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Appendix B: List of Acronyms, Abbreviations, and Glossary

Acronyms and Abbreviations

The Act

ACS

ADS-B

AEDT

AGL

ANSI

APE

ATMP

ATMP planning area

CcC

CEQ

CFR

CHq
CMZA
CO;

dB

dBA

DNL

DOT

EA

EJ

EO

EPA

ESA

FAA

ft.

FSDO
GHG

H,O
Hawai‘i Common
Procedures Manual
IMPROVE
IOA

IPCC

Lso

LAeq

National Parks Air Tour Management Act of 2000
American Community Survey

Automatic Dependent Surveillance-Broadcast
Aviation Environmental Design Tool

Above Ground Level

American National Standards Institute

Area of Potential Effects

Air Tour Management Plan

The area within which an ATMP regulates commercial air tours over a
national park or within -mile outside the park’s boundary during which
the aircraft flies below 5,000 ft. AGL.

Civilian Conservation Corps

Council on Environmental Quality

Code of Federal Regulations

Methane

Coastal Zone Management Act

Carbon Dioxide

Decibels

Decibels (A-weighted scale)

Day-night Average Sound Level (denoted by the symbol Lgn)
United States Department of Transportation
Environmental Assessment

Environmental Justice

Executive Order

Environmental Protection Agency

Endangered Species Act

Federal Aviation Administration

Feet

Flight Standards District Office

Greenhouse Gas

Water Vapor

2008 FAA Hawai‘i Air Tour Common Procedures Manual

Interagency Monitoring of Protected Visual Environments

Interim Operating Authority

Intergovernmental Panel on Climate Change

The median or Lso sound level (in decibels) is the sound level exceeded 50
percent of the day

Equivalent Continuous Sound Level



Ldn

Lmax

Lhat

MBTA
MMPA
MSL
MT
N0
NAAQS
NEPA
NHO
NHPA
NMFS
NOAA
NPS

(OF]

The Park
PM
PMAD
SHPD
SO,
TCP
TPY
u.S.C.
USFWS

Day-night Average Sound Level

The loudest sound level, in dBA, generated by the loudest event
Natural ambient Lso as described in Lynch (2012) and Job (2018)
Migratory Bird Treaty Act

Marine Mammal Protection Act

Mean Sea Level

Metric Tons

Nitrous Oxide

National Ambient Air Quality Standards

National Environmental Policy Act

Native Hawaiian Organizations

National Historic Preservation Act

National Marine Fisheries Service

National Oceanic and Atmospheric Administration
National Park Service

Ozone

Haleakala National Park

Particulate Matter

Peak Month Average Day

State Historic Preservation Division

Sulfur Dioxide

Traditional Cultural Properties

Tons per Year

United States Code

United States Fish and Wildlife Service
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The agencies have sent the following agencies and parties copies of this draft EA and the draft
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e U.S. Fish and Wildlife Service - Pacific Islands Fish and Wildlife Office

e U.S. Geological Survey
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State of Hawai‘i DLNR - Na Ala Hele

State of Hawai‘i DLNR - State Historic Preservation Division
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Hawai‘i County and Local Agencies

e County of Maui Mayor's Office

e Maui County Cooperative Extension

e Maui County Council

e Maui County Cultural Resources Commission

e Maui County Environmental Program

e Maui Police Department

e Office of Hawaiian Affairs

e Office of Hawaiian Affairs, Maui Community Resource Center

Community Organizations, Associations, Businesses, and Interest Groups

e A Broad Adventure

e ‘Aha Moku o Kahikinui

e ‘Aha Moku o Kaupo

e ‘Aha Moku o Maui Inc.

e Akina Aloha Tours

e AlexAir, Inc. (Maverick Helicopters) [Alika Aviation, Inc. (Alexair) in FR]

e Ali'i 'Ai Moku O Kahekili Royal Order of Kamehameha |

e Aloha Maui Limousine

e Aris, Inc. (Air Maui Helicopter Tours)

e Bike It Maui No Ka Oi

e Broder's Skunkware

e Central Maui Hawaiian Civic Club

e Charley's Trail Rides

e College of Tropical Agriculture and Human Resources - University of Hawai‘i at Manoa

e Cruiser Phil's Volcano Riders

e Dept. of Natural Resource and Environmental Management - University of Hawai‘i at
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e Diamond B Ranch
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Haleakala On Horseback

Haleakala Ranch

Hana Community Association

Hana Cultural Center

Hana Ranch

Hapapa Farm

Hasegawa General Store

Hawai‘i Conservation Alliance & Foundation
Hawai‘i Farmer Union United

Hawai‘i Island Coalition Malama Pono
Hawai‘i Pacific Parks Association
Hawai‘i Visitors & Convention Bureau
Hawaiian Islands Land Trust

Hawai‘i Tourism Authority

Helicopter Consultants of Maui, LLC (Blue Hawaiian Helicopters)
Helicopter Consultants of Maui, LLC (Hawai‘i Helicopters)
Hike Maui

Historic Hawai‘i Foundation

Island Exclusive

Kamehameha Schools Maui
Ka‘ono‘ulu Ranch

Kaupo Community Association

Kaupo Ranch

Kaze Enterprises

Kilakila o Haleakala

Kimura International

King Kekaulike High School

Kipahulu Community Association
Kipahulu 'Ohana

Kula Community Association

Kula Lodge and Restaurant

Kula Market Place

Kula Sandalwoods

Kuloloi‘a Lineage - | ke Kai ‘o Kuloloi‘a
Kumu A‘o

Kupuna Group —Kipa

Leeward Haleakala Watershed Restoration Partnership
Magic Maui

Mahi Pono LLC

Maui Cattle Company

Maui Chamber of Commerce



Maui Coastal Land Trust

Maui Downbhill

Maui Eco-Adventures

Maui Horseback Tours

Maui Invasive Species Committee

Maui Land & Pineapple Company

Maui Mountain Cruisers

Maui Nui

Maui Outdoor Circle

Maui Sunriders Bike Company

Maui Tomorrow Foundation

Maui Visitors Bureau

MCT Inc./Best Holiday

Mountain Riders

Myna Tours Inc.

Na Aikane o Maui

Na Koa lkaika Ka Lahui Hawai‘i

National Parks Conservation Association

National Parks Conservation Association - Pacific Regional Office
National Trust for Historic Preservation

Nekaifes ‘Ohana

Nu‘u Mauka Ranch

ONO Organic Farms

Pacific Islands Climate Change Cooperative
Paukikalo Hawaiian Homes Community Center
Polynesian Adventure Tours Inc.

Pony Express

Pualani Adventures

Public Employees For Environmental Responsibility
Pukalani Community Association

Robert's Hawai’i

Royal Order of Kamehameha I, Heiau O Kahekili IV
Schuman Aviation Company, Ltd. (Makani Kai Helicopters, Magnum Helicopters)
Sierra Club - Maui Group

Star Gazers Maui

Sunrise Country Market

Sunshine Helicopters, Inc.

Sustainable Science Management - University of Hawai‘i Maui College
Temptation Tours

The Nature Conservancy

The World Outdoors



e Thompson Ranch

e Travel Plaza Transportation, LLC - JTB Overseas Development Corporation
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e University of Hawai‘i Maui College
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e Waiohuli Hawaiian Homesteaders Association

e Wananalua Congregational Church

e West Maui Mountains Watershed Partnership

Public Review

Copies of this draft EA are available for public review and comment. The full document is available
via the following:

e NPS Planning, Environmental and Public Comment website:
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Environmental Assessment for an Air Tour Management Plan for Haleakala National Park

Environmental Impact Analysis Methodologies

1.0 Introduction and Overview

The Federal Aviation Administration (FAA), in cooperation with the National Park Service (NPS) (the
agencies), are working together to develop an Air Tour Management Plan (ATMP) for Haleakala National
Park (park). In compliance with the National Environmental Policy Act (NEPA), the agencies prepared an
Environmental Assessment (EA) for the park’s ATMP. The proposed action is to implement an ATMP for
the park and is described in Section 1.3 of the EA. This technical appendix describes the methodologies
used for evaluating the potential for environmental impacts to occur from the alternatives considered in
the EA.

The agencies have identified environmental impact categories that require detailed analysis in this EA
due to the potential environmental impacts resulting from implementing the alternatives (refer to
Section 1.5 of the EA for a discussion of the environmental impact categories not analyzed in detail).
The methodologies in this document reflect the analysis that has been performed by environmental
impact category for each of the alternatives. The results of these analyses are described in the
Environmental Consequences sections of the EA. This methodology is based on the 2015 FAA 1050.1F
Order and Desk Reference - Environmental Impacts: Policies and Procedures, and NPS NEPA policies and
procedures (2015 NPS NEPA Handbook, 2015 NPS NEPA Handbook Supplemental Guidance - Writing
Impact Analysis Sections for EAs and EISs).

Under the National Parks Air Tour Management Act of 2000 (the Act) and its implementing regulations
an ATMP regulates commercial air tours over a national park or within %-mile outside the park’s
boundary during which the aircraft flies below 5,000 feet (ft.) above ground level (ATMP planning area).
Air tours outside of the ATMP planning area are not regulated under the ATMP. Unless otherwise
noted, the study area for each environmental impact category is the ATMP planning area.

2.0 Environmental Baseline and Impact Analysis for the No Action Alternative

For all environmental impact categories described herein, impact analysis for each alternative discloses
how environmental conditions would change relative to current conditions, which serves as the
environmental baseline for this analysis. Impacts are analyzed relative to current conditions, so that
they can be described and measured relative to a level for which data exists. Each analysis provides a
comparative analysis between alternatives for each environmental impact category.

Existing conditions for air tour activity is defined as the three-year average of commercial air tours
conducted over the park from 2017-2019, along with operator-provided route and altitude information.
Reporting data from 2013 and 2014 are considered incomplete as reporting protocols were not fully in
place at that time and likely do not reflect actual flights. The agencies consider the 2017-2019, three-
year average, existing conditions for the purposes of understanding both the existing number of
commercial air tour flights over the park and impacts from that activity. Flight numbers from a single
year were not chosen as the existing condition because the three-year average accounts for both
variation across years and takes into account the most recent years prior to the COVID-19 pandemic.



The 2020 COVID-19 pandemic resulted in atypical commercial air tour operations, which does not
represent the conditions in a typical year. The agencies also decided against using 2021 or 2022 data
due to continued abnormalities associated with the COVID-19 pandemic and the unavailability of
reporting data for 2021 or 2022 during most of the planning effort.

The No Action Alternative represents a continuation of existing air tour conditions over the park. The
Act provided for existing commercial air tour operations occurring at the time the law was enacted to
continue until an ATMP for the park was implemented by expressly requiring the FAA to grant interim
operating authority (IOA) to existing operators.2 Flights up to IOA are not considered part of the No
Action Alternative, as flights at these levels are not reasonably foreseeable based on reporting data. The
affected environment for each environmental impact category discloses existing conditions of
commercial air tours over the park as it relates to resources within the study area for each category.
Impact analysis for the No Action Alternative discloses the effects on the environment that would occur
with existing conditions carried into the future. There are no designated routes under the No Action
Alternative, but for the purpose of defining the No Action Alternative for analysis, route information
provided by operators and flight tracking data is used to define the routes for this alternative. There are
no altitude restrictions under the No Action Alternative beyond the FAA general restrictions/allowances
and the guidelines in the 2008 FAA Hawai‘i Air Tour Common Procedures Manual (HI Common
Procedures Manual).?

3.0 Impacts Considered

The analysis considers direct, indirect, and cumulative effects of each alternative described in Chapter 2
of the EA. The methodologies used in considering these effects to environmental impact categories are
described by category in Section 4.0 of this document.

3.1. Direct Effects

Direct effects are those caused by the alternative and occur at the same time and place as
implementation of the alternative. Direct effects consider the change from current resource condition,
which is described in the affected environment, on environmental resources within the study area
resulting from implementation of that alternative.

3.2. Indirect Effects

Indirect effects are those which are caused by the alternative and occur later in time or are farther
removed in distance but are still reasonably foreseeable.

It is reasonably foreseeable that because of the capital investment air tour operators have in aircraft,
facilities, and equipment, operators could seek to make up lost revenue from air tours over the park
resulting from a reduction in air tours by conducting air tour operations outside of the ATMP planning
area to the extent possible. In accordance with Section 1508.1(g)(2) of Council on Environmental
Quality (CEQ) NEPA regulations, the agencies considered reasonably foreseeable actions that could
occur as a result of the alternative in the indirect effects analysis for each environmental impact

149 U.S.C. § 40128(c)(2)(A)(i-ii)
2 Federal Register, Vol. 70, No. 194, October 7, 2005, page 58778
3 FAA DOCUMENT NUMBER: AWP13-136A



category. The indirect effects analyses consider potential shifts in air tour operations resulting from
implementation of each alternative and the potential for displacement of air tours outside of the ATMP
planning area due to a reduction in the number of authorized flights per year compared to existing
conditions.

Consistent with the Section 1502.21 of CEQ NEPA regulations, the agencies have disclosed that specific
air tour routes, altitudes, and numbers of tours are not available to assess impacts that would occur
from air tours that are displaced outside the ATMP planning area, and the resultant environmental
effects that would occur. In addition, because specific air tour routes are not available, it is not possible
to identify all the other potential noise sources or sources of visual effects that might contribute to the
acoustic or visual conditions if operators were to fly just outside the ATMP planning area. It is difficult to
predict whether any displaced air tours would result in operations on alternative routes that could have
effects within or outside the ATMP planning area. This is because the airspace outside of the ATMP
planning area is uncontrolled airspace, and operators fly under Visual Flight Rules (VFR). VFR is based on
the principle of “see and avoid,” and does not require specific routes or altitudes, excepting weather
minimums (see 14 Code of Federal Regulations (CFR) § 91.155).* Therefore, the exactness of routes and
altitudes for air tours outside of the ATMP planning area flying VFR could vary depending on client
demand, weather, fuel load, and other costs. See 40 CFR § 1502.21 (c)(1). Agencies are not required to
conduct new scientific or technical research to analyze impacts and may rely on existing information to
assess impacts. See 43 CFR § 1502.21(c).

For the purposes of disclosing the potential indirect effects of each alternative, the agencies have
considered operator websites, the current availability of air tours over other lands outside the ATMP
planning area, and the proximity of the operator’s facilities to other airports or heliports. The analysis
considers current and historical flight patterns, the prevalence of features outside the ATMP planning
area that may attract air tours (such as known points of interest), and the potential for operators to fly
along the perimeter of the ATMP planning area and/or above 5,000 ft. AGL to continue to observe
features within the ATMP planning area. Indirect effects analyses consider the number of air tours
proposed in each alternative and the likely displacement of air tours outside the ATMP planning area
boundary. The EA qualitatively discusses what potential shifts in air tour operations would mean for
resources within or outside of the ATMP planning area to the extent that they are present.

3.3. Cumulative Effects

Cumulative effects are effects on the environment that result from the incremental effects of the action
when added to the effects of other past, present, and reasonably foreseeable actions regardless of what
agency (federal or non-federal) or person undertakes such other actions. Based on local knowledge
from NPS staff, the agencies have identified other ongoing and reasonably foreseeable actions to
consider within each environmental impact category.

The cumulative effects analysis qualitatively considers the effects of each alternative along with any
known past, present, or future actions that would contribute to environmental effects to resources in
the ATMP planning area. The EA presents this analysis in a comparative manner across all alternatives

4 https://www.faasafety.gov/files/gslac/courses/content/25/185/vfr%20weather%20minimums.pdf
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and describes the context of the effect in terms of other environmental effects that are present or likely
to occur within the ATMP planning area.

4.0 Analysis Methodology by Environmental Impact Category

The section presents the impact analysis methodologies used in development of the EA for each
environmental impact category considered.

4.1. Noise and Noise-Compatible Land Use

The impact analysis for noise and noise-compatible land use discloses the noise generated from air tours
under each alternative as modeled. The analysis also includes a comparison of the effects across
alternatives. The methods used for the noise modeling are presented below and also described in the
Noise Technical Analysis, Appendix F of the EA.

4.1.1. Noise Modeling

There are numerous ways to measure the potential impacts of noise from commercial air tours on the
acoustic environment of a park, including intensity, duration, and spatial footprint of the noise. The
ambient sound level data and air tour operational data are used as inputs into the FAA’s Aviation
Environmental Design Tool (AEDT) to compute the following metrics to be used for the noise technical
analysis (Table 1).

Table 1. Primary metrics used for the noise technical analysis

Metric Relevance and citation

Equivalent The logarithmic average of commercial air tour sound levels, in dBA, over a 12-hour
sound level, day. The selected 12-hour period is 7 AM to 7 PM to represent typical daytime

Laeq, 12hr commercial air tour operating hours.

Day-night The logarithmic average of sound levels, in dBA, over a 24-hour day, DNL takes into
average sound | account the increased sensitivity to noise at night by including a 10 dB penalty on
level, Lgn (or noise events occurring between 10 PM and 7 AM local time.

DNL)

Note: Both Laeg, 12nr and DNL characterize:

e Increases in both the loudness and duration of noise events
e The number of noise events during specific time period (12 hours for Laeg,
12hr and 24-hours for DNL)

If there are no nighttime events, then Laeq, 121 is arithmetically three dBA higher
than DNL as the events are averaged over 24 hours instead of 12 hours.

The FAA’s (2015, Exhibit 4-1) indicators of significant impacts are for an action that
would increase noise by DNL 1.5 dB or more for a noise sensitive area that is
exposed to noise at or above the DNL 65 dB noise exposure level, or that will be
exposed at or above the DNL 65 dB level due to a DNL 1.5 dB or greater increase,
when compared to the no action alternative for the same timeframe.




Time Audible
Natural
Ambient

The total time (minutes) that aircraft noise levels are audible to an attentive
listener with normal hearing under natural ambient conditions.

The natural ambient is the sound level exceeded 50 percent of the time Lso,
determined from the natural sound conditions found in a ATMP planning area,
including all sounds of nature (i.e., wind, streams, wildlife, etc.), and excluding all
human and mechanical sounds. Time audible does not indicate how loud the event
is, only if it might be heard.

Time Above 35
dBA

The amount of time (in minutes) that aircraft sound levels are above a given
threshold (i.e., 35 dBA).

In quiet settings, outdoor sound levels exceeding this level degrade experience in
outdoor performance venues (American National Standards Institute (ANSI), 2007);
blood pressure increases in sleeping humans (Haralabidis et al., 2008); maximum
background noise level inside classrooms (ANSI/Acoustical Society of America
$12.60/Part 1-2010).

Time Above 52
dBA

The amount of time (in minutes) that aircraft sound levels are above a given
threshold (i.e., 52 dBA).

At this background sound level, normal voice communication at five meters (two
people five meters apart), or a raised voice to an audience at ten meters would
result in 95% sentence intelligibility (United States Environmental Protection
Agency, Office of Noise Abatement and Control, 1974). This metric represents the
level at which one may reasonably expect interference with park interpretive
programs, activities that require communication from a distance and other general
visitor communication.

Maximum
sound level,

Lmax

The loudest sound level, in dBA, generated by the loudest event; it is event-based
and is independent of the number of operations. Lmax does not provide any context
of frequency, duration, or timing of exposure.

4.1.2. Indirect Effects

The indirect effects analysis for noise and noise-compatible land use considers potential shifts in air tour
operations resulting from implementation of an alternative within the ATMP planning area and the
potential for displacement of air tours outside of the ATMP planning area due to a reduction in the
number of authorized flights per year compared to existing conditions. FAA considers that noise levels
are generally significant if aircraft activity under the alternative would increase noise by annual DNL 1.5
dB or more for a noise sensitive area that is exposed to noise at or above the DNL 65 dB noise exposure
level, or that would be exposed at or above the DNL 65 dB level due to a DNL 1.5 dB or greater increase,
when compared to the existing conditions for the same timeframe. (FAA Order 1050.1F, Exhibit 4-1).

The analysis consists of two separate components:




e A noise analysis that, for the aircraft currently operating at the park, assesses the activity
threshold that would generate a noise exposure level at or above DNL 65 dB in a single location.
Use of the DNL 65 dB threshold speaks to whether or not noise from air tours operating outside
the ATMP planning area under the alternative would result in levels incompatible with noise-
sensitive land use (i.e., DNL 65 dB), but the threshold of significance is a 1.5 dB or more increase
at or above the resulting DNL 65 dB level as defined in FAA Order 1050.1F and 14 CFR Part
150.1.

0 The noise analysis considers the activity threshold two ways:
=  For the aircraft type with the loudest noise level, what is the activity level that
would generate a noise level at or above DNL 65 dB?
=  For the aircraft types and fleet mix distribution within the 2017-2019 peak
month average day (PMAD), what is the activity level that would generate a
noise level at or above DNL 65 dB?

e An activity assessment that describes the potential number of aircraft operations that may occur
at a given point outside the ATMP planning area over a 24-hour period due to a no air tour
alternative or additional flights outside the ATMP planning area resulting from a decrease in
annual operations.

0 The analysis assumed air tour operations would comply with applicable aviation safety
regulations including minimum altitudes proscribed in the HI Common Procedures
Manual.

The results of this analysis are described in the indirect effects analysis in the environmental
consequences discussion of the EA for Noise and Noise-Compatible Land Use.

4.1.3. Cumulative Effects

The impacts analysis for cumulative effects to noise and noise-compatible land use discloses the likely
changes to the ambient condition (not natural ambient, which is disclosed in the Affected Environment
section of the EA) as modeled for each alternative. The qualitative discussion includes mention of
whether the overall soundscape would become louder, quieter, or stay the same. The cumulative
impact analysis includes the noise from air tours plus other noise sources. The section also provides
discussion of differences between alternatives.

4.2. Air Quality and Climate Change

4.2.1. Air Quality Analysis

The EPA has established the National Ambient Air Quality Standards (NAAQS) (40 CFR Part 50) for six
criteria air pollutants which can be harmful to human health and the environment.®> Primary standards
protect public health, including sensitive populations such as children and the elderly, while secondary
stands protect public welfare, including visibility impairment and damage to animals, vegetation, and
buildings. The six criteria pollutants are:

e Carbon monoxide (CO)
e Lead (Pb)

5 NAAQS Table: https://www.epa.gov/criteria-air-pollutants/naags-table



https://www.epa.gov/criteria-air-pollutants/naaqs-table

e Nitrogen dioxide (NO,)

e Ozone (03)°

e Particulate matter: aerodynamic diameter < 2.5 um (PM3;)’ and aerodynamic diameter < 10
um (PMyo)

e Sulfur dioxide (SO,)

The EPA designates geographic areas® based on their relation to the NAAQS by pollutant:

e Nonattainment Area: Areas of the country where air pollution levels persistently exceed one or
more of the national ambient air quality standards.
e Attainment Area: any area that meets the standard for all criteria pollutants

e Maintenance Area: any area that was formerly in nonattainment status for one or more criteria
pollutants, but currently meets the standard for all criteria pollutants

The General Conformity Rule (40 CFR Part 93) ensures that Federal actions do not cause or contribute to
new violations of the NAAQS, worsen existing NAAQS violations, or delay attainment of the NAAQS.
Federal agencies are required to work with state, tribal, and local governments in nonattainment or
maintenance areas to ensure their actions conform to relevant air quality plans.®

4.2.2. Study Area and Data Sources

The study area for the air quality analysis corresponds with the ATMP planning area. The study area is
compared with geographic information systems (GIS) data in EPA’s Green Book!° to confirm attainment
status (attainment, nonattainment, or maintenance by pollutant). The FAA’s AEDT is used to derive
emission rates for aircraft used in air tours over the park. The route lengths by aircraft type and number
of annual operations by aircraft type are derived from operator reporting data.

4.2.3. Methodology for Analyzing Air Quality Impacts
The impact analysis for air quality consists of five steps:
1. Calculate annual flight miles for each aircraft type operating over the ATMP planning area.

Annual flight miles over the ATMP planning area are calculated for each aircraft type by multiplying the
total number of air tour operations by each route flown over the ATMP planning area.

2. Calculate emission rates for each aircraft used in air tours over the ATMP planning area.

The latest version of FAA’s AEDT is used to develop emission rates (pounds of emissions per mile flown)
for each aircraft. Emission rates for non-jet engines (i.e., those most likely conducting air tours) are
based on emission factors in AEDT, which are primarily derived from the EPA’s AP-42: Compilation of
Emission Factors. Although the AP-42 emission factors represent the best available data, they have not

6 Nitrogen oxides (NOX) and volatile organic compounds (VOC) are considered precursors to ground-level ozone
and may be closely monitored in areas with ozone concerns.

7 Sulfur dioxide (SO2), NOX, VOC, and ammonia are considered precursors to PMa.s.

8 Current Nonattainment Counties for All Criteria Pollutants:
https://www3.epa.gov/airquality/greenbook/ancl.html

% General Conformity: https://www.epa.gov/general-conformity

10 Nonattainment Areas for Criteria Pollutants (Green Book): https://www.epa.gov/green-book
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been updated since the 1990s and most aircraft engines in use today are likely to be cleaner due to less-
polluting fuels and improvements in engine emissions controls. Therefore, the calculated emission rates
should be considered a conservative estimate of emission rates for aircraft used in air tours.

3. Calculate emissions from air tours over the ATMP planning area.

For each aircraft type operating over the ATMP planning area, emissions (tons per year) are calculated
by multiplying the annual flight miles (step 1) by the aircraft-specific emission factor (step 2). The sum
of emissions across all aircraft types represents the total emissions (by alternative) for the ATMP
planning area.

4. If the ATMP planning area is located in EPA’s nonattainment and/or maintenance areas,
compare emissions with de minimis thresholds.

To highlight the potential impacts to ambient air quality for all criteria pollutants, the emissions results
are compared with the EPA’s General Conformity de minimis thresholds for the most stringent!!
nonattainment areas. EPA’s General Conformity de minimis thresholds represent a surrogate for
impacts to ambient air quality. If emissions estimates for all pollutants in the ATMP planning area are
below de minimis thresholds, the proposed air tours are expected to result in negligible impacts to air
quality.

5. If the ATMP planning area is located in EPA’s attainment areas, disclose ATMP emissions to
fulfill NEPA requirements.

Per the requirements of NEPA, disclosure of both baseline emissions and any change in emissions
(comparison between the No Action Alternative and the action alternatives) shall be provided in the EA
to understand the potential consequences to air quality. Since the ATMP planning area is located in an
area of the United States that is in attainment for all regulated pollutants, there are no regulatory
thresholds to compare that indicate the potential air quality impacts of said emissions. Rather, the
reported emissions provide a basis of acknowledgement as to what the proposed project may
contribute to the attainment air shed. For the purposes of ATMPs, only emissions changes from aircraft
operations for each alternative are considered.

If adverse effects on air quality are predicted, the final step of the analysis is to determine whether:

e there are any practicable mitigation measures or alternatives that would avoid or reduce
impacts to air quality; and

e asubstantial need for action exists, and if other alternatives with less adverse impacts on air
quality will still satisfy the purpose and need without resulting in exorbitant costs.

4.2.4. Climate Change Analysis

In February 2021, the CEQ rescinded the 2019 Draft NEPA Guidance on Consideration of Greenhouse
Gas Emissions and is reviewing, for revision and update, the 2016 Final Guidance on Consideration of

11 The most stringent non-attainment areas (i.e., lowest de minimis thresholds) are categorized as “extreme” for
ozone (VOCs or NOX) and “serious” for particulate matter (PMaio, PM2s, NOX, VOC, and SO2; ammonia is not
considered for aircraft emissions as they relate to ATMPs).



Greenhouse Gas Emissions and the Effects of Climate Change. CEQ directs agencies to consider: (1) the
potential effects of a proposed action on climate change as indicated by assessing greenhouse gas (GHG)
emissions (e.g., to include, where applicable, carbon sequestration); and (2) the effects of climate
change on a proposed action and its environmental impacts. Federal agencies are advised to use
projected GHG emissions as a proxy for assessing an action’s impact on climate change. The difference
in GHG emissions between alternatives, as well as the total GHG emissions of the No Action Alterative,
should be provided as part of the NEPA analysis. The 2016 CEQ guidance does not establish any
particular quantity of GHG emissions as significant.

4.2.5. Study Area and Data Sources

The study area for GHG emissions from reflects the ATMP planning area. FAA’s AEDT is used to derive
emission rates for aircraft used in air tours over the ATMP planning area. The route lengths by aircraft
type and number of annual operations by aircraft type are derived from operator reporting data.

4.2.6. Methodology for Analyzing Greenhouse Gas Impacts
The GHG analysis includes the following four steps:
1. Calculate annual fuel burn for each aircraft type operating over the ATMP planning area.

Annual fuel burn (for use with fuel burn-based emission factors in step 2) are calculated from the annual
flight miles using conversion factors given in FAA’s AEDT. Annual flight miles over the ATMP planning
area are calculated for each aircraft type by multiplying the total number of air tour operations by each
route flown within the ATMP planning area.

2. Calculate GHG emission factors for each aircraft used in air tours in the ATMP planning area.

The latest version of AEDT is used to develop a CO; equivalents (CO,e) emission factor in metric tons of
emissions per gallon of fuel (MT CO,/gal) for each aircraft. CO,e emission factors in AEDT are calculated
based on the quantity of aircraft fuel burned. Since the proposed action involves only aircraft
operations, MT CO,e will be assumed to be the same as the aircraft MT CO,.?

3. Calculate GHG emissions from air tours over the ATMP planning area.

For each aircraft type operating over the ATMP planning area, the CO,e emissions (MT per year) are
calculated by multiplying the annual fuel burn (step 1) by the aircraft-specific emission factor (step 2).
The sum of emissions across all aircraft types represents the total emissions (by alternative) for the
ATMP planning area.

GHG emission inventory results are not compared to the NAAQS nor any other significant criteria. The
results are provided for informational purposes as a means of disclosing the project’s potential effects
on GHGs and climate change.

If an increase in GHG emissions is predicted, the final step of the analysis involves considering whether
there are areas within the scope of the project where such emissions could be reduced through
mitigation measures such as changes to more fuel-efficient aircraft, use of renewable fuels, and
operational changes.

12 EAA 1050.1F Desk Reference. February 2020. Section 3.3 Environmental Consequences — Climate.



4.3. Biological Resources

The study area for biological resources includes the ATMP planning area. To the extent that habitat and
species occurrences correlate, impacts to biological resources are expected to be similar within the
ATMP planning area. Therefore, if habitat exists for a species but occurrence is unknown, the
assumption is that the species could be present and has been analyzed accordingly.

The agencies have identified federally listed species, special status species, and any critical habitats
within the Affected Environment discussion of the EA. For any species for which habitat does not
encompass the entire ATMP planning area, habitat areas for these species are identified in order to
connect data on effects of air tours, such as noise contours, to potential effects on species that utilize
those areas. Based on the results of this review, the park’s natural resource managers and biologists
have confirmed species within the ATMP planning area that have the potential to be affected by
commercial air tours based on their knowledge of wildlife responses to commercial air tours.

For special status species and/or critical habitats which have the potential to be affected by commercial
air tours, the agencies have performed a literature review for species-specific management guidelines
such as recommended noise limits, time of year restrictions, aircraft standoff distances, or other
mitigation measures that could be feasibly addressed by the ATMP parameters. The agencies have also
sought technical assistance from the U.S. Fish and Wildlife Service for species-specific management
guidelines and recommendations, the results of which have been integrated into the EA.

The EA includes a qualitative analysis of the effects to biological resources that could result from each
alternative. The analysis discloses how ATMP operating parameters and the resultant resource
conditions would change by comparing existing conditions to the parameters proposed for each
alternative. For example, the EA identifies areas where noise levels would change, if routes had been
shifted closer or further from sensitive habitat attributes, or if altitudes would increase or decrease as
compared to existing conditions, and qualitatively discloses how that could affect biological resources.
The analysis also discloses the effects of the use itself by analyzing the impacts of each alternative in the
context of any documented management guidelines (as available). Based on this analysis, the agencies
have also proposed an effect determination and will consult with the U.S. Fish and Wildlife Service and
National Marine Fisheries Service in accordance with Section 7 of the Endangered Species Act.

4.4, Cultural Resources

The analysis methodology for cultural resources (inclusive of Historical, Architectural, Archeological and
Cultural Resources) consists of evaluating the potential impacts of each alternative under consideration
on cultural resources identified within the NEPA study area. Section 106 of the National Historic
Preservation Act (NHPA Section 106) as set forth in 36 CFR Part 800 provides the framework for
gathering the information needed to assess impacts on cultural resources under NEPA, per FAA’s
1050.1F Desk Reference. The NEPA study area for cultural resources corresponds with the Area of
Potential Effects (APE) identified as part of the Section 106 process and encompasses the potential
effects of all alternatives under consideration. The APE may be revised and refined based on the
preferred alternative or the consultation process. Cultural Resources within the APE are identified in the
Affected Environment of the EA.
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Section 106 considers effects to properties (districts, sites, buildings, structures, or objects) that are
listed in or eligible for listing in the National Register of Historic Places (National Register). The Section
106 process for the park includes prehistoric or historic districts, sites, buildings, structures, and/or
objects, as well as traditional cultural properties (TCPs) (inclusive of ethnographic resources and sacred
sites) and cultural landscapes that have been previously documented in the APE or identified through
consultation. NPS Management policies define five types of cultural resources for consideration —
archeological resources, cultural landscapes, ethnographic resources, historic and prehistoric structures,
and museum collections. Because of the nature of the alternatives (i.e., no ground disturbance or
physical incursion), the cultural resource identification focuses on resources that could be affected
visually or by noise from aircraft. The focus of cultural resources identification is on those resources for
which feeling and setting contribute to the properties’ significance, including TCPs and other properties
of cultural and religious significance to Native Hawaiians, as identified by Kipuna groups and other
consulting parties with relevant expertise. This analysis in the EA considers potential beneficial and
adverse impacts to all cultural resources within the APE, including resources identified by the park that
may not fall under the Section 106 process, if present.

Park staff have provided information about cultural resources located within the park boundaries and
the consulting parties have identified TCPs and sacred sites within the APE. Additional records have
been gathered from the Hawai‘i Cultural Resource Information System (HICRIS) and through a records
request of the Hawai‘i State Historic Preservation Division (SHPD) to identify any additional cultural
resources within the APE. Historic property identification includes previously documented properties
with no formal National Register evaluation as well as those previously listed or determined eligible for
listing in the National Register. No additional survey will be conducted; unevaluated or undetermined
properties will be treated as eligible for the purposes of Section 106 consultation and NEPA evaluation.
Using this information, a list of cultural resources located within the APE is generated and those with
unrestricted location data are mapped (any individual TCPs, sites of cultural or religious significance or
boundaries of archeological districts included in the study area maps depict only general buffered areas
to protect the location of sensitive sites).

The agencies have reviewed the alternatives and determined if any of the cultural resources within the
APE may be affected by each alternative and evaluated the magnitude of those impacts. The analysis
includes a qualitative assessment of how the ATMP operating parameters for each alternative may
affect resource conditions compared to current conditions. The agencies use the time above 35 dBA
metric and 12-hour equivalent sound level metric from the Noise Technical Analysis to quantitatively
assess potential noise impacts to cultural resources from Alternative 3 as compared to the No Action
Alternative. Noise data is used to identify where audible impacts may increase, decrease, or be
introduced. Time above 52 was used where noise increases are identified and modeled noise points can
be associated with cultural resources. Point data does not include areas outside of the ATMP planning
area that may be within the APE. As appropriate, maximum sound level and time audible metrics are
also utilized for additional context on increases in noise intensity and/or duration and evaluation of
whether impacts are adverse or beneficial to cultural resources where a quiet or natural setting
contributes to the significance. Alternative 2 was not modeled, so the same data is not available for
Alternative 2.

The impacts analysis considers the context and significant features of the resources as well as the nature
of the impacts that may result from the action, including the intensity and severity of the impact.
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Effects to cultural resources would occur if implementation of the alternative would alter the
characteristics of the resource that make it eligible for listing in the National Register or otherwise
culturally significant. Examples of effects that adversely impact cultural resources are noted in 36 CFR
800.5(a). An adverse effect finding under Section 106 does not automatically trigger a significant impact
under NEPA. The analysis of impacts will incorporate any measures developed through the Section 106
process to avoid, minimize or mitigate adverse effects. The relative effects to cultural resources is also
qualitatively compared across all alternatives. The NEPA documentation will report consultation
conducted as relevant to the delineation of the APE and affected environment. The results of Section
106 consultation and the FAA’s proposed finding of effect will also be included for the preferred
alternative when available. Relevant documentation of the Section 106 process will be included in the
appendix for reference.

4.5. Wilderness

An evaluation of impacts to Wilderness character includes a qualitative analysis of how each alternative
would affect the Natural and Solitude or Primitive and Unconfined Recreation qualities of Wilderness
character.

The results of the biological resources analysis are utilized to identify Wilderness areas that may
experience potential impacts to the natural quality of Wilderness character.

To identify potential impacts to solitude within Wilderness areas, the time audible natural ambient
metric from the noise technical analysis is utilized.

The analysis also considers the change in Wilderness character between current conditions and each
alternative, as well as provides qualitative comparison across all alternatives.

4.6. Visitor Use and Experience and Other Recreational Opportunities

The impact analysis for visitor use and experience and other recreational opportunities is analyzed for
visitors and air tour clients. The visitor analysis focuses effects on visitor points of interest and how
visitors use those areas, interpretive programs, and park management objectives related to visitor use
and experience, as identified in the Affected Environment of the EA. The Affected Environment also
identifies park management zones and objectives that would apply to the management of commercial
air tours. The environmental impact analysis quantitatively analyzes how the ATMP operating
parameters and the resultant resource conditions for visitor use and experience would change by
comparing existing conditions to the parameters proposed in the alternative. The analysis also utilizes
the results of the noise technical analysis to identify potential impacts to visitor use and experience from
the alternatives, including interpretive programs. As described in the Noise Technical Analysis, the time
above 52 dBA metric represents the level at which one may reasonably expect interference with park
interpretive programs. The locations of park interpretive programs and the corresponding time above
52 dBA are noted in order to identify impacts to interpretive programs that could occur. The analysis
also considers the different noise sensitivities of the different types of park visitor and visitor
experiences (e.g., backcountry vs. front-country), and how each of the alternatives could affect visitor
use at those sites. For areas of the park where visitors would have an expectation to hear natural
sounds, the analysis includes a reference to the results of the time audible, natural ambient metric. In
addition to considering noise effects on the park visitor experience, the analysis considers how visual
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effects could influence visitor use and experience (see method description for visual effects below). The
relative effects to park visitors are also qualitatively compared across all alternatives.

The impact analysis for other recreational opportunities applies to persons recreating outside the park
but within the ATMP planning area through the experience of air tours. Although they are not
considered park visitors, commercial air tours offer a recreational experience for those who wish to view
the park from a different vantage point. Impacts to the availability of this experience within the ATMP
planning area are considered by qualitatively analyzing how the opportunity to see the park from an air
tour within the ATMP planning area would change as a result of each alternative by comparing existing
conditions to the parameters proposed under each alternative. This analysis primarily considers how
routes and the number of tours authorized by each alternative could affect the availability of this
experience within the ATMP planning area for air tour clients.

4.7. Environmental Justice and Socioeconomics

The study area for the environmental justice (EJ) analysis includes the county or counties that are within
or partially within the park and %-mile of its boundary. As stated in the 1050.1F Desk Reference, the
combination of all study areas for the other relevant impact categories represents the potential impact
area for EJ, because EJ impacts may be realized in conjunction with impacts to any other impact
category. Refer to each environmental impact category’s respective section in this EA for a description
of the study area limits. The analysis incorporates data presented at the county level and from U.S.
Census block groups that are within and adjacent to the ATMP planning area.

U.S. Census data is used to identify the percentage of the populations within the counties that are low-
income (as identified by poverty status) and minority pursuant to U.S. Department of Transportation
(DOT) Order 5610.2(a), otherwise known as “EJ populations.” For the purposes of this EJ analysis, FAA
uses the minority and low-income definitions provided in DOT Order 5610.2a. The average of the
county income and minority population percentages is compared to block group level data on income
and race and ethnicity within the study area to determine if the population is an EJ community of
concern. A minority census block group considered as an EJ community is a census block group with a
minority population percentage greater than the average minority population percentage of the study
area. Any census block group with a minority population greater than the average of the study area is
designated as a census block group of EJ concern. A low-income population census block group
considered as an EJ community is a census block group with a greater percentage of low-income
population than the average percentage of low-income population in the study area. Each census block
group with a low-income population greater than the study area average is designated a census block
group of EJ concern. State and local data has also been evaluated to confirm accuracy of findings.

The EJ analysis considers the ATMP operating parameters (i.e., locations of the commercial air tour
routes, altitudes, and frequencies) under each alternative as well as the results of the analyses for Noise
and Noise-Compatible Land Use, Air Quality, and Visual Effects, as well as the corresponding
environmental effects of each alternative. The analysis identifies if each alternative would cause
disproportionately high and adverse effects on low-income or minority populations within the study
area. The definitions for disproportionately high and adverse effects provided in DOT Order 5610.2(a) is
used to conduct the analysis. The significance of the impacts to EJ populations is determined by
identifying the context, intensity, and relation the impact has to other environmental impact categories.
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Specifically, for each environmental impact category, the analysis identifies if an EJ population would
sustain more of an impact than any other population segment. In doing so, the impacts to
environmental impact categories are considered, as well as if the impacts would affect the EJ population
in a way that the agencies determine is unique or significant to that population.

The socioeconomic analysis considers the effects the alternatives may have on local business activity.
This could include businesses within the ATMP planning area that could be affected by noise or other
effects of the ATMP, such as ranching operations, and will also evaluate effects of the alternatives on
the commercial air tour industry and related businesses. Specifically, the EA analyzes how commercial
air tour operators may support economic development by generating income for other ancillary tourism
industry businesses. The EA describes how the number of flights authorized by each alternative
compares to the current level of air tours reported by each operator. The analysis notes that the
competitive bidding process may redistribute the number of flights and income between individual
operators in the future.

Given the nature of the alternatives, the agencies do not anticipate impacts to the housing, race, age, or
population conditions of the ATMP planning area; therefore, effects to these socioeconomic
characteristics within the ATMP planning area have not been analyzed.

As they occur, the EA will document efforts that the agencies performed to incorporate EJ principles
throughout the ATMP development process, including opportunities for engagement with EJ
populations throughout the ATMP planning area.

4.8. Visual Effects

In accordance with FAA’s 1050.1F Desk Reference, visual effects deal broadly with the text to which the
alternatives would either: 1) produce light emissions that create annoyance or interfere with activities;
or 2) contrast with, or detract from, the visual resources and/or visual character of the existing
environment. As air tours occur during daylight, the EA focuses on visual effects on visual resources and
character and not light emissions. Visual effects on resources discussed in other sections of the EA are
discussed in those sections and a cross-reference to the Visual Effects section is provided.

Visual resources may include structures or objects that identify landscape features that are visually
important or have unique characteristics. In addition, visual resources can include the cohesive
collection of various individual visual resources that can be viewed at once or in concert from the area
surrounding the site of the alternatives. Visual character refers to the overall visual makeup of the
existing environment where the alternatives are located.

The study area for visual effects includes the park and % mile buffer up to 5,000 ft. AGL, which
corresponds with the ATMP planning area. The study area for visual effects also includes areas within
the cultural resources APE that are outside the ATMP planning area. The impact analysis focuses on
analyzing effects to park viewsheds and notable visual resources, as identified in the Affected
Environment, which notes any aesthetic value and unique aspects within the park. The analysis analyzes
how the ATMP operating parameters (e.g., number of tours, location of the routes, altitudes,
hovering/loitering, and other ATMP elements that could affect park viewsheds) for each alternative and
the resultant park viewshed resource conditions would change by comparing existing conditions to the
parameters proposed in the alternative. The relative effects to park viewsheds are also compared
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across all alternatives. Impacts to visual resources and visual character relate to a decrease in the
aesthetic quality of the park resulting from air tours. According to FAA’s 1050.1F Desk Reference,
significance of impacts is determined based on the degree the action would have to affect the visual
character of the area, taking into consideration the importance, uniqueness, and aesthetic value; the
degree to which the action contrasts with the visual resources or character; and the degree to which
views are obstructed.

4.9. Coastal Resources

The Coastal Zone Management Act (CZMA) (16 U.S.C. §§ 1451-1466) provides for management of US
coastal resources, including the Great Lakes, to help coastal states balance conservation and restoration
of natural resources with community development to develop their economies and support ecosystems.
The state of HI administers a CZM program and has established objectives and their supporting policies
(HI Revised Statutes § 205A-2) to help the HI CZM Program evaluate the consistency of proposed federal
actions. The entire state of Hl is considered a coastal zone under the HI CZM program. Therefore, the
study area for coastal resources reflects the ATMP planning area.

The affected environment for this environmental impact category identifies resources within the study
area that are relevant to the evaluation of the proposed action’s consistency with the enforceable
policies of the HI CZM program.

According to FAA’s 1050.1F Desk Reference, the significance of impacts considers the degree to which
the action would be inconsistent with the relevant state coastal zone management plan(s); impact a
coastal barrier resources system unit (and the degree to which the resource would be impacted); pose
an impact to coral reef ecosystems (and the degree to which the ecosystem would be affected); cause
an unacceptable risk to human safety or property; or cause adverse impacts to the coastal environment
that cannot be satisfactorily mitigated. As land acquisition, construction, or other ground disturbing
activities would not occur because of the proposed action, the effects analysis for coastal resources
focuses on an evaluation of the preferred alternative’s consistency with the enforceable policies of the
HI CZM Program, including their objectives and supporting policies (Hawai‘i Revised Statutes § 205A-2).
This analysis is provided in Appendix K, CZMA Compliance, and the conclusions summarized in the
Environmental Consequences section of the EA. The agencies will provide the consistency
determination as well as a copy of the EA to the HI CZM Program Office concurrent with the release of
the EA for public review and request their concurrence with the agencies’ determination.

4.10. Department of Transportation Act Section 4(f) Resources

Section 4(f) is applicable to historic sites and publicly owned parks, recreation areas, and wildlife and
waterfowl refuges of national, state, or local significance that may be impacted by transportation
programs or projects carried out by the U.S. DOT and its operating administrations, including the FAA.
The study area for considering Section 4(f) resources in this EA corresponds with the APE used for
compliance with Section 106 of the NHPA.

Historic properties are identified as part of the Section 106 consultation process (see section above:
Cultural Resources). Parks, recreational areas, and wildlife and waterfowl refuges are identified using
public datasets from federal, state, and local sources. The study area for Section 4(f) analysis is the
same as the APE identified as part of Section 106. Each resource that intersects the study area is
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included in the Section 4(f) analysis. A list of these properties as well as a short description, the
approximate size, and Official(s) with Jurisdiction has been compiled, and the properties was mapped.

As land acquisition, construction, or other ground disturbance activities would not occur under the
ATMP, the alternatives would not have the potential to cause a permanent use of a Section 4(f)
resource. Therefore, analysis of potential impacts to Section 4(f) resources is limited to identifying
impacts that could result in a constructive use. Evaluating potential impacts to Section 4(f) resources
focuses on changes in aircraft noise exposure and visual effects resulting from implementing the
alternative. A constructive use of a Section 4(f) resource would occur if there was a substantial
impairment of the resource to the degree that the activities, features, or attributes of the site that
contribute to its significance or enjoyment are substantially diminished. This could occur as a result of
both visual and noise impacts. The FAA has evaluated the Section 4(f) resources for potential noise
(including vibration) and visual impacts for the preferred alternative to determine if there will be
substantial impairment to Section 4(f) resources due to the preferred alternative that would result in a
constructive use.

The methodology for the noise impacts analysis will reflect that described for the Noise and Noise-
Compatible Land Use resource category (see above). The methodology for the visual impacts analysis
reflects that described under the Visual Effects resource category (see above). As noted, both resource
analyses describe the effects of the alternative itself as well as the relative change from the
environmental baseline.

Noise impacts on Section 4(f) resources are analyzed using location point data provided in the Noise
Technical Analysis. Location points are used to model noise across multiple metrics (e.g., 12-hour
Equivalent Sound Level, Time Above 52 dBA) at specific points of interest in the study area, including
forests, geological features, and historic sites, and often correspond to Section 4(f) resources. For
Section 4(f) resources without corresponding location point data, noise impacts are assessed using the
closest location point(s). The range of time (in minutes) above 52 dB is reported for each Section 4(f)
resource.
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1. Introduction

The purpose of this report is to present the noise results used in the alternatives impact analysis
discussed in the Haleakala National Park (Park) Air Tour Management Plan (ATMP) Draft Environmental
Assessment (EA) and to document the inputs and assumptions used in the computer modeling of air
tour aircraft activity. This information will provide the reader with the technical basis used to assess
potential impacts to the following resource categories — Noise and Noise-Compatible Land Use;
Biological Resources; Department of Transportation Act Section 4(f) Resources, Cultural Resources;
Environmental Justice and Socioeconomics; Visitor Use and Experience; Wilderness; including indirect
and cumulative effects.

Humans perceive sound as an auditory sensation created by pressure variations that move through a
medium such as water or air. Sound is measured in terms of amplitude and frequency. Amplitude,
which refers to the sound pressure level or intensity, is the relative strength of sound waves which
humans perceive as loudness or volume and is measured in decibels (dB). Decibels work on a
logarithmic scale, such that an increase of 10 dB causes a doubling of perceived loudness and represents
a ten-fold increase in sound level. Thus 20 dB would be perceived as twice as loud as 10 dB, 30 dB
would be perceived as 4 times louder than 10 dB, 40 dB would be perceived as 8 times louder than 10
dBA, etc. (see Table 1).

Table 1. Subjective Effect of Change in Sound Level

Change in Sound Level | Perceived Change to Human Ear
+1dB Not Perceptible

+3dB Threshold of Perception

+5dB Obvious Change

+10dB Twice / Half as Loud

+20dB Fourfold or % as Loud

The A-weighted decibel scale (dBA) is commonly used to describe sound levels because it reflects the
frequency range to which the human ear is most sensitive.! The dBA scale from zero to 110 covers most
of the range of everyday sounds, as shown in Figure 1. Note that sound levels in protected natural

1 dBA (A-weighted decibels): Sound is measured on a logarithmic scale relative to the reference sound pressure for
atmospheric sources, 20 uPa. Sound levels are reported in units of decibels (dB) (ANSI S1.1-1994, American
National Standard Acoustical Terminology). A-weighting is applied to sound levels to account for the sensitivity of
the human ear (ANSI S1.42-2001, Design Response of Weighting Networks for Acoustical Measurements). To
approximate human hearing sensitivity, A-weighting discounts sounds below 1 kHz and above 6 kHz.
