The map includes a total of 1,794 peer reviewed 
and gray literature publications (Sordello and others, 2020). 
Using data provided by the authors, we filtered this literature 
map by taxonomic class (“birds”) and language (“English”), 
which resulted in 513 publications. We then manually 
filtered titles and abstracts to identify studies specific to the 
effects of noise from oil and gas development on raptors and 
songbirds. We focused on wild, terrestrial North American 
taxa potentially occurring on public lands, although we 
expected that the search would return potentially useful results 
for species not meeting these criteria. We reviewed studies not 
meeting these criteria if they were relevant to understanding 
noise effects from oil and gas development. We did not focus 
on greater sage-grouse and other gallinaceous birds (for 
example, quail and turkeys). Noise effects on sage-grouse 
have been addressed elsewhere in detail in the Federal land 
management context (Tull, 2015; Ambrose and others, 2021).

To find literature outside of the timeframe captured 
by Sordello and others (2020), we searched for literature 
published between January 1, 2019, and June 7, 2022 (date of 
search), using two citation indices (Web of Science, Scopus; 
accessed through the U.S. Geological Survey [USGS] Library) 
and two Federal Government publication databases (USGS 
ScienceBase and USGS Publications Warehouse; Kleist and 
Enns, 2021). We used the search phrase ([“anthropogenic 
noise” OR “anthropogenic sound” OR “noise pollution” OR 
“sound pollution”] AND [“bird*”]). This search returned 210 
publications. We then manually filtered titles and abstracts to 
identify studies specific to the effects of noise from oil and gas 
development on raptors and songbirds.

These structured searches of the Sordello and others 
(2020) literature map and online databases directly 
informed section “4. Potential Effects of Noise From Oil 
and Gas Development on Raptors and Songbirds” of this 
science synthesis, which addressed the core question of 
identifying potential relationships between noise from oil 
and gas development and birds. The structured searches 
also indirectly informed the other sections of this synthesis, 
which address the broader topics of understanding 
potential noise from oil and gas development (section “1. 
Characterizing Noise Caused by Oil and Gas Development”), 
collecting data to characterize an acoustic environment 
(section “2. Characterizing the Acoustic Environment”), 
modeling the spatial extent of the potential spread of noise 
from a proposed action (section “3. Methods for Predicting 



28    Effects of Noise from Oil and Gas Development on Raptors and Songbirds

Noise Occurrence on the Landscape”), and mitigating noise 
effects (section “5. Mitigating the Effects of Noise From Oil 
and Gas Development on Raptors and Songbirds”).

For sections 1, 2, 3, and 5, we gathered additional 
literature by snowballing (Wäldchen and Mäder, 2018) from 
key review articles and performing supplemental searches 
with online databases and search engines. These sections 
addressed broader topics, for which literature regarding core 
concepts was sufficient to inform their inclusion in a NEPA 
analysis. Substantial amounts of literature were available 
about each of these topics, but a structured search to review 
the broader literature was inessential to address the specific 
issue of the effects of noise from oil and gas development on 
raptors and songbirds.

We synthesized information returned in the structured 
searches and snowballing component according to our 
objective to inform NEPA analyses. Rather than reporting 
all the literature we found, we synthesize only the literature 
applicable to informing analyses of the potential effects of 
noise from oil and gas development projects on birds. As such, 
this synthesis does not constitute a comprehensive literature 
review of all effects of noise on songbirds and raptors. In 
addition, it is possible that our literature search methods 
missed some relevant studies.

Throughout the development of this report, we worked 
with staff from the BLM, U.S. Fish and Wildlife Service, and 
USGS to coproduce this report (Beier and others, 2017). We 
refined the structure and content of the report through close 
collaboration with multiple BLM staff throughout scoping, 
writing, and review.
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Glossary
acoustic environment  “sound at the 
receiver from all sound sources as modified 
by the environment.” (NPS, 2013a, p. 94)

background sound level  “the [sound] level 
in a given environment without contributions 
from the source of interest.” (Ambrose and 
others, 2021, p. 25)

completion  “The installation of permanent 
wellhead equipment for the production of oil 
and gas.” (Colorado Oil and Gas Conservation 
Commission, 2022)

decibel  “a logarithmic measure of acoustic 
intensity, calculated by 10 log10 (sound 
intensity/reference sound intensity).” (Barber 
and others, 2010, p. 180)

decibel weighting  “auditory weighting 
functions transform sound measurements to 
take into account the frequency-dependent 
aspects of auditory sensitivity. They are 
mathematical functions used to emphasize 
frequencies where animals (human and 
non-human) are more sensitive and 
de-emphasize frequencies where animals 
are less sensitive.” (Houser and others, 2017, 
p. 1371–1372)

drilling  “The using of a rig and crew for the 
drilling, suspension, completion, production 
testing, capping, plugging and abandoning, 
deepening, plugging back, sidetracking, 
redrilling or reconditioning of a well (except 
routine cleanout and pump or rod pulling 
operations) or the converting of a well to a 
source, injection, observation, or producing 
well, and including stratigraphic tests. Also 
includes any related environmental studies. 
Associated costs include completion costs but 
do not include equipping costs.” (Colorado Oil 
and Gas Conservation Commission, 2022)

equivalent sound level (Leq)  “the logarithmic 
average (i.e., on an energy basis) of 
sound pressure levels over a specific time 
period. ‘Energy averaged’ sound levels are 
logarithmic values, and as such are generally 
much higher than arithmetic averages. Leq 
values are typically calculated for a specific 
time period (1-hour and 12-hour time periods 
are often used). Leq values are computed from 
all of the 1-second Leq values for the specific 
time period. Leq must be used carefully in 
quantifying natural ambient sound levels 
because occasional loud sound levels may 
heavily influence (increase) the Leq value, 
even though sound levels for that period 
of time are typically lower.” (Ambrose and 
Florian, 2014, p. 13–14)

exceedance percentile (Lx)  “this metric 
is the sound pressure level (L), in decibels, 
exceeded x percent of the time for the 
specified measurement period. L50 is the 
sound pressure level exceeded 50 percent 
of the time (L50 is the same as the median).” 
(Ambrose and Florian, 2014, p. 14)
exploration phase  “The phase of operations 
which covers the search for oil and gas 
by carrying out detailed geological and 
geophysical surveys followed up where 
appropriate by exploratory drilling.” (Colorado 
Oil and Gas Conservation Commission, 2022)
field  “A geographical area under which an 
oil or gas reservoir lies.” (Colorado Oil and 
Gas Conservation Commission, 2022)
final reclamation  “To achieve final 
reclamation of a recently drilled dry hole, 
the well site must be recontoured to original 
contour or a contour that blends with the 
surrounding landform, stockpiled topsoil 
evenly redistributed, and the site revegetated. 
To achieve final reclamation of a formerly 
producing well, all topsoil and vegetation 
must be restriped from all portions of the old 
well site that were not previously reshaped 
to blend with the surrounding contour. All 
disturbed areas are then recontoured back 
to the original contour or a contour that 
blends with the surrounding landform, topsoil 
is redistributed, and the site revegetated.” 
(U.S. Department of the Interior and U.S. 
Department of Agriculture, 2007, p. 46–47)
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flaring  “A high-temperature oxidation 
process used to burn waste gases containing 
combustible components such as volatile 
organic compounds (VOCs), natural gas 
(or methane), carbon monoxide (CO), and 
hydrogen (H2). The waste gases are piped 
to a remote, usually elevated location, and 
burned in an open flame in ambient air using 
a specially designed burner tip, auxiliary fuel, 
and, in some cases, assist gases like steam 
or air to promote mixing for nearly complete 
(e.g. [for example], ≥ 98%) destruction of the 
combustible components in the waste gas.” 
(Sorrels and others, 2019, chap. 1, p. 1)

fracturing  “A method of breaking down 
a formation by pumping fluid at very high 
pressures. The objective is to increase 
production rates from a reservoir.” (Colorado 
Oil and Gas Conservation Commission, 2022)

frequency  “for a periodic signal, the 
maximum number of times per second that 
a segment of the signal is duplicated. For a 
sinusoidal signal, the number of cycles (the 
number of pressure peaks) in one second 
(Hz). Frequency equals the speed of sound 
(~340 ms−1) divided by wavelength.” (Barber 
and others, 2010, p. 180)

interim reclamation  “Interim reclamation 
consists of minimizing the footprint of 
disturbance by reclaiming all portions of 
the well site not needed for production 
operations. The portions of the cleared 
well site not needed for operational and 
safety purposes are recontoured to a final 
or intermediate contour that blends with the 
surrounding topography as much as possible. 
Sufficient level area remains for setup of 
a workover rig and to park equipment.” 
(U.S. Department of the Interior and U.S. 
Department of Agriculture, 2007, p. 45)

Lmax  “the maximum sound pressure level 
for a given period.” (Ambrose and Florian, 
2014, p. 14)

Lmin  “the minimum sound pressure level 
for a given period.” (Ambrose and Florian, 
2014, p. 14)

masking  “the amount or the process by 
which the threshold of detection for a sound is 
increased by the presence of the aggregate of 
other sounds.” (Barber and others, 2010, p. 180)

noise  “(a) Undesired sound. By extension, 
noise is any unwanted disturbance within a 
useful frequency band, such as undesired 
electric waves in a transmission channel or 
device. (b) Erratic, intermittent, or statistically 
random oscillation.” (Acoustical Society of 
America, undated, sec. 2.32)

sound  “(a) Oscillation in pressure, stress, 
particle displacement, particle velocity, etc., 
propagated in a medium with internal forces 
(e.g., elastic or viscous), or the superposition 
of such propagated oscillation. (b) Auditory 
sensation evoked by the oscillation described 
in (a).” (Acoustical Society of America, 
undated, sec. 2.01)

sound exposure level  “A level quantity 
often used for auditory damage risk criteria 
***. This metric takes both level and duration 
of sound into account. Sound exposure 
is the time integral of the square of the 
instantaneous sound pressure.” (Houser and 
others, 2017, p. 1375)

sound power  “For a specified sound source, 
sound energy radiated per unit of time. Unit, 
watt (W); symbols, W or P.” (Acoustical 
Society of America, undated, sec. 2.71)

sound power level  “Ten times the logarithm 
to the base ten of the ratio of a given sound 
power, in a stated frequency band, to the 
reference value for sound power.” (Acoustical 
Society of America, undated, sec. 3.07)

sound pressure  “sound pressure is the 
instantaneous difference between the actual 
pressure produced by a sound wave and 
the average barometric pressure at a given 
point in space. Not all pressure fluctuations 
detected by a microphone are sound (e.g., 
wind over the microphone). Sound pressure 
is measured in Pascals (Pa), Newtons per 
square meter, which is the metric equivalent 
of pounds per square inch.” (Ambrose and 
Florian, 2014, p. 14)

sound pressure level  “the logarithmic form 
of sound pressure. Generally, sound pressure 
level refers to unweighted sound pressure 
levels of one-third octave bands.” (Ambrose 
and Florian, 2014, p. 14)

surface reclamation  “A restoration of the 
surface as for productivity or usefulness.” 
(Colorado Oil and Gas Conservation 
Commission, 2022)
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Appendix 1.  Results of Studies About the Effects of Noise From Oil and Gas 
Development On Raptors

This appendix presents a table with the results of studies 
about the effects of noise from oil and gas development on 
raptors (table 1.1). All available studies focused on species in 
the family Strigidae (owls). The table is organized by species 
and provides information about the geographic and ecological 
context of the study and direction and intensity of effects 
found in the study, if any.
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Table 1.1.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Strigidae (owls).

[Findings from each study that are not specific to the effects of noise are not included in the table. dBA, A-weighted decibel; %, percent; ~, about; km2, square kilometer; dB, decibel; m, meter; >, greater than; <, less 
than; NA, not applicable]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Northern saw-whet owl (Aegolius acadicus)

Researchers simulated oil and gas well compressor noise between 
46 and 73 dBA.

Experimental conditions in 
field-placed flight tent

Increased noise levels decreased hunting 
success, prey detection, prey strike, and 
prey capture per strike.

The odds of a successful hunt decreased 
by 8% per 1 dBA increase. No hunting 
successes occurred in noise conditions 
>61 dBA.

Mason and others 
(2016)

Boreal owl (Aegolius funereus)

Researchers observed noise in an active oil and gas field. At the site 
scale (~2.5 km2 with a well pad in the center), noise treatments 
were categorical and included sites with chronic noise from 
compressors or oil processing plants, averaging ~82 dB and 
sites with intermittent noise from road traffic, averaging ~77 dB. 
Control sites had no human-caused noise, averaging ~74 dB. At 
the scale of an individual noise recording unit (radius of 800 m), 
sound level was analyzed as a continuous variable.

Upland boreal forest 
(Alberta, Canada)

Noise did not affect occupancy (measured 
at the site scale) or habitat use 
(measured at the recording unit scale). 
Increased noise was associated with a 
decrease in owl detection probability at 
the site and recording unit scales.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Detection 
probability decreased from >50% to 
<25% from quiet sites to chronic noise 
sites and from recording unit locations 
with <60 dB to locations with >110 dB.

Shonfield and 
Bayne (2017)

Burrowing owl (Athene cunicularia)

Researchers observed sound levels at owl locations in an active 
oil and gas field containing compressor stations, drilling 
machinery, and traffic noise. Noise was analyzed as a 
continuous variable.

Mixed-grass prairie 
(Alberta, Saskatchewan, 
Canada)

Surface disturbance and infrastructure 
were stronger predictors of owl space 
use than noise. Noise did not affect 
home range size.

Effects are assumed to be long-term 
because the study occurred in an oil 
and gas field subject to chronic noise.

Scobie and others 
(2016)

Great horned owl (Bubo virginianus)

Researchers observed noise in an active oil and gas field. At the site 
scale (~2.5 km2 with a well pad in the center), noise treatments 
were categorical and included sites with chronic noise from 
compressors or oil processing plants, averaging ~82 dB and 
sites with intermittent noise from road traffic, averaging ~77 dB. 
Control sites had no anthropogenic noise, averaging ~74 dB. At 
the scale of an individual noise recording unit (radius of 800 m), 
sound level was analyzed as a continuous variable.

Upland boreal forest 
(Alberta, Canada)

Noise did not affect occupancy (measured 
at the site scale), habitat use (measured 
at the recording unit scale), or detection 
probability (measured at both scales).

NA Shonfield and 
Bayne (2017)

Barred owl (Strix varia)

Researchers observed noise in an active oil and gas field. At 
the site scale (~2.5 km2 with a well pad in the center), noise 
treatments were categorical and included sites with chronic 
noise from compressors or oil processing plants, averaging 
~82 dB and sites with intermittent noise from road traffic, 
averaging ~77 dB. Control sites had no anthropogenic 
noise, averaging ~74 dB. At the scale of an individual noise 
recording unit (radius of 800 m), sound level was analyzed as a 
continuous variable.

Upland boreal forest 
(Alberta, Canada)

Noise did not affect occupancy (measured 
at the site scale) or habitat use 
(measured at the recording unit scale). 
Noise was associated with a slight 
decline in detection probability at the 
scale of individual recording units.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Recording 
units did not detect individuals in areas 
averaging more than 93 dB.

Shonfield and 
Bayne (2017)
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Appendix 2.  Results of Studies About the Effects of Noise From Oil and Gas 
Development On Songbirds and Other Small Avian Species

The tables in this appendix present the results of studies 
about the effects of noise from oil and gas development on 
songbirds and other small avian species. Table 2.1 provides 
results about the effects of noise from oil and gas development 
on avian communities. Tables 2.2–2.23 provide results about 
taxonomic families. Within each family table, rows are 
organized by species and listed alphabetically by scientific 
name. Each table provides information about the geographic 
and ecological context of the study and direction and intensity 
of effects found in the study, if any. Studies include forest, 
northern mixed grass prairie, Pinus spp. (pinyon)-Juniperus 
spp. (juniper), and Artemisia spp. (sagebrush) habitats.
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Table 2.1.  Brief findings from studies about the effects of noise from oil and gas development on avian communities in boreal forest, Pinus spp. (pinyon)-Juniperus spp. (juniper), 
and Artemisia spp. (sagebrush) habitats.

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; ha, hectare; %, percent; km2, square kilometer]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Passerine (Passeriformes) species community in boreal forest

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

The density of the passerine community 
was lowest at sites near compressor 
stations.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Density 
was 19 birds per 10 ha at sites near 
compressors, 22 birds per 10 ha at 
sites far from compressors, 32 birds 
per 10 ha at sites near quiet well pads, 
and 29 birds per 10 ha at sites far from 
quiet well pads.

Bayne and others 
(2008)

Pinyon-juniper bird community

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Noise did not affect community nest 
density. Sites with compressors had 
lower nesting species richness and 
different species composition than 
quiet well pads. Nest sites were farther 
from the well pad at study sites with 
compressors than at quiet well pads. 
Daily nest survival was higher at sites 
with compressors than quiet well pads. 
Sites with compressors had less nest 
predation than quiet will pads, and 
increases in noise level were associated 
with lower daily nest predation.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Thirty-two 
species nested at quiet well pad sites 
and 14 species were unique to quiet 
well pad sites, whereas 21 species 
nested at sites with compressors, 
and 3 species were unique to sites 
with compressors. Nest sites were an 
average of 222 m from the well pad at 
study sites with compressors and an 
average of 201 m from the well pad at 
quiet well pad study sites. Predation 
caused nest failure at 32% of nests at 
quiet well pad sites and 13% of sites 
with compressors. Daily nest survival 
was predicted to be 22% higher at 
sites with compressors compared to 
quiet well pad sites across a 23-day 
nest cycle.

Francis and 
others (2009)

Sagebrush bird community

Researchers simulated natural gas compressor noise at 6–8 
treatment sites and compared the effects to 6–7 control sites 
across a 100 km2 study area. Noise treatments were broadband 
50 m from the sound source (average 56 dBA), broadband 250 m 
from the sound source (average 46 dBA), narrowband 50 m from 
the sound source (average 58 dBA), and narrowband 250 m from 
the sound source (average 40 dBA). Average sound levels at 
control sites ranged from 31 to 37 dBA. Noise was analyzed as a 
categorical and continuous variable.

Sagebrush steppe (Idaho) Abundance was lower at sites subject to 
broadband treatments than at control 
sites. Abundance decreased with 
increased noise levels at broadband 
sites.

The effect was measured for the duration 
of the experiment, which occurred 
during the breeding season in 2 
consecutive years. Abundance was 
20% lower at broadband sites at 50 m 
and 250 m combined compared to 
control sites. Noise was associated 
with an 8% reduction in abundance per 
9 dBA at broadband sites.

Cinto Mejia and 
others (2019)
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Table 2.2.  Brief findings from studies about the effects of noise from oil and gas development on Psaltriparus minimus (bushtit; family Aegithalidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. dBA, A-weighted decibel]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise near well pads with (range of 
46–68 dBA) and without (range of 32–46 dBA) compressors in 
an active oil and gas field. Noise was analyzed as a categorical 
variable.

Pinus spp. (pinyon)-
Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Noise did not affect abundance. The 
number of nests was higher on sites 
with compressors compared to quiet 
well pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Francis and 
others (2011b)

Table 2.3.  Brief findings from studies about the effects of noise from oil and gas development on Eremophila alpetrsi (horned lark; family Alaudidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. km2, square kilometer; dBA, A-weighted decibel; m, meter; NA, not applicable]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers simulated natural gas compressor noise at 6–8 
treatment sites and compared the effects to 6–7 control sites 
across a 100 km2 study area. Noise treatments were broadband 
50 m from the sound source (average 56 dBA), broadband 
250 m from the sound source (average 46 dBA), narrowband 
50 m from the sound source (average 58 dBA), and narrowband 
250 m from the sound source (average 40 dBA). Average sound 
levels at control sites ranged from 31 to 37 dBA. Noise was 
analyzed as a categorical and continuous variable.

Artemisia spp. (sagebrush) 
steppe (Idaho)

Noise did not affect abundance. NA Cinto Mejia and 
others (2019)
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Table 2.4.  Brief findings from studies about the effects of noise from oil and gas development on Calcarius ornatus (chestnut-collared longspur; family Calcariidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. dBC, C-weighted decibel; m, meter; NA, not applicable; h/day, hour per day; %, percent; ha, hectares]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise at active well and gas compressor sites 
and control sites. Noise was estimated to range from 68 dBC 
to 78 dBC at sites with generator-powered pumpjacks, 59 to 
65 dBC at sites with grid-powered pumpjacks, 75.5 to 82.5 dBC 
at sites with generator-powered screwpumps, 57 to 61 dBC at 
sites with grid-powered screwpumps, and 79 to 85 dBC at sites 
with compressor stations. Control sites were quiet, inactive well 
pads that had sound levels estimated to range from 47 to 57 dBC.

Mixed-grass prairie 
(Alberta, Canada)

Noise treatment (active sites) did not 
affect nesting success.

NA Bernath-Plaisted 
and Koper 
(2016)

Researchers observed noise at active well sites and control sites. 
Noise was estimated to range from 62 to 73 dBC 10 m from 
wells. Control sites were quiet, inactive well pads. Sound 
levels were not reported for control sites.

Mixed-grass prairie 
(Alberta, Canada)

Noise treatment (active wells) did not 
affect abundance.

NA Nenninger and 
Koper (2018)

Researchers observed noise at active well and compressor station 
sites and control sites. Noise levels averaged 61–81 dBC 10 m 
from wells or compressors. Control sites were quiet, inactive 
well pads that had sound levels ranging from 47 to 57 dBC.

Mixed-grass prairie 
(Alberta, Canada)

Nocturnal attentiveness was lower at 
active sites compared to control sites. 
Males mate-provisioned more often 
at active sites compared to control 
sites. Males provisioned nestlings 
less often at active sites compared 
to control sites. Noise did not affect 
other indicators of nest attentiveness 
or nest success.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Ng and others 
(2019)

Researchers simulated three types of well pad noise at treatment 
sites and compared the effects to two types of control sites. 
Treatments included simulated drilling noise (84–92 dBC 
10 m from speaker) broadcasted 24 h/day for two 10-day 
periods, simulated generator-powered pumpjack noise 
(68–78 dBC 10 m from speaker) broadcasted for 24 h/day 
for approximately 95 days, and simulated grid-powered 
pumpjacks (59–65 dBC 10 m from speaker) broadcasted 
24 h/day for approximately 87 days. Control sites for noise 
treatments were quiet, infrastructure-only sites or sites 
without infrastructure (48–54 dBC).

Mixed-grass prairie 
(Alberta, Canada)

Abundance decreased near simulated 
drilling and grid-powered pumpjacks. 
Noise simulations did not affect nest 
success. Nestling body condition was 
greater at all noise sites and quiet 
infrastructure control sites compared 
to control sites without infrastructure 
across scales. Clutch sizes were larger 
at sites with simulated drilling noise and 
grid-powered pumpjack noise.

The effects of duration of noise (10-day 
drilling noise simulations compared 
to 87- and 95-day production noise 
simulations) were not described. 
Abundance declined approximately 
30% with increased proximity to 
simulated drilling and grid-powered 
pumpjack noise relative to quiet 
infrastructure sites. Abundance effects 
occurred in the immediate vicinity of 
simulated noise but not at the site scale 
(64.7 ha). Clutch sizes averaged 5.5 
eggs near simulated drilling noise and 
4 eggs at quiet infrastructure sites and 
control sites without infrastructure.

Rosa and Koper 
(2022)
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Table 2.5.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Cardinalidae (cardinals and grosbeaks).

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Rose-breasted grosbeak (Pheucticus ludovicianus)

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Individuals were less likely to occur at 
compressor sites compared to well 
pad sites. Density effects were not 
measured for this species.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Bayne and others 
(2008)

Black-headed grosbeak (Pheucticus melanocephalus)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Individuals strongly preferred quiet 
well pads more than study sites with 
compressors for nest site selection.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. All five 
observed nests were at quiet well pad 
study sites.

Francis and 
others (2009)

Researchers observed noise near well pads with (range of 46–68 dBA) 
and without (range of 32–46 dBA) compressors in an active oil and 
gas field. Noise was analyzed as a categorical variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Abundance was lower on sites with 
compressors compared to quiet well 
pads. The number of nests was lower 
on sites with compressors compared to 
quiet well pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Francis and 
others (2011b)

Western tanager (Piranga ludoviciana)

Researchers observed noise near well pads with (range of 
46–68 dBA) and without (range of 32–46 dBA) compressors 
in an active oil and gas field. Noise was analyzed as a 
categorical variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Abundance was lower on sites with com-
pressors compared to quiet well pads. The 
number of nests was lower on sites with 
compressors compared to quiet well pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Francis and 
others (2011b)

Table 2.6.  Brief findings from studies about the effects of noise from oil and gas development on Zenaida macroura (mourning dove; family Columbidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. dBA, A-weighted decibel]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels were not 
reported. Noise was analyzed as a categorical and continuous 
variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Individuals strongly preferred quiet 
well pads more than study sites with 
compressors for nest site selection.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Twenty-two of 
23 observed nests were at quiet well pad 
study sites.

Francis and 
others (2009)

Researchers observed noise near well pads with (range of 
46–68 dBA) and without (range of 32–46 dBA) compressors 
in an active oil and gas field. Noise was analyzed as a 
categorical variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Abundance was lower on sites with 
compressors compared to quiet well 
pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Francis and 
others (2011b)
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Table 2.7.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Corvidae (jays).

[Findings from each study that are not specific to the effects of noise are not included in the table. %, percent; dBC, C-weighted decibel; m, meter; dBA, A-weighted decibel; NA, not applicable]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

California scrub-jay (Aphelocoma californica)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Noise was negatively associated with 
occupancy.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Occupancy 
was predicted to be 32% higher at 
quiet well pad sites than at sites with 
compressors.

Francis and 
others (2009)

Researchers modeled noise for four development scenarios in an 
existing oil and gas field: (1) the existing development pattern, 
which included well sites with and without active compressors 
and no noise barriers; (2) the existing development pattern 
and noise barriers around wells with compressors, which 
would reduce noise levels from an average of 82 dBC to an 
average of 71 dBC 30 m from source; (3) a central compression 
station (meaning all compressors would be concentrated in 
a single point source) without barrier walls; and (4) a central 
compression station surrounded by a noise barrier.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Modeled occupancy was highest in 
scenario 2 with existing dispersed 
compressors and noise barriers. 
Modeled occupancy was second 
highest in scenario 4 with a central 
compression station surrounded by a 
noise barrier.

Effects are assumed to be long-term 
because the modeled noise is chronic 
compressor noise. Modeled occupancy 
was approximately 5% lower in 
scenarios without sound barriers.

Francis and 
others (2011d)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels at 
compressor sites were approximately 14 dBA greater than quiet 
well pads. Average sound levels were not reported for either 
treatment or control sites. Noise was analyzed as a categorical 
variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Individuals were observed removing 
pinyon seeds only at quiet well pads 
and never at sites with compressor 
stations.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Francis and 
others (2012b)

Canada jay (Perisoreus canadensis)

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)
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Table 2.9.  Brief findings from studies about the effects of noise from oil and gas development on Tachycineta bicolor (tree swallow; family Hirundinidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. ~, about; dBC, C-weighted decibel; %, percent]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers simulated natural gas compressor noise at treatment 
nest boxes and compared effects to control nest boxes. Sound 
levels were ~84 dBC at treatment nest boxes and ~55 dBC at 
control nest boxes.

Agricultural fields 
and woodlands 
(Pennsylvania)

Noisy sites had lower incubation rates, 
lower hatching success, and lower 
probability of eggs surviving to 
fledglings. Noise did not affect nest site 
selection, clutch size, food delivered per 
nestling, probability of hatched young 
fledging, or nest success.

Effects are assumed to be long-term 
because the simulated noise was 
continuous during the nesting period. 
The percentage of time spent incubating 
was 77% at control nest boxes and 72% 
at noisy nest boxes. The percentage of 
eggs that hatched was 97% at control 
nest boxes and 88% at noisy nest boxes. 
The percentage of eggs that survived 
to fledglings was 92% at control nest 
boxes and 83% at noisy nest boxes.

Williams and 
others (2021)

Table 2.8.  Brief findings from studies about the effects of noise from oil and gas development on Haemorhous mexicanus (house finch; family Fringillidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. dBA, A-weighted decibel]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Individuals strongly preferred study sites 
with compressors more than quiet well 
pads for nest site selection.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Twenty-nine 
of 31 observed nests were at study sites 
with compressors.

Francis and 
others (2009)

Researchers observed noise near well pads with (range of 
46–68 dBA) and without (range of 32–46 dBA) compressors in 
an active oil and gas field. Noise was analyzed as a categorical 
variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Abundance was higher on sites with 
compressors compared to quiet well 
pads. The number of nests was higher 
on sites with compressors compared to 
quiet well pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Francis and 
others (2011b)
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Table 2.10.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Icteridae (blackbirds).

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; km2, square kilometer; dBA, A-weighted decibel; NA, not applicable; dBC, C-weighted decibel]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Brown-headed cowbird (Molothrus ater)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Parasitized nests were farther from the well 
pad at study sites with compressors than 
at quiet well pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Parasitized 
nest sites were an average of 298 m 
from the well pad at study sites with 
compressors and an average of 172 m 
from the well pad at quiet well pads.

Francis and 
others (2009)

Western meadowlark (Sturnella neglecta)

Researchers simulated natural gas compressor noise at 6–8 
treatment sites and compared effects to 6–7 control sites across 
a 100 km2 study area. Noise treatments were broadband 50 m 
from the sound source (average 56 dBA), broadband 250 m 
from the sound source (average 46 dBA), narrowband 50 m 
from the sound source (average 58 dBA), and narrowband 
250 m from the sound source (average 40 dBA). Average sound 
levels at control sites ranged from 31 to 37 dBA. Noise was 
analyzed as a categorical and continuous variable.

Artemisia spp. (sagebrush) 
steppe (Idaho)

Noise did not affect abundance. NA Cinto Mejia and 
others (2019)

Researchers observed noise at active well sites and control sites. 
Noise was estimated to range from 62 to 73 dBC 10 m from 
wells. Control sites were quiet, inactive well pads. Sound levels 
were not reported for control sites.

Mixed-grass prairie 
(Alberta, Canada)

Noise treatment (active wells) did not 
affect abundance.

NA Nenninger and 
Koper (2018)

Table 2.11.  Brief findings from studies about the effects of noise from oil and gas development on Oreoscoptes montanus (sage thrasher; family Mimidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. km2, square kilometer; dBA, A-weighted decibel; m, meter; NA, not applicable]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers simulated natural gas compressor noise at 6–8 
treatment sites and compared effects to 6–7 control sites 
across a 100 km2 study area. Noise treatments were broadband 
50 m from the sound source (average 56 dBA), broadband 
250 m from the sound source (average 46 dBA), narrowband 
50 m from the sound source (average 58 dBA), and 
narrowband 250 m from the sound source (average 40 dBA). 
Average sound levels at control sites ranged from 31 to 
37 dBA. Noise was analyzed as a categorical and continuous 
variable.

Artemisia spp. (sagebrush) 
steppe (Idaho)

Noise did not affect abundance. NA Cinto Mejia and 
others (2019)
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Table 2.12.  Brief findings from studies about the effects of noise from oil and gas development on Anthus spragueii (Sprague’s pipit; family Motacillidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. dBC, C-weighted decibel; NA, not applicable; m, meter; h/day, hour per day; %, percent]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise at active well and gas compressor 
sites and control sites. Noise was estimated to range from 
68 to 78 dBC at sites with generator-powered pumpjacks, 
59 to 65 dBC at sites with grid-powered pumpjacks, 75.5 to 
82.5 dBC at sites with generator-powered screwpumps, 57 
to 61 dBC at sites with grid-powered screwpumps, and 79 to 
85 dBC at sites with compressor stations. Control sites were 
quiet, inactive well pads that had sound levels estimated to 
range from 47 to 57 dBC.

Mixed-grass prairie 
(Alberta, Canada)

Noise treatment (active sites) did not 
affect nesting success.

NA Bernath-Plaisted 
and Koper 
(2016)

Researchers observed noise at active well sites and control sites. 
Noise was estimated to range from 62 to 73 dBC 10 m from 
wells. Control sites were quiet, inactive well pads. Sound levels 
were not reported for control sites.

Mixed-grass prairie 
(Alberta, Canada)

Noise treatment (active wells) did not 
affect abundance.

NA Nenninger and 
Koper (2018)

Researchers simulated three types of well pad noise at treatment 
sites and compared the effects to two types of control sites. 
Treatments included simulated drilling noise (84–92 dBC 
10 m from speaker) broadcasted 24 h/day for two 10-day 
periods, simulated generator-powered pumpjack noise 
(68–78 dBC 10 m from speaker) broadcasted for 24 h/day for 
approximately 95 days, and simulated grid-powered pumpjacks 
(59–65 dBC 10 m from speaker) broadcasted 24 h/day for 
approximately 87 days. Control sites for noise treatments were 
quiet, infrastructure-only sites or sites without infrastructure 
(48–54 dBC).

Mixed-grass prairie 
(Alberta, Canada)

Noise simulations did not affect 
abundance relative to quiet, 
infrastructure-only sites. Nest success 
decreased across sites with simulated 
drilling noise. Nestling body condition 
and clutch size were not measured for 
this species.

Effects on nest success occurred during 
the 10-day noise simulation. Nest 
success was approximately 85% lower 
at sites with simulated drilling noise 
relative to all other sites.

Rosa and Koper 
(2022)
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Table 2.13.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Paridae (chickadees and titmice).

[Findings from each study that are not specific to the effects of noise are not included in the table. dBF, flat frequency response; NA, not applicable; m, meter; dBA, A-weighted decibel]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Juniper titmouse (Baeolophus ridgwayi)

Researchers observed noise near well pads with (average 71 dBF) 
and without (average 60 dBF) compressors in an active oil and 
gas field. Noise was analyzed as a continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Noise did not affect nest site selection. NA Kleist and others 
(2017)

Black-capped chickadee (Poecile atricapillus)

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)
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Table 2.14.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Parulidae (New World warblers).

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; NA, not applicable; %, percent]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Mourning warbler (Geothlypis philadelphia)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)

Tennessee warbler (Leiothlypis peregrina)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect density or occupancy. NA Bayne and others 
(2008)

Black-and-white warbler (Mniotilta varia)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)

Connecticut warbler (Oporornis agilis)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)

Ovenbird (Seiurus aurocapilla)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect density or occupancy. NA Bayne and others 
(2008)

Researchers observed noise in an active oil and gas field. The 
study included treatment sites around active compressor 
stations and control sites around quiet well pads. Sound levels 
were not reported.

Upland boreal forest 
(Alberta, Canada)

Noisy sites were associated with lower 
pairing success of male individuals 
compared to control sites. Young males 
were a greater proportion of the total 
males occupying noisy sites compared 
to control sites.

Effects are assumed to be long-term be-
cause the study occurred at sites subject 
to chronic noise. Pairing success was 
92% at control sites and 77% at noisy 
sites. The proportion of young males 
was 30% at control sites and 48% at 
noisy sites.

Habib and others 
(2007)
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Table 2.14.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Parulidae (New World warblers).—Continued

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; NA, not applicable; %, percent]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Yellow-rumped warbler (Setophaga coronata)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Density was lower at compressor sites 
compared to quiet well pad sites. 
Individuals were less likely to occur 
at compressor sites compared to well 
pad sites.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Bayne and others 
(2008)

Magnolia warbler (Setophaga magnolia)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)

Black-throated gray warbler (Setophaga nigrescens)
Researchers observed noise near well pads with and without 

compressors in an active oil and gas field. Sound levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Individuals nested farther from the well 
pad at study sites with compressors 
than at quiet well pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Nest sites were 
an average of 286 m from the well pad 
at study sites with compressors and an 
average of 189 m from the well pad at 
quiet well pad study sites.

Francis and 
others (2009)

Yellow warbler (Setophaga petechia)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)

American redstart (Setophaga ruticilla)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Individuals were less likely to occur at 
compressor sites compared to well 
pad sites. Density effects were not 
measured for this species.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Bayne and others 
(2008)
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Table 2.15.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Passerellidae (New World sparrows and towhees).

[Findings from each study that are not specific to the effects of noise are not included in the table. km2, square kilometer; dBA, A-weighted decibel; m, meter; NA, not applicable; dBC, C-weighted decibel; ha, 
hectare; kHz, kilohertz; h/day, hour per day; %, percent; Hz, hertz; dBZ, Z-weighted decibel; ~, about; ≤, less than or equal to]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Sagebrush sparrow (Artemisiospiza nevadensis)

Researchers simulated natural gas compressor noise at 6–8 treatment 
sites and compared the effects to 6–7 control sites across a 
100 km2 study area. Noise treatments were broadband 50 m 
from the sound source (average 56 dBA), broadband 250 m from 
the sound source (average 46 dBA), narrowband 50 m from the 
sound source (average 58 dBA), and narrowband 250 m from 
the sound source (average 40 dBA). Average sound levels at 
control sites ranged from 31 to 37 dBA. Noise was analyzed as a 
categorical and continuous variable.

Artemisia spp. (sagebrush) 
steppe (Idaho)

Noise did not affect abundance. NA Cinto Mejia and 
others (2019)

Baird’s sparrow (Centronyx bairdii)

Researchers simulated drilling noise for 10 days at three sites 
without noise-producing infrastructure and compared the effects 
to pretreatment and post-treatment periods. Noise levels at 
treatment sites averaged 88 dBC 10 m from the speaker.

Mixed-grass prairie 
(Alberta, Canada)

Individuals adjusted songs during the 
noise treatment, with shifts to increase 
song sound level when singing at lower 
frequencies.

Effects occurred during the 10-day 
duration of the noise simulation. Five 
of eight song syllables and song type 
changed in the presence of noise.

Curry and others 
(2018a)

Researchers observed noise at active well sites and control sites. 
Noise was estimated to range from 62 to 73 dBC 10 m from 
wells. Control sites were quiet, inactive well pads. Sound levels 
were not reported for control sites.

Mixed-grass prairie 
(Alberta, Canada)

Noise treatment (active wells) did not 
affect abundance.

NA Nenninger and 
Koper (2018)

Lincoln’s sparrow (Melospiza lincolnii)
Researchers deployed sound recording units arranged in a 

3,600-ha grid at three sites across a gradient of oil and gas 
development. Absolute sound levels were not reported.

Upland boreal forest 
(Alberta, Canada)

Occupancy was high in areas with 
greater vegetation disturbance and 
earlier age-class forest but decreased 
with increased sound level of high 
frequency sound bands (2–8 kHz). 
Sound level of low frequency sound 
bands (0.5–1 kHz) did not affect 
occupancy.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. High 
frequency noise had a slight negative 
effect on occupancy. Occupancy 
estimates at higher sound levels had 
high variability.

Sánchez and 
others (2022)

Savannah sparrow (Passerculus sandwichensis)

Researchers observed noise at active well and gas compressor 
sites and control sites. Noise levels measured at grid-powered 
screwpumps were approximately 55 dBA (59 dBC) 10 m 
from the source, at generator-powered screwpumps were 
approximately 68 dBA (79 dBC) 10 m from the source, 
and at compressor stations were approximately 69 dBA 
(82 dBC) 10 m from the source. Sound levels at control 
sites were approximately 33 dBA (52 dBC). Sound level 
was also analyzed as a continuous variable regardless of site 
and compared across categories of frequencies, including 
broadband (0–24,000 Hz), low (0–3,000 Hz), and high 
(3,000–12,000 Hz).

Mixed-grass prairie 
(Alberta, Canada)

In the presence of compressor stations, 
individuals reduced delay in returning to 
nests to feed in response to conspecific 
alarm calls and control (Sturnella 
neglecta [western meadowlark]) calls 
compared to control sites. Baseline 
feeding latency (without alarm or 
predator calls) decreased at compressor 
stations. Feeding latency increased in 
response to control calls with increased 
noise levels.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Antze and Koper 
(2018)
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Table 2.15.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Passerellidae (New World sparrows and towhees).—Continued

[Findings from each study that are not specific to the effects of noise are not included in the table. km2, square kilometer; dBA, A-weighted decibel; m, meter; NA, not applicable; dBC, C-weighted decibel; ha, 
hectare; kHz, kilohertz; h/day, hour per day; %, percent; Hz, hertz; dBZ, Z-weighted decibel; ~, about; ≤, less than or equal to]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Savannah sparrow (Passerculus sandwichensis)—Continued

Researchers observed noise at active well and gas compressor 
sites and control sites. Noise was estimated to range from 
68 to 78 dBC at sites with generator-powered pumpjacks, 
59 to 65 dBC at sites with grid-powered pumpjacks, 75.5 to 
82.5 dBC at sites with generator-powered screwpumps, 57 
to 61 dBC at sites with grid-powered screwpumps, and 79 to 
85 dBC at sites with compressor stations. Control sites were 
quiet, inactive well pads that had sound levels estimated to 
range from 47 to 57 dBC.

Mixed-grass prairie 
(Alberta, Canada)

Noise treatment (active sites) did not 
affect nesting success.

NA Bernath-Plaisted 
and Koper 
(2016)

Researchers simulated drilling noise for 10 days at 3 sites 
without noise-producing infrastructure and compared effects 
to pre-treatment and post-treatment periods. Noise levels at 
treatment sites averaged 88 dBC 10 m from the speaker.

Mixed-grass prairie 
(Alberta, Canada)

Individuals adjusted songs by increasing 
song frequency during the noise 
simulation.

Effects occurred during the 10-day 
duration of the noise simulation.

Curry and others 
(2018a)

Researchers recorded variation in individuals’ responses to song 
simulations based on the presence of noise in an active oil and 
gas field at sites within 400 m of pumpjacks, sites within 400 m 
of screw pumps, and control sites farther than 800 m from 
wells. Song simulations were recorded at sites with simulated 
drilling noise (average of 88 dBC 10 m from speaker) and 
control sites with no noise-producing infrastructure.

Mixed-grass prairie 
(Alberta, Canada)

Simulated noise-adjusted songs produced 
more calls and fewer attacks and wing 
flicks at control sites than unadjusted 
songs at control sites and similar 
responses at noisy sites compared to 
simulated unadjusted songs at control 
sites. Simulated unadjusted songs 
produced different responses at noisy 
sites compared to control sites. Stress 
response was higher near pumpjacks 
compared to screwpumps or control 
sites. Individuals with a greater stress 
response benefited more from song 
adjustment at pumpjacks but not 
screwpumps.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Variable 
intensity of effect for behavioral 
and stress changes by treatment 
combination.

Curry and others 
(2018b)

Researchers observed noise at active well sites and control sites. 
Noise was estimated to range from 62 to 73 dBC 10 m from 
wells. Control sites were quiet, inactive well pads. Sound levels 
were not reported for control sites.

Mixed-grass prairie 
(Alberta, Canada)

Noise treatment (active wells) did not 
affect abundance.

NA Nenninger and 
Koper (2018)
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Table 2.15.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Passerellidae (New World sparrows and towhees).—Continued

[Findings from each study that are not specific to the effects of noise are not included in the table. km2, square kilometer; dBA, A-weighted decibel; m, meter; NA, not applicable; dBC, C-weighted decibel; ha, 
hectare; kHz, kilohertz; h/day, hour per day; %, percent; Hz, hertz; dBZ, Z-weighted decibel; ~, about; ≤, less than or equal to]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Savannah sparrow (Passerculus sandwichensis)—Continued
Researchers simulated three types of well pad noise at treatment 

sites and compared the effects to two types of control sites. 
Treatments included simulated drilling noise (84–92 dBC 
10 m from speaker) broadcasted 24 h/day for two 10-day 
periods, simulated generator-powered pumpjack noise 
(68–78 dBC 10 m from speaker) broadcasted for 24 h/day for 
approximately 95 days, and simulated grid-powered pumpjacks 
(59–65 dBC 10 m from speaker) broadcasted 24 h/day for 
approximately 87 days. Control sites for noise treatments were 
quiet, infrastructure-only sites or sites without infrastructure 
(48–54 dBC).

Mixed-grass prairie 
(Alberta, Canada)

Abundance decreased with simulated 
drilling noise. Nest success decreased 
across sites with simulated drilling 
noise. Nestling body condition 
decreased with increased proximity 
to simulated drilling noise. Noise 
simulations did not affect clutch size.

Effects on nest success occurred 
during the 10-day noise simulation. 
Abundance was approximately 30% 
lower with simulated drilling noise 
relative to quiet infrastructure sites 
and control sites. Abundance effects 
occurred at all spatial scales (local and 
site). Nest success was approximately 
35% lower at sites with simulated 
drilling noise relative to all other sites. 
Nestling body condition was lower 
near simulated drilling noise relative to 
all other locations near all other noise 
treatments and quiet sites.

Rosa and Koper 
(2022)

Researchers observed noise at active well and gas compressor sites 
and control sites. Noise levels measured at generator-powered 
screw pumps were 80–90 dBZ less than 10 m from the 
source, at compressor stations were 75–80 dBZ less than 
10 m from the source, and at grid-powered screw pumps and 
generator-powered pumpjacks were 55–80 dBZ less than 10 m 
from the source. Control sites were located at least 800 m away 
from infrastructure. Sound levels were not reported for control 
sites. The effects model included sound level as a continuous 
variable and infrastructure type as a categorical variable.

Mixed-grass prairie 
(Alberta, Canada)

Increases in the minimum frequency of 
songs were associated with increasing 
ambient sound levels. Noise did not 
affect song maximum frequency. Song 
syllables shifted in the presence of 
noise. Song features changed at all 
noise-producing infrastructure types 
and had the highest degree of change at 
generator-powered screw pumps.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Song 
minimum frequency increased 
approximately 13 Hz per 1 dBZ 
increase in ambient sound level. Three 
song syllables shifted substantially in 
the presence of noise. High frequency 
syllables increased in bandwidth 
approximately 17–26 Hz per 1 dBZ 
increase in ambient sound level. The 
lowest frequency syllable increased in 
bandwidth approximately 11–15 Hz per 
1 dBZ increase in ambient sound level. 
One higher frequency syllable became 
quieter by approximately 0.3 dBZ with 
increasing ambient sound level.

Warrington and 
others (2018)

Spotted towhee (Pipilo maculatus)
Researchers observed noise near well pads with and without 

compressors in an active oil and gas field. Sound levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Individuals nested farther from the well 
pad at study sites with compressors 
than at quiet well pads. Increases in 
noise level were associated with lower 
daily nest predation.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Nest sites were 
an average of 268 m from the well pad 
at study sites with compressors and an 
average of 157 m from the well pad at 
quiet well pad sites.

Francis and 
others (2009)
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Table 2.15.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Passerellidae (New World sparrows and towhees).—Continued

[Findings from each study that are not specific to the effects of noise are not included in the table. km2, square kilometer; dBA, A-weighted decibel; m, meter; NA, not applicable; dBC, C-weighted decibel; ha, 
hectare; kHz, kilohertz; h/day, hour per day; %, percent; Hz, hertz; dBZ, Z-weighted decibel; ~, about; ≤, less than or equal to]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Spotted towhee (Pipilo maculatus)—Continued
Researchers observed noise near well pads with (46–68 dBA) and 

without (32–46 dBA) compressors in an active oil and gas field. 
Noise was analyzed as a continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Noise did not affect occupancy. Noise 
was associated with an increased peak 
frequency of songs but did not affect 
peak frequency of the lowest note of 
songs.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Peak 
frequency of songs increased by 314 
Hz per 10 dBA.

Francis and 
others (2012a)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels ranged 
from ~35 to 52 dBA across all study sites. Noise was analyzed 
as a continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Increased noise was correlated with 
delayed and reduced territory defense 
behavior (slower vocal response, fewer 
vocalizations, and slower movement 
toward an intruder) in males in the 
presence of a simulated intraspecific 
competitor’s song.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Apparent 
masking effects occurred at 17 m from 
study individuals when surrounding 
noise levels were ≤52 dBA.

Kleist and others 
(2016)

Vesper sparrow (Pooecetes gramineus)
Researchers observed noise at active well and gas compressor 

sites and control sites. Noise was estimated to range from 
68 to 78 dBC at sites with generator-powered pumpjacks, 
59 to 65 dBC at sites with grid-powered pumpjacks, 75.5 to 
82.5 dBC at sites with generator-powered screwpumps, 57 
to 61 dBC at sites with grid-powered screwpumps, and 79 to 
85 dBC at sites with compressor stations. Control sites were 
quiet, inactive well pads that had sound levels estimated to 
range from 47 to 57 dBC.

Mixed-grass prairie 
(Alberta, Canada)

Noise treatment (active sites) did not 
affect nesting success.

NA Bernath-Plaisted 
and Koper 
(2016)

Researchers simulated three types of well pad noise at treatment 
sites and compared the effects to two types of control sites. 
Treatments included simulated drilling noise (84–92 dBC 
10 m from speaker) broadcasted 24 h/day for two 10-day 
periods, simulated generator-powered pumpjack noise 
(68–78 dBC 10 m from speaker) broadcasted for 24 h/day for 
approximately 95 days, and simulated grid-powered pumpjacks 
(59–65 dBC 10 m from speaker) broadcasted 24 h/day for 
approximately 87 days. Control sites for noise treatments were 
quiet, infrastructure-only sites or sites without infrastructure 
(48–54 dBC).

Mixed-grass prairie 
(Alberta, Canada)

Noise simulations did not affect 
abundance relative to quiet 
infrastructure sites. Noise simulations 
did not affect nest success relative to 
control sites. Nestling body condition 
and clutch size were not measured for 
this species.

NA Rosa and Koper 
(2022)
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Table 2.15.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Passerellidae (New World sparrows and towhees).—Continued

[Findings from each study that are not specific to the effects of noise are not included in the table. km2, square kilometer; dBA, A-weighted decibel; m, meter; NA, not applicable; dBC, C-weighted decibel; ha, 
hectare; kHz, kilohertz; h/day, hour per day; %, percent; Hz, hertz; dBZ, Z-weighted decibel; ~, about; ≤, less than or equal to]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Brewer’s sparrow (Spizella breweri)
Researchers simulated natural gas compressor noise at 6–8 

treatment sites and compared effects to 6–7 control sites across 
a 100 km2 study area. Noise treatments were broadband 50 m 
from the sound source (average 56 dBA), broadband 250 m 
from the sound source (average 46 dBA), narrowband 50 m 
from the sound source (average 58 dBA), and narrowband 
250 m from the sound source (average 40 dBA). Average sound 
levels at control sites ranged from 31 to 37 dBA. Noise was 
analyzed as a categorical and continuous variable.

Sagebrush steppe (Idaho) Abundance was lower at sites subject to 
broadband and narrowband treatments 
than at control sites. Abundance 
decreased with increased noise levels 
at broadband and narrowband sites.

The effect was measured for the duration 
of the experiment, which occurred 
during the breeding season in 2 
consecutive years. Abundance was 
30% lower at narrowband sites at 50 m, 
52% lower at broadband sites at 50 m, 
and 13% lower at broadband sites at 
250 m compared to control sites. Noise 
was associated with a 15% reduction 
in abundance per 9 dBA at narrowband 
sites and a 17% reduction per 9 dBA at 
broadband sites.

Cinto Mejia and 
others (2019)

Chipping sparrow (Spizella passerina)
Researchers observed noise in an active oil and gas field. The 

study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Noise levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Increases in noise level were associated 
with lower daily nest predation.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Francis and 
others (2009)

Researchers observed noise near well pads with (range of 
46–68 dBA) and without (range of 32–46 dBA) compressors 
in an active oil and gas field. Noise was analyzed as a 
categorical variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Noise did not affect abundance or the 
number of nests.

NA Francis and 
others (2011b)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels ranged 
from ~35 to 52 dBA across all study sites. Noise was analyzed 
as a continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Noise was associated with delayed and 
reduced territory defense behavior 
(slower vocal response, fewer 
vocalizations, and slower movement 
toward an intruder) in males in the 
presence of a simulated intraspecific 
competitor’s song.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Apparent 
masking effects occurred at 17 m from 
study individuals when surrounding 
noise levels were ≤52 dBA.

Kleist and others 
(2016)

White-throated sparrow (Zonotrichia albicollis)
Researchers observed noise in an active oil and gas field. 

Treatments included four noise categories: sound levels near 
to (100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Density was lower at compressor sites 
compared to quiet well pad sites. Site 
did not affect occupancy.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Density was 
0.5–0.7 birds per 10 ha at compressor 
sites and 1.5–1.8 birds per 10 ha at 
quiet well pad sites.

Bayne and others 
(2008)
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Table 2.16.  Brief findings from studies about the effects of noise from oil and gas development on Polioptila caerulea (blue-gray gnatcatcher; family Polioptilidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. dBA, A-weighted decibel; NA, not applicable]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise near well pads with (46–68 dBA) and 
without (32–46 dBA) compressors in an active oil and gas field. 
Noise was analyzed as a continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Noise did not affect occupancy or song 
frequency.

NA Francis and 
others (2012a)

Table 2.17.  Brief findings from studies about the effects of noise from oil and gas development on Corthylio calendula (ruby-crowned kinglet; family Regulidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; NA, not applicable]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)

Table 2.18.  Brief findings from studies about the effects of noise from oil and gas development on Sitta canadensis (red-breasted nuthatch; family Sittidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Individuals were less likely to occur at 
compressor sites compared to well 
pad sites. Density effects were not 
measured for this species.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Bayne and others 
(2008)
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Table 2.19.  Brief findings from studies about the effects of noise from oil and gas development on Archilochus alexandri (black-chinned hummingbird; family Trochilidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. dBA, A-weighted decibel]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Individuals strongly preferred study sites 
with compressors more than quiet well 
pads for nest site selection.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Thirty-six of 
39 observed nests were at study sites 
with compressors.

Francis and 
others (2009)

Researchers observed noise near well pads with (range of 
46–68 dBA) and without (range of 32–46 dBA) compressors in 
an active oil and gas field. Noise was analyzed as a categorical 
variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Abundance and the number of nests 
were higher on sites with compressors 
compared to quiet well pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise.

Francis and 
others (2011b)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels at 
compressor sites were approximately 12 dBA greater than quiet 
well pads. Average sound levels were not reported for either 
treatment or control sites. Noise was analyzed as a categorical 
variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Individuals were more commonly 
observed pollinating flowers in study 
sites with compressors than at quiet 
well pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Pollination 
observations were five times 
more frequent at study sites with 
compressors.

Francis and 
others (2012b)

Table 2.20.  Brief findings from studies about the effects of noise from oil and gas development on Troglodytes hiemalis (winter wren; family Troglodytidae).

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; NA, not applicable]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)
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Table 2.21.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Turdidae (thrushes).

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; NA, not applicable; dBF, flat frequency response; ~, about; dBC, 
C-weighted decibel; %, percent]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Hermit thrush (Catharus guttatus)

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density effects 
were not measured for this species.

NA Bayne and others 
(2008)

Swainson’s thrush (Catharus ustulatus)

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density effects 
were not measured for this species.

NA Bayne and others 
(2008)

Mountain bluebird (Sialia currucoides)

Researchers observed noise near well pads with (average 71 dBF) 
and without (average 60 dBF) compressors in an active oil and 
gas field. Noise was analyzed as a continuous variable.

Pinus spp. 
(pinyon)-Juniperus 
spp. (juniper) 
woodlands and 
shrublands (New 
Mexico)

Noise was negatively associated with nest site 
selection.

Effects are assumed to be long-term because 
the study occurred at sites subject to 
chronic noise. Noise and vegetation 
cover were associated with reduced 
nest box occupancy at the scale of the 
well pad site (250 m radius). Noise was 
not associated with reduced nest box 
occupancy at the scale of the nest box 
territory (45 m radius).

Kleist and others 
(2017)

Researchers observed noise near well pads with (average 71 dBF) 
and without (average 60 dBF) compressors in an active oil and 
gas field. Noise was analyzed as a continuous variable.

Pinyon-juniper 
woodlands and 
shrublands (New 
Mexico)

Noise was negatively associated with 
baseline stress hormone levels in adult 
nesting females and nestlings. Noise was 
positively associated with acute stress 
hormone levels in nestlings. Moderate 
noise levels were positively associated 
with nestling feather growth and body size. 
Noise did not affect hatching success.

Effects are assumed to be long-term because 
the study occurred at sites subject to 
chronic noise. Noise was positively 
associated with nestling feather growth 
and body size up to ~70 dBF and 
negatively associated with feather 
growth and body size at sound levels 
greater than ~70 dBF.

Kleist and others 
(2018)

Western bluebird (Sialia mexicana)

Researchers observed noise near well pads with (average 71 dBF) 
and without (average 60 dBF) compressors in an active oil and 
gas field. Noise was analyzed as a continuous variable.

Pinyon-juniper 
woodlands and 
shrublands (New 
Mexico)

Noise did not affect nest site selection. NA Kleist and others 
(2017)
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Table 2.21.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Turdidae (thrushes).—Continued

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; NA, not applicable; dBF, flat frequency response; ~, about; dBC, 
C-weighted decibel; %, percent]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Western bluebird (Sialia mexicana)—Continued

Researchers observed noise near well pads with (average 71 dBF) 
and without (average 60 dBF) compressors in an active oil and 
gas field. Noise was analyzed as a continuous variable.

Pinyon-juniper 
woodlands and 
shrublands (New 
Mexico)

Noise was negatively associated with 
baseline stress hormone levels in adult 
nesting females and nestlings. Noise was 
positively associated with acute stress 
hormone levels in nestlings. Moderate 
noise levels were positively associated 
with nestling feather growth and body 
size. Noise was negatively associated with 
hatching success.

Effects are assumed to be long-term because 
the study occurred at sites subject to 
chronic noise. Noise was positively 
associated with nestling feather growth 
and body size up to ~70 dBF and 
negatively associated with feather 
growth and body size at sound levels 
greater than ~70 dBF.

Kleist and others 
(2018)

Eastern bluebird (Sialia sialis)

Researchers simulated natural gas compressor noise at treatment 
nest boxes and compared effects to control nest boxes. Sound 
levels were ~84 dBC at treatment nest boxes and ~55 dBC at 
control nest boxes.

Agricultural fields 
and woodlands 
(Pennsylvania)

Noisy sites had lower incubation rates, lower 
hatching success, and lower probability 
of eggs surviving to fledglings. Noise did 
not affect nest site selection, clutch size, 
food delivered per nestling, probability of 
hatched young fledging, or nest success.

Effects are assumed to be long-term 
because the simulated noise was 
continuous during the nesting period. 
The percentage of time spent incubating 
was 70% at control nest boxes and 64% 
at noisy nest boxes. The percentage of 
eggs that hatched was 95% at control 
nest boxes and 80% at noisy nest boxes. 
The percentage of eggs that survived to 
fledglings was 85% at control nest boxes 
and 71% at noisy nest boxes.

Williams and 
others (2021)

American robin (Turdus migratorius)

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density effects 
were not measured for this species.

NA Bayne and others 
(2008)
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Table 2.22.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Tyrannidae (tyrant flycatchers).

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; NA, not applicable; %, percent; dBC, C-weighted decibel; Hz, hertz; ~, 
about; dBF, flat frequency response]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Alder flycatcher (Empidonax alnorum)

Researchers observed noise in an active oil and gas 
field. The study included four noise categories: sound 
levels near to (100–300 m) and far from (400–700 m) 
compressor stations and quiet well pads. The average 
noise level near compressor stations was 48 dBA. 
Sound levels were not reported for quiet well pads or 
point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Site did not affect occupancy. Density 
effects were not measured for this 
species.

NA Bayne and others 
(2008)

Least flycatcher (Empidonax minimus)

Researchers observed noise in an active oil and gas 
field. The study included four noise categories: sound 
levels near to (100–300 m) and far from (400–700 m) 
compressor stations and quiet well pads. The average 
noise level near compressor stations was 48 dBA. 
Sound levels were not reported for quiet well pads or 
point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Individuals were less likely to occur at 
compressor sites compared to well 
pad sites. Density effects were not 
measured for this species.

Effects are assumed to be long-term because the 
study occurred at sites subject to chronic noise.

Bayne and others 
(2008)

Gray flycatcher (Empidonax wrightii)

Researchers observed noise near well pads with and 
without compressors in an active oil and gas field. 
Sound levels were not reported. Noise was analyzed as 
a categorical and continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Individuals nested farther from the well 
pad at study sites with compressors 
than at quiet well pads. Increases in 
noise level were associated with lower 
daily nest predation.

Effects are assumed to be long-term because the 
study occurred at sites subject to chronic noise. 
Nest sites were an average of 262 m from the 
well pad at study sites with compressors and 
an average of 206 m from the well pad at quiet 
well pad sites.

Francis and 
others (2009)

Researchers observed noise near well pads with 
(46–68 dBA) and without (32–46 dBA) compressors 
in an active oil and gas field. Noise was analyzed as a 
continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Noise was negatively associated with 
occupancy. Noise did not affect song or 
call frequency.

Effects are assumed to be long-term because 
the study occurred at sites subject to chronic 
noise. Individuals were detected at 68% of 
point count locations at quiet well pads and 
52% of point count locations at well pads 
with compressors.

Francis and 
others (2011c)
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Table 2.22.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Tyrannidae (tyrant flycatchers).—Continued

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; NA, not applicable; %, percent; dBC, C-weighted decibel; Hz, hertz; ~, 
about; dBF, flat frequency response]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Gray flycatcher (Empidonax wrightii)—Continued

Researchers modeled noise for four development 
scenarios in an existing oil and gas field: (1) the 
existing development pattern, which included well 
sites with and without active compressors and no noise 
barriers; (2) the existing development pattern and 
noise barriers around wells with compressors, which 
would reduce noise levels from an average of 82 dBC 
to and average of 71 dBC 30 m from source; (3) a 
central compression station (meaning all compressors 
would be concentrated in a single point source) 
without barrier walls; and (4) a central compression 
station surrounded by a noise barrier.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Modeled occupancy was highest in 
scenario 2 with existing dispersed 
compressors and noise barriers. 
Modeled occupancy was second 
highest in scenario 4 with a central 
compression station surrounded by a 
noise barrier. Modeled nest success 
was highest in scenario 3 with central 
compression and no noise barrier. 
Modeled nest success was second 
highest in scenario 1 with the existing 
oil and gas field conditions. Modeled 
nest success in scenarios 2 and 4 with 
noise barriers was similar to a control 
scenario with background sound levels.

Effects are assumed to be long-term because the 
modeled noise is chronic compressor noise. 
Modeled occupancy was approximately 5% 
lower in scenarios without sound barriers. 
Modeled nest success was approximately 8% 
higher in scenarios without sound barriers.

Francis and 
others (2011d)

Ash-throated flycatcher (Myiarchus cinerascens)

Researchers observed noise near well pads with 
(46–68 dBA) and without (32–46 dBA) compressors 
in an active oil and gas field. Noise was analyzed as a 
continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Noise did not affect occupancy. Peak 
frequency of the lowest note of songs 
and calls and minimum frequency of 
calls increased with noise level. Song 
bandwidth decreased with increased 
noise level.

Effects are assumed to be long-term because the 
study occurred at sites subject to chronic noise. 
Song and call frequencies increased ~200 Hz 
across the range of ambient noise levels in 
which songs were recorded (37–64 dBA).

Francis and 
others (2011c)

Researchers observed noise near well pads with 
(average 71 dBF) and without (average 60 dBF) 
compressors in an active oil and gas field. Noise was 
analyzed as a continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Noise was negatively associated with nest 
site selection.

Effects are assumed to be long-term because the 
study occurred at sites subject to chronic noise. 
Noise had greater predictive power for nest box 
occupancy than vegetation cover at the scale 
of the well pad site (250 m radius) and lower 
predictive power than vegetation cover at the 
scale of the nest box territory (45 m radius).

Kleist and others 
(2017)

Researchers observed noise near well pads with 
(average 71 dBF) and without (average 60 dBF) 
compressors in an active oil and gas field. Noise was 
analyzed as a continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Noise was negatively associated with 
baseline stress hormone levels in adult 
nesting females and nestlings. Noise 
was positively associated with acute 
stress hormone levels in nestlings. 
Moderate noise levels were positively 
associated with nestling feather 
growth and body size. Noise did not 
affect hatching success.

Effects are assumed to be long-term because the 
study occurred at sites subject to chronic noise. 
Noise was positively associated with nestling 
feather growth and body size at sound levels 
less than ~70 dBF and negatively associated 
with feather growth and body size at sound 
levels greater than ~70 dBF.

Kleist and others 
(2018)



66  


Effects of N
oise from

 Oil and Gas Developm
ent on Raptors and Songbirds

Table 2.23.  Brief findings from studies about the effects of noise from oil and gas development on species in the family Vireonidae (vireos).

[Findings from each study that are not specific to the effects of noise are not included in the table. m, meter; dBA, A-weighted decibel; ha, hectare; Hz, hertz]

Noise type and description Study system and 
geographic location Relevant study findings Intensity of effect Reference

Red-eyed vireo (Vireo olivaceus)

Researchers observed noise in an active oil and gas field. The 
study included four noise categories: sound levels near to 
(100–300 m) and far from (400–700 m) compressor stations 
and quiet well pads. The average noise level near compressor 
stations was 48 dBA. Sound levels were not reported for quiet 
well pads or point count locations far from compressors.

Upland boreal forest 
(Alberta, Canada)

Density was lower near compressor 
stations than near quiet well pads. 
Individuals were less likely to occur 
at compressor sites compared to well 
pad sites.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Density was 3 
birds per 10 ha near compressors and 
5.4 birds per 10 ha near quiet well pads.

Bayne and others 
(2008)

Plumbeous vireo (Vireo plumbeus)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels were 
not reported. Noise was analyzed as a continuous variable.

Pinus spp. 
(pinyon)-Juniperus spp. 
(juniper) woodlands 
and shrublands (New 
Mexico)

Noise did not affect occupancy, singing 
rate, or peak or maximum song 
frequency. Noise was associated 
with increased minimum frequency, 
decreased bandwidth, and decreased 
duration of songs.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Minimum 
frequency increased 700 Hz across the 
range of ambient noise levels during 
which songs were recorded.

Francis and 
others (2011a)

Gray vireo (Vireo vicinior)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels 
were not reported. Noise was analyzed as a categorical and 
continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Individuals nested farther from the well 
pad as study sites with compressors 
than at quiet well pads.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Nest sites were 
an average of 275 m from the well pad 
at study sites with compressors and an 
average of 187 m from the well pad at 
quiet well pad sites.

Francis and 
others (2009)

Researchers observed noise near well pads with and without 
compressors in an active oil and gas field. Sound levels were 
not reported. Noise was analyzed as a continuous variable.

Pinyon-juniper woodlands 
and shrublands (New 
Mexico)

Noise did not affect occupancy, singing 
rate, or peak or minimum song 
frequency. Noise was associated 
with increased maximum frequency, 
bandwidth, and duration of songs.

Effects are assumed to be long-term 
because the study occurred at sites 
subject to chronic noise. Maximum 
frequency increased 900 Hz across the 
range of ambient noise levels during 
which songs were recorded.

Francis and 
others (2011a)
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