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Ocean Noise Strategy Roadmap Executive Summary 
 

INTRODUCTION 
LƴŎǊŜŀǎƛƴƎ ƘǳƳŀƴ ŀŎǘƛǾƛǘȅΣ ŀƭƻƴƎ ƳƻǊŜ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ŎƻŀǎǘƭƛƴŜǎ ŀƴŘ ŜȄǘŜƴŘƛƴƎ ŦŀǊǘƘŜǊ ƻŦŦǎƘƻǊŜ ƛƴ ŘŜŜǇ 
ocean environments, is leading to rising levels of anthropogenic underwater noise. Increasing noise 
levels are impacting the animals that inhabit these places in complex ways and their ecosystems, 
including through acute, chronic, and cumulative effects. In the U.S., the National Oceanic and 
Atmospheric Administration (NOAA) is the federal agency that is most responsible for protecting aquatic 
ŀƴƛƳŀƭǎ ŀƴŘ ǘƘŜƛǊ ƘŀōƛǘŀǘǎΣ ǘƘǊƻǳƎƘ ŀ ǾŀǊƛŜǘȅ ƻŦ ƭŜƎŀƭ ƳŀƴŘŀǘŜǎΦ bh!!Ωǎ ŀǇǇǊƻŀŎƘ ǘƻǿŀǊŘǎ ŦǳǊǘƘŜǊ 
understanding and managing underwater noise should be multi-faceted. Numerous studies illustrate 
specific adverse physical and behavioral effects that exposure to certain noise types and levels can have 
on different species. Additionally, sound is a fundamental component of the physical and biological 
habitat that many aquatic animals and ecosystems have evolved to rely on over millions of years. In just 
the last ~100 years human activities have caused large increases in introduced noise and changes in 
soundscapes.1 These changes can lead to reduced ability to detect and interpret acoustic cues that 
animals use to select mates, find food, maintain group structure and relationships, avoid predators, 
ƴŀǾƛƎŀǘŜΣ ŀƴŘ ǇŜǊŦƻǊƳ ƻǘƘŜǊ ŎǊƛǘƛŎŀƭ ƭƛŦŜ ŦǳƴŎǘƛƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ bh!!Ωǎ ƳŀƴŀƎŜƳŜƴǘ Ǝƻŀƭǎ ŀƴŘ ŀŎǘƛƻƴǎ 
should aim to address chronic effects and conserve the quality of acoustic habitats2 in addition to 
minimizing more acute adverse physical and behavioral impacts on specific species. 
 
IŜǊŜΣ ǿŜ ǇǊŜǎŜƴǘ ǘƘŜ bh!! hŎŜŀƴ bƻƛǎŜ {ǘǊŀǘŜƎȅ όǘƘŜ Ψ{ǘǊŀǘŜƎȅΩύ Roadmap.  This document is designed 
to support the implementation of an agency-wide strategy for addressing ocean noise over the next 10 
years.  The Roadmap ƘƛƎƘƭƛƎƘǘǎ ŀ ǇŀǘƘ ǘƻ ŜȄǇŀƴŘ bh!!Ωǎ ƘƛǎǘƻǊƛŎŀƭ ŦƻŎǳǎ ƻƴ ǇǊƻǘŜŎǘƛƴƎ ǎǇŜŎƛŦƛŎ ǎǇŜŎƛŜǎ 
by additionally addressing noise impacts on high value acoustic habitats3.  Fundamentally, the Strategy 
Roadmap serves as an organizing tool to rally the multiple NOAA offices that address ocean noise 
impacts around a more integrated and comprehensive approach.  A series of key goals and 
recommendations are presented that would improve bh!!Ωǎ ŀōƛƭƛǘȅ ǘƻ ƳŀƴŀƎŜ ōƻǘƘ ǎǇŜŎƛŜǎ and the 
places they inhabit in the context of a changing acoustic environment.  The Strategy Roadmap is not 
intended to be a prescriptive listing of program-level actions.  Instead this document is intended to 
provide a cross-line office roadmap summarizing some of the essential steps that could be taken across 
ǘƘŜ ŀƎŜƴŎȅ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ {ǘǊŀǘŜƎȅΩǎ Ǝƻŀƭǎ ŦƻǊ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƳŀƴŀƎŜƳŜƴǘ of noise impacts.   
 
The information and guidance included in the Roadmap can strengthen the abilities of regulatory and 
science programs addressing noise impacts (including those with noise-producing operations) to meet 
their existing strategic goals and plans.  Some recommendations suggest actions that could be taken by 
individual programs within the agency, while others highlight opportunities for parallel activity or 
partnerships among multiple programs.  Crafting and implementing modernized management 
approaches that balance competing needs of lawful commercial, economic, scientific, national defense 
and security activities, protected species, and natural acoustic habitats will continue to present NOAA 
significant challenges over the coming decade. The recommendations outlined in the Roadmap suggest 

                                                           
1
 International Standards Organization 12913-1:2014: άThe standard distinguishes the perceptual construct 

(soundscape) from the physical phenomenon (acoustic environment), and clarifies that soundscape exists through 
human perception of the acoustic environment." In practice, however, wildlife ecologists have defined 
soundscapes as the sound present in a particular location and time, considered as a whole.  
2
 Distinguishable soundscapes inhabited by individual animals or assemblages of species, inclusive of both the 

sounds they create and those they hear. 
3
 See Chapter 2 
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cross-agency actions that would put NOAA on the path to meeting these challenges and achieving the 
goals of the Strategy. Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ŎƻƴǎŜǊǾƛƴƎ ƳŀǊƛƴŜ ǊŜǎƻǳǊŎŜǎΣ bh!!Ωǎ 
mandates include permitting impacts to marine species and their habitat, including impacts from noise, 
provided those impacts are not too severe and appropriate protective measures are included.  NOAA 
implements these responsibilities via authorizations, consultations, and other mechanisms, and 
incorporates a variety of protective measures to minimize the impacts of noise. The Strategy aims to 
further ensure that NOAA is addressing these broader goals as effectively as possible across multiple 
actions and programs, and that the agency is targeting the science and stakeholder engagement 
necessary to support its diverse responsibilities. 
 
HISTORY AND DEVELOPMENT OF OVERARCHING GOALS 
In 2010, NOAA leadership committed to improving the tools used by the agency to evaluate the impacts 
of anthropogenic noise on cetacean species. This led to the convening of two parallel data- and product-
ŘǊƛǾŜƴ ǿƻǊƪƛƴƎ ƎǊƻǳǇǎ ŎƻƭƭŜŎǘƛǾŜƭȅ ƪƴƻǿƴ ŀǎ ά/Ŝǘ{ƻǳƴŘέ ό/ŜǘŀŎŜŀƴǎ ŀƴŘ {ƻǳƴŘ aŀǇǇƛƴƎύ.  The 
CetSound working groups: (1) created a new cetacean density and distribution data visualization and 
exploration tool, and; (2) predicted wide-ranging, long-term underwater noise contributions from 
multiple human activities. In 2012, the geospatial tools developed by these working groups were 
presented to a large audience representing a diversity of stakeholders. Following the broadly positive 
reception of the tools, NOAA leadership encouraged the development of a 10-year Ocean Noise Strategy 
to guide the agency to a more integrated and comprehensive management of ocean noise impacts. 
 
{ǘŀŦŦ ŀƴŘ ƭŜŀŘŜǊǎƘƛǇ ŦǊƻƳ bh!! CƛǎƘŜǊƛŜǎΩ hŦŦƛŎŜǎ ƻŦ tǊƻǘŜŎǘŜŘ wŜǎƻǳǊŎŜǎ ŀƴŘ {ŎƛŜƴŎŜ and Technology 
ŀƴŘ ǘƘŜ bŀǘƛƻƴŀƭ hŎŜŀƴ {ŜǊǾƛŎŜΩǎ hŦŦƛŎŜ ƻŦ bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎ ƛŘŜƴǘƛŦƛŜŘ four overarching 
goals the Strategy aims to achieve: 
 

1. SCIENCE: NOAA and federal partners are filling shared critical knowledge gaps and building 

understanding of noise impacts over ecologically-relevant scales 

2. MANAGEMENT4Υ bh!!Ωǎ ŀŎǘƛƻƴǎ ŀǊŜ ƛƴǘŜƎǊŀǘŜŘ ŀŎǊƻǎǎ ǘƘŜ ŀƎŜƴŎȅ ŀƴŘ ƳƛƴƛƳƛȊƛƴƎ ǘƘŜ ŀŎǳǘŜΣ 

chronic and cumulative effects of noise on marine species and their habitat 

3. DECISION SUPPORT TOOLS: NOAA is developing publically available tools for assessment, 

planning and mitigation of noise-making activities over ecologically-relevant scales 

4. OUTREACH: NOAA is educating the public on noise impacts, engaging with stakeholders & 

coordinating with related efforts internationally 
 

In order to advance a 10-year strategy to accomplish this vision, in 2013 NOAA leadership solicited 
participation in a cross-NOAA team (see Appendix D) that would encompass a diverse group of scientific 
experts, regulatory practitioners, managers, and lawyers who are knowledgeable in the field of ocean 
noise and represent multiple programs or authorities through which NOAA regulates, researches, or 
produces ocean noise. Participants identified the need for a roadmap document to articulate the goals 
of the Strategy and to suggest approaches for achieving a more integrated and comprehensive 
understanding and management of ocean noise impacts.  A subset of participants (see Appendix D) then 

                                                           
4
 ¢ƘŜ ǘŜǊƳ άƳŀƴŀƎŜƳŜƴǘέ ǊŜŦŜǊǎ ƘŜǊŜ ǘƻ ŀƭƭ bh!! ŀŎǘƛƻƴǎ ǘƘŀǘ ǎŜŜƪ ǘƻ ǊŜŘǳŎŜ ƻǊ ŜƭƛƳƛƴŀǘŜ ƛƳǇŀŎǘǎ ǘƻ ǘǊǳǎǘ 
ǊŜǎƻǳǊŎŜǎ όƛΦŜΦ ǎǇŜŎƛŜǎΣ ǎǘƻŎƪǎΣ Ƙŀōƛǘŀǘǎ ŀƴŘ ŀǊŜŀǎ ǳƴŘŜǊ bh!!Ωǎ ǇǳǊǾƛŜǿύΦ {ǳŎƘ ŀŎǘƛƻƴǎ ƛƴŎƭǳŘŜ ŀ ǾŀǊƛŜǘȅ ƻŦ 
methods by which individual NOAA programs implement their long-term strategic plans, including, but not limited 
to, activity-specific regulation of impacts to individual species and stocks, prioritization of internal capacities, 
providing regional, national and international leadership or coordination of protective actions, and providing 
recommendations or guidance to other federal and state agencies. 
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drafted the Ocean Noise Strategy Roadmap. The draft Roadmap was circulated in 2015 first among all 
Strategy participants, and then more broadly within the line offices they represented. In addition, 
Strategy leads provided informational briefings and distributed the document to additional NOAA 
programs that had potential interest in the initiative but that did not identify staff to participate in the 
drafting.  
 
OCEAN NOISE STRATEGY ROADMAP 
The purpose of the NOAA Ocean Noise Strategy Roadmap ƛǎ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ŀƎŜƴŎȅΩǎ ǳǎŜ ƻŦ ƛǘǎ 
capabilities and authorities to more effectively understand and address the effects of noise on protected 
species and ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΦ CƻǳǊ ŎƘŀǇǘŜǊǎ ŀŘŘǊŜǎǎ ƪŜȅ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ {ǘǊŀǘŜƎȅΩǎ ŀǇǇǊƻŀŎƘ ŀƴŘ 
provide place-based examples: 
 

Chapter 1: Reviewing species level impacts of ocean noise and associated management actions 
Chapter 2: Establishing the foundation for understanding and managing acoustic habitats for 
NOAA trust species and places 
Chapter 3: Reviewing bh!!Ωǎ ŎǳǊǊŜƴǘ ŎŀǇŀōƛƭƛǘȅ ǘƻ characterize aquatic soundscapes and 
enhancing this capacity for the future 
Chapter 4: Applying risk assessment to place-based examples that highlight Roadmap science 
and management recommendations 

 
Chapter 1 (Reviewing species level impacts of ocean noise and associated management actions) with 
associated Appendices, summarizes the status of the science needed to understand, characterize, and 
ƳŀƴŀƎŜ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƴƻƛǎŜ ŀŎǊƻǎǎ bh!!Ωǎ ǇǊƻǘŜŎǘŜŘ ǎǇŜŎƛŜǎΦ ¢ƘŜ /ƘŀǇǘŜǊ outlines and summarizes 
historical approaches to noise management, and presents recommendations for improved approaches 
moving forward. The Chapter highlights the current status of and need for methodological approaches 
to determine population level and cumulative consequences to NOAA resources. bh!!Ωǎ ŀǳǘƘƻǊƛǘƛŜǎ ŦƻǊ 
addressing noise impacts on managed species and their identified habitats are then summarized, and 
current practices for applying these authorities are described. The Chapter identifies high priority 
science, risk assessment, and management exampleǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ bh!!Ωǎ ŎǳǊǊŜƴǘ 
management practices to address chronic and cumulative noise impacts, and broaden practices to 
better address impacts to sea turtles, fish and marine invertebrates. Additional detail is provided in the 
associated Appendices. Appendix A outlines the status of science regarding sound use by, and noise 
impacts to, four broad taxonomic groups for which NOAA has different management responsibilities: 
marine mammals, fish, invertebrates, and sea turtles. Appendix B summarizes the status of information 
regarding presence, abundance, distribution, density, habitat use, and population trends for these 
species. 
 
Chapter 2 (Establishing the foundation for understanding and managing acoustic habitats for NOAA trust 
species) presents the basis for the development of an agency-wide strategy to more comprehensively 
manage noise impacts on acoustic habitats. bh!!Ωǎ ǇƭŀŎŜ-based management tools are examined to 
consider their application to acoustic habitat protection goals, highlighting activities that are underway 
or could be undertaken to achieve these goals. Recommended activities include: 1) partnerships with 
regulated federal agencies and industries to address longer-term and wider-ranging noise impacts via 
promotion of quieter technologies; 2) development of tools and application to marine planning and 
traditional protected species management efforts to account for cumulative noise within places where 
acoustically active or sensitive species live; and 3) fulfilling the current potential of existing NOAA 
authorities to address noise implications within areas with more holistic protective goals, such as 
bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎΦ ¢ƘǊƻǳƎƘƻǳǘΣ ƛƴŦƻǊƳŀǘƛƻƴ ƴŜŜŘǎ ŦƻǊ bh!!Ωǎ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻf high risk 
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acoustic habitats are discussed, including implications for broadening the focus of noise-related research 
to better characterize habitat status and noise influence as mediated through entire ecosystems.   
 
Chapter 3 (Reviewing bh!!Ωǎ ŎǳǊǊŜƴǘ Ŏapability to characterize aquatic soundscapes and enhancing this 
capacity for the future) addresses the science needs highlighted in Chapters 1 and 2 that suggest a need 
for the agency to augment its capacity to effectively understand and accurately characterize 
soundscapes and the component sounds that comprise them. Soundscapes can be characterized 
through the use of a range of both fixed and mobile equipment platforms to collect acoustic data.  
Acoustic analyses can include measurement of both specific sounds over short time frames, to broader 
quantifications of the multiple component sounds and overarching variability inherent in a soundscape 
or acoustic habitat. In addition, in the absence of empirical data, the use of predictive sound field 
modeling to assess the likely acoustic contribution of anthropogenic sources in various human-use 
scenarios plays a key role in ƳŜŜǘƛƴƎ bh!!Ωǎ ǎŎƛŜƴŎŜ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƎƻŀƭǎΦ Offices across NOAA are 
increasingly utilizing a variety of fixed and mobile platforms to collect acoustic data to study the ecology 
and behavior of marine animals, ambient ocean noise, geophysical events, as well as anthropogenic 
noise that could affect marine life. ¢ƻ ǎǳǇǇƻǊǘ ŀƴŘ ŎƻƴǘƛƴǳŜ ǘƘƛǎ ŜȄǇŀƴǎƛƻƴ ƛƴ bh!!Ωǎ ǇŀǎǎƛǾŜ ŀŎƻǳǎǘƛŎ 
research capability, the Roadmap recommends strategic coordination among research programs, 
development of a standardized data and metadata archival system and analysis routines, and increased 
predictive modeling capacity to achieve ǘƘŜ {ǘǊŀǘŜƎȅΩǎ science and management priorities.  
 
Chapter 4 (Applying risk assessment to place-based examples that highlight Roadmap science and 
management recommendations) presents two place-based case studies that highlight the RoadmapΩǎ 
science and management recommendations within a risk assessment process. Risk assessment can 
integrate information regarding soundscapes and the places and species the agency manages in order to 
identify priorities for noise management. Results can inform NOAAΩǎ decision-making regarding 
allocation of limited agency resources to address data gaps. Finally, risk assessment can support choices 
regarding which management approaches to apply as well as highlighting the need for enhanced 
authorities or partnerships, and provide mechanisms for evaluating the success or failure of various 
approaches. The first case study applies risk assessment processes to examine noise impacts to fin, blue 
and humpback whales in and around Channel Islands National Marine Sanctuary. The second case study 
provides a preliminary assessment of spawning areas used by acoustically sensitive and commercially 
important fishes off the U.S. East Coast. These case studies identify current or potential NOAA assets for 
assessing noise risks and managing noise impacts, highlighting partnerships that are in place or could be 
further developed to address Roadmap recommendations for science, management and outreach. 
 
SUMMARY OF OVERARCHING AND CROSSCUTTING RECOMMENDATIONS 
Chapters 1-3 include recommendations for steps NOAA could take to achieve the Strategy goals. A 
summary table of these recommendations follows, categorized by the primary Strategy goal each action 
addresses and the key chapter(s) in which it appears.  Relevance to multiple Strategy goals is identified 
for some recommended actions.  These recommended actions would improve understanding and 
management of the specƛŜǎ ŀƴŘ Ƙŀōƛǘŀǘǎ ǳƴŘŜǊ bh!!Ωǎ ŎŀǊŜ and utilize the diverse expertise within the 
agency to more comprehensively address the impacts of noise.   
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Primary 
Strategy 

Goal 
Recommendation 

Key 
Chapters 

Additional 
Goals 

Addressed 

Management:  Expanding types of, scopes of, and coordination among 
NOAA authorities to address noise issues 

1,2 
 

  
  
  
  
  

Identification and utilization of a full range of NOAA authorities 
to better manage the impacts of noise on trust resources 

1,2 
 

Development of national guidance for acoustic impact 
thresholds and other management tools 

1  

Increased use of programmatic approaches through MMPA and 
ESA to allow for better consideration of multiple activities, 
longer timeframes, and acoustic habitat impacts 

1,2 
 

Improving management effectiveness for acoustic habitat 
through incorporation of place-based authorities as they relate 
to species or habitat focused goals 

2 
 

Utilization of National Marine Sanctuaries to develop increased 
capacity for preserving, restoring, and maintaining natural 
acoustic habitats, as well as the protected species associated 
with them, through new management measures, regulations, 
dedicated scientific research, and outreach programs  

2 
Science; 
Outreach 

Expansion of existing international partnerships with regulated 
agencies and industries to promote use of quieter technologies 

2 
Science; 
Outreach 

Science and Monitoring:  Development of comprehensive and forward-
looking science plans identifying most effective and efficient means to 
address critical data needs for understanding noise impacts on protected 
species and acoustic habitats 

1,2,3 Management 

  
  
  

Establishment of a NOAA-led, long-term, standardized and 
calibrated acoustic monitoring network across the agency 

3 Management 

Development of an archival database to house NOAA passive 
acoustic metadata, raw data, and outputs of standardized data 
analysis routines 

3 Tools 

Enacting monitoring requirements for compliance processes that 
reflect comprehensive science goals, and further identifying 
actions that may be taken at different scales to address varying 
resources and capabilities 

1 Management 

Decision Support Tools and Services: Development of processes and tools 
to compile, geospatially depict, and analyze marine species distributions, 
soundscapes, and NOAA-permitted/authorized activities for use in risk 
assessment, mitigation development and planning. 

1,2,3,4 
Management; 
Science; 
Outreach 

  
  

5ŜǾŜƭƻǇƛƴƎ bh!! Ψƛƴ-ƘƻǳǎŜΩ ŎŀǇŀŎƛǘȅ ŦƻǊ ǇǊŜŘƛŎǘƛǾŜ ǎƻǳƴŘ ŦƛŜƭŘ 
and sound exposure modeling 

1,3 
Management; 
Science; 
Outreach 

Standardization of data analysis routines and output metrics for 
soundscape measurements 

3 
Science; 
Outreach 

Outreach, Collaboration, and Stakeholder Engagement:  Further 
development of outreach programs to support the activities outlined above 

1,2 
Management; 
Science; Tools 
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The NOAA Ocean Noise Strategy and Managed Species 
 
INTRODUCTION 

There are a number of human activities that can introduce potentially detrimental levels of sound into 
the aquatic environment (see Chapter 3), affecting a wide range of acoustically sensitive animals.  Many 
of these human-made sounds are incidental to the purpose of the activity, such as the intense impulsive 
sounds produced during pile driving with impact hammers or the lower level continuous sounds 
produced by vessel traffic. Other sounds are an integral and necessary part of the activity, such as the 
sounds produced by active sonar or the impulsive sounds generated by seismic airguns used for oil and 
gas exploration or research.  All of these activities can potentially affect the animals present in the 
ensonified area (the area in which the sound is detectable above other sounds), some of which are 
federally managed as protected species.  Potential effects range from none to altering important 
behavioral patterns, masking, hearing impairment, habitat abandonment, or even death, in certain 
circumstances.  

Sound is often of critical importance to aquatic fauna, not only for purposeful communication with 
conspecifics, but also in the detection of predators and prey, and for navigation and other purposes.  
Competing sounds that interfere with the detection or interpretation of these important cues can result 
in detrimental effects to aquatic sǇŜŎƛŜǎ ǳǘƛƭƛȊƛƴƎ ŀ ƎƛǾŜƴ άŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘέ όǎŜŜ /ƘŀǇǘŜǊ н5).  Sounds 
utilized for purposes other than communication span frequency ranges beyond those used in 
vocalizations. Of growing concern is the need to address the chronic (persistent/longer-term) and 
aggregated or cumulative effects of rising noise levels resulting from increased human activities across 
multiple sectors, industries, and federal agencies.   

aƻǊŜ ŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀƴŘ ƘƛǎǘƻǊƛŎŀƭƭȅ ŀŘŘǊŜǎǎŜŘ ǘƘǊƻǳƎƘ bh!!Ωǎ ŜȄƛǎǘƛƴƎ ŀǳǘƘƻǊƛǘƛŜǎ ŀǊŜ ǘƘŜ ŘƛǊŜŎǘ ƻǊ 
acute (i.e., of rapid onset and shorter duration) physical, physiological, and behavioral impacts that 
noise exposure can have on marine fauna.  These effects are often addressed in the context of a single 
activity and include hearing impairment (i.e. permanent or temporary threshold shift, see Appendix A), 
tissue damage, or behavioral disturbance of varying degrees and outcomes (e.g., vocalization changes, 
migration deflection, avoidance of areas, feeding disruptions).  Adverse stress responses, which can 
have acute and/or chronic effects, have not typically been comprehensively addressed.  All of the 
aforementioned effects, acute and chronic, in certain circumstances and in combination with one 
another, can translate to adverse health or energetic effects that can ultimately lead to reduced survival, 
growth or reproductive success of individuals with potentially adverse population impacts.   
 
Through the Marine Mammal Protection Act (MMPA), Endangered Species Act (ESA), Magnuson-Stevens 
Conservation and Management Act (MSA), and the National Marine Sanctuaries Act (NMSA), NOAA is 
responsible for the management of all but a small number of marine mammals, all sea turtles, ESA-listed 
fish and invertebrates, many commercially important fish and significant marine areas.  Examples of the 
effects described in previous paragraphs are known across many marine taxa including marine 
mammals, fish, invertebrates, and sea turtles.  Management and science actions related to noise effects 
have been more heavily publicized and highlighted for marine mammals and this document seeks to 
highlight the need to better address the impacts of underwater noise on other taxa, many of the 

                                                           
5
 !ƭƭ ƻŦ ǘƘŜ ǎƻǳƴŘ ǇǊŜǎŜƴǘ ƛƴ ŀ ǇŀǊǘƛŎǳƭŀǊ ƭƻŎŀǘƛƻƴ ŀƴŘ ǘƛƳŜΣ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ǿƘƻƭŜΣ ŎƻƳǇǊƛǎŜǎ ŀ άǎƻǳƴŘǎŎŀǇŜέ 

(Pijanowski et al. 2011). When examined from the perspective of the animals experiencing it, a soundscape may 
ŀƭǎƻ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘέ ό/ƭŀǊƪ Ŝǘ ŀƭΦ нллфΣ aƻƻǊŜ Ŝǘ ŀƭΦ нлмнŀΣ aŜǊŎƘŀƴǘ Ŝǘ ŀƭΦ нлмрύΦ 
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examples in this Chapter are specific to marine mammals because of the information available ς but the 
concepts are still often applicable to other taxa. 
 
Through this NOAA Ocean Noise Strategy Roadmap document (Roadmap) and in support of the overall 
{ǘǊŀǘŜƎȅΣ bh!! ǎŜŜƪǎ ǘƻ ŦƻŎǳǎ ŀƴŘ ƎǳƛŘŜ ǘƘŜ ŀƎŜƴŎȅΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ŀƴŘ ŀǳǘƘƻǊƛǘƛŜǎ ǘƻ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜƭȅ 
address the effects of noise on protected species (meaning the taxa indicated above that are managed 
ǳƴŘŜǊ bh!!Ωǎ ŀǳǘƘƻǊƛǘƛŜǎύ ŀƴŘ ƘŀōƛǘŀǘǎΦ  bh!! Ƙŀǎ ǇǊƻƎǊŀƳǎ ǘƘŀǘ ǊŜƎǳƭŀǘŜ ƛƳǇŀŎǘǎ όƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ 
from noise) on protected species and their habitat, programs that gather data and conduct research 
related to noise and protected species, and programs that produce underwater noise during the course 
ƻŦ ǘƘŜƛǊ ƴƻǊƳŀƭ ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ŘǳǘƛŜǎ όŜΦƎΦΣ bh!!Ωǎ ǳǎŜ ƻŦ ŀŎǘƛǾŜ ǎŎƛŜƴǘƛŦƛŎ ǎƻƴŀǊ ǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ŎƻǳǊǎŜ ƻŦ 
fisheries research).  In addition to providing new focus on the importance of addressing the chronic and 
aggregate effects of rising noise levels on acoustic habitat, NOAA also aims to identify and agency 
actions to better address the acute, direct physical and behavioral effects of noise exposures to 
individuals and their ultimate effects on the populations.  We specifically draw attention to the following 
additional three needs:  (1) better understanding of how noise impacts on individuals can translate to 
population level effects; (2) better understanding of the aggregated effects, on individuals and 
populations, of multiple noise sources and cumulative effects of noise combined with other stressors; 
ŀƴŘ όоύ ōǊƻŀŘŜƴƛƴƎ bh!!Ωǎ ǇǊŀŎǘƛŎŜǎ ǘƻ ōŜǘǘŜǊ ŀŘŘǊŜǎǎ ƛƳǇŀŎǘǎ ǘƻ ŦƛǎƘΣ ƛƴǾŜǊǘŜōǊŀǘŜǎΣ ŀƴŘ ǎŜŀ ǘǳǊǘƭŜs. 
 
This Chapter (and associated Appendices) is organized in the following manner: 

¶ Lƴ ǘƘŜ ά.ǳƛƭŘƛƴƎ .ƭƻŎƪǎ ƻŦ LƳǇŀŎǘ !ǎǎŜǎǎƳŜƴǘέ ǎŜŎǘƛƻƴ ŀƴŘ !ǇǇŜƴŘƛŎŜǎ ! ŀƴŘ .Σ  ǿŜ ǎǳƳƳŀǊƛȊŜ 
the status of the science as it relates to the categories of information needed to understand, 
characterize, and manage the effects of noise across four broad taxa for which NOAA has 
different management responsibilities:  marine mammals, fish, invertebrates, and sea turtles.   

¶ Lƴ ǘƘŜ ά9ǾŀƭǳŀǘƛƴƎ tƻǇǳƭŀǘƛƻƴ-level and Cumulative Effects ƻŦ bƻƛǎŜέ ǎŜŎǘƛƻƴΣ ǿŜ ōǊƛŜŦƭȅ ŘŜǎŎǊƛōŜ 
the challenges of evaluating chronic effects and stress, and also include several examples of 
methodological approaches that can be used to evaluate population level and aggregate noise 
consequences to NOAA resources. 

¶ Lƴ ǘƘŜ ά/ǳǊǊŜƴǘ bh!! aŀƴŀƎŜƳŜƴǘ ƻŦ bƻƛǎŜ LƳǇŀŎǘǎέ ǎŜŎǘƛƻƴΣ ǿe identify the management 
authorities through which NOAA can address the effects of human-produced noise on these 
ǎǇŜŎƛŦƛŎ ǘŀȄŀΣ ŀǎ ǿŜƭƭ ŀǎ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘΦ  ¢ƘŜ άwŜƎǳƭŀǘƻǊȅ ŀƴŘ !ƴŀƭȅǘƛŎŀƭ !ǇǇǊƻŀŎƘŜǎέ ǎŜŎǘƛƻƴ 
briefly describes some current strategies for implementing these authorities. 

¶ [ŀǎǘΣ ƛƴ ǘƘŜ άbŜȄǘ {ǘŜǇǎ ŦƻǊ ǘƘŜ bh!! hŎŜŀƴ bƻƛǎŜ {ǘǊŀǘŜƎȅέ ǎŜŎǘƛƻƴΣ ǿŜ ƛŘŜƴǘƛŦȅ ǎƻƳŜ ƘƛƎƘ 
priority science, risk assessment, and management needs intended to guide NOAA actions for 
addressing noise impacts to all four of these acoustically sensitive taxa and their acoustic 
habitat.  

 
THE BUILDING BLOCKS OF IMPACT ASSESSMENT 
 
In order to begin to characterize, predict, assess, and manage the potential effects of specific activities 
that generate underwater sound on an acoustically sensitive animal and its habitat, certain key 
information is needed:  where species are located, how they use sound, and the known effects of noise 
on that species.  Additionally, understanding critical data gaps helps inform science and monitoring 
priorities.  Appendix A:  The Status of Science Needs for Assessing Noise Impacts to NOAA-Managed 
Species outlines the status of science regarding sound use by, and noise impacts to, four broad 
taxonomic groups for which NOAA has different management responsibilities:  marine mammals, fish, 
invertebrates, and sea turtles.  Appendix B:  Presence, Abundance, Distribution, Density, Habitat Use, 
and Population Trends summarizes the status of information regarding presence, abundance, 
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distribution, density, habitat use, and population trends for these species.  We summarize some major 
points from the Appendices below. 
 
Sound Use and Production 
Marine mammals have been more extensively studied than other marine fauna in terms of their hearing 
sensitivities and absolute hearing thresholds (though less so for mysticetes), as well as their 
vocalizations.  Marine mammals both produce, and use, sounds spanning a wider range of frequencies 
and   decibel levels than other marine taxa, and they use them for a wide variety of purposes.  Further, 
some of the more subtle aspects of hearing in marine mammals such as frequency discrimination, 
localization ability, and critical ratios have been studied.  Fishes are the largest and most diverse 
vertebrate group, and while we are aware of many adaptations that allow them to both detect and 
produce sounds for a variety of purposes, there is much that is still unknown.  We do know, though, for 
example, that some fishes are able to detect sound pressure and can hear and determine the direction 
of sound via particle motion.   Also, the presence and location of a swim bladder relative to the ear in 
fishes may affect the degree of hearing sensitivity as well as the susceptibility of sustaining physical 
injury to the body when exposed to certain sound pressure levels.   Although invertebrates have been 
studied less than marine mammals and fish, we know that some invertebrates are capable of detecting 
vibrations and others may detect particle motion and even sound pressure (Budelmann 1992, Popper et 
al. 2001, Kaifu et al. 2008).  Some invertebrates also produce sounds, or use sound for orientation and 
stunning of prey.  Sea turtle hearing and use of sound have not been well studied and sea turtles are not 
known to intentionally produce sounds underwater.  While a few studies document the use of sound to 
detect important environmental cues, sea turtles are not thought to produce sound for particularly 
directed purposes, such as communication. 
 
Impacts of Noise 
Studies of the impacts of noise on marine mammals are numerous and cover a wide range of species, 
sound sources and characteristics, environments (laboratory and field), and observed effects.  
Documented impacts range from none, to behavioral disturbance (avoidance, vocalization changes, 
changes in swim speed and direction, alarm responses), adverse stress responses, masking, hearing 
impairment (temporary or permanent), tissue damage, and death.  Studies on fish have focused more 
on characterizing the physical effects such as hearing impairment, barotrauma, and death, but 
behavioral effects such as changes in direction, speed, or schooling patterns as well as changes in stress 
hormones have been documented.  Unlike in marine mammals, hearing impairment is considered 
recoverable in fishes because many of the species that have been researched indicate they can grow 
back their hair cells.  However, there remains much that is unknown about hearing in fishes and the 
ability to recover from hearing damage because of the great number of fish species that have not been 
studied.  Less research has been conducted on invertebrates, but some research on cephalopods has 
indicated high intensity low frequency sounds, as well as long exposures to continuous sounds, may  
damage the hair cells in their statocysts, which could inhibit their ability to perform important life 
functions, although behavioral studies that would support such conclusions have not been conducted.     
Fewer targeted studies document the impacts of noise on sea turtles.  Some studies have documented 
multiple types of changes in behavior in response to a few sound sources, but other studies have 
documented no changes.  For all taxa, the focus is expanding to better understand the effects of 
changes in the soundscape. 
 
Species Presence, Abundance, and Distribution 
A key building block of risk assessment is reliable information on the potentially impacted species or 
stock presence, abundance and distribution, both spatially and seasonally.  Select species have been 



CHAPTER 1  OCEAN NOISE STRATEGY ROADMAP 
 

9 
 

well studied in certain areas and seasons.  Appendix B outlines where available abundance and 
distribution data may be accessed, as well as other important information on habitat use and life 
history.  However, there is a lack of adequate abundance and distribution information for most 
protected species.  For example, NOAA is mandated to collect stock assessment data for protected 
species and the agency has developed a systematic method for ranking the adequacy of stock 
assessments.  For marine mammals, only about 17% of the marine mammal stocks NOAA Science 
Centers track and collect data for are considered to have adequate assessments and about 47% of the 
stocks have either never had an assessment conducted, or the last one was over 10 years ago.  About 
34% of ESA-ƭƛǎǘŜŘ ŦƛǎƘ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƘŀǾŜ ŀŘŜǉǳŀǘŜ ǎǘƻŎƪ ŀǎǎŜǎǎƳŜƴǘǎΦ  bƻƴŜ ƻŦ bh!!Ωǎ 9{!-listed 
invertebrate species (coral and abalone) or sea turtle species are considered to have adequate 
assessments.  NOAA is constantly working to maximize the effectiveness of stock assessment data 
collection within given resource availability. 
 
Characterization of Human Introduced Sounds 
Understanding the characteristics of sound sources and noise-producing activities is an important part 
of impact assessment and is discussed in Chapter 3.  Some examples of activities or types of human-
made sound that may have the potential to adversely impact marine fauna acutely and/or chronically 
include:  vessel noise (offshore and nearshore - commercial and recreational vessels); active sonar 
(military and research activities); seismic airguns (for oil and gas exploration and research); underwater 
explosives (military operations, harbor deepening, fishing deterrents, and rig removal); pile driving 
(impact and vibratory); renewable energy sources (e.g., wind, wave, and tidal farms); acoustic 
deterrents; dredging; icebreaking; drilling, and; rocket launches. 
 
EVALUATING POPULATION-LEVEL AND CUMULATIVE IMPACTS OF NOISE 
 
Beyond some of the basic pieces of impact assessment addressed above, we highlight here some of the 
more challenging components of understanding the impacts of noise on marine fauna, as well as some 
emergent methodologies that are currently being applied.  Specifically we discuss the difficulty of 
assessing stress and chronic effects and the shortage of needed data to do so.  Further, we discuss an 
emerging quantitative framework for addressing the need to better characterize and predict how acute 
and chronic disturbance effects can translate to effects on individual fitness and populations.  Last, we 
look at some analytical examples of where data and modeling have been used to assess the effects of 
both the aggregated sounds of multiple activities, as well as noise in combination with other stressors.  
Several of the examples relate specifically to marine mammals (because that is what is available), but 
have broader applicability as well.   
 
Stress 
Adverse stress responses are one in a suite of potential effects that should be addressed when 
evaluating the impacts of noise on an individual or population.  We highlight adverse stress responses 
here because while data indicate that they can have serious consequences to individuals, they have 
been largely under-represented in impact assessments, likely because of the complexity of detecting 
these responses in wild populations and the lack of adequate baseline stress-marker datasets to which 
field measurements can be compared to appropriately assess context and significance.    
 
¢ƘŜ hŦŦƛŎŜ ƻŦ bŀǾŀƭ wŜǎŜŀǊŎƘΩǎ όhbwύ aŀǊƛƴŜ aŀƳƳŀƭǎ ŀƴŘ .ƛƻƭƻƎȅ tǊƻƎǊŀƳ Ƙŀǎ ǎŜǾŜǊŀƭ ƳŀƧƻǊ ǊŜǎŜŀǊŎƘ 
interest areas or thrusts, including better understanding the Effects of Sound on Marine Life topic, which 
aims to better understand and characterize the behavioral, physiological (hearing and stress response), 
and potentially population-level consequences of sound exposure on marine life.  Physiological Stress 
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Responses is one of the specific thrusts of the Effects of Sound on Marine Life program 
(http://www.onr.navy.mil/en/Science-Technology/Departments/Code-32/All-Programs/Atmosphere-
Research-322/Marine-Mammals-Biology/Marine-Mammal-Biology-Thrusts.aspxύΦ   hbwΩǎ нлмп ŀƴƴǳŀƭ 
report (Cockrem 2014) compiles information from 239 papers or book chapters relating to stress in 
marine mammals.  While these articles were marine-mammal specific, some of the information is also 
more broadly applicable to other marine vertebrate taxa, for which there is even less data available.   
 
Cochrem (2014) explains that animals are continuously aware of and respond to changes in their 
environment and when physical or social stimuli are threatening or harmful, then neural and 
neuroendocrine pathways are activated and a stress response is initiated.  These threatening or 
potentially harmful changes in the environment (or perceived to be threatening or harmful), which can 
either require cognitive appraisal or be completely physical (i.e., temperature), are termed stressors 
(Cochrem 2014).  A stress response occurs when a stressor activates the neuroendocrine stress system 
(NSS), resulting in glucocorticoid (cortisol or corticosterone) release from the adrenal cortex (Cochrem 
2014).  A stress response can last from minutes to hours, and includes increased sympathetic nervous 
system activity and a rapid and transient release of catecholamines from the adrenal medulla (Cochrem 
2014).  While we typically focus on adverse stress responses, stress responses are part of a natural 
process to help animals adjust to changes in their external or internal environment (maintain 
homeostasis), and can also be either beneficial or neutral.   
 
Although extensive terrestrial vertebrate datasets illustrate that the impacts of chronic stress effects can 
adversely impact individuals through immune suppression, inhibition of other hormonal systems, and 
the disruption of reproductive function, such studies within marine systems remain rare.  In a unique 
circumstance, (Rolland et al., 2012) suggested evidence of a reduction in stress hormone levels 
associated with reduced exposure of North Atlantic right whales to noise from large commercial vessels.  
Laboratory studies showing explicit stress responses to noise and field noise measurements have 
increased our ability to compare hormone levels with other potentially causative variables.  However, 
there are no large cross-sectional datasets of stress markers in free-ranging marine populations, which 
means that we lack an understanding of natural variation within individuals based on sex, age, and 
ǊŜǇǊƻŘǳŎǘƛǾŜ ǎǘŀǘǳǎΦ  CǳǊǘƘŜǊΣ ǿŜ ŘƻƴΩǘ Ŧǳƭƭȅ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ŀƳƻƴƎ Ǿŀrious hormones and 
the quantitative differences to be expected among sample types (e.g., blood, blubber, feces) in free-
ranging individuals.  Because of this, there is a current inability to interpret context and the biological 
significance of variation in stress markers in individuals.   
 
Acoustic Habitat Effects 
9ŀǊƭƛŜǊ ƛƴ ǘƘƛǎ /ƘŀǇǘŜǊ ǿŜ ǊŜŦŜǊŜƴŎŜŘ bh!!Ωǎ augmented focus to ensure that the chronic effects of 
rising noise levels on the acoustic habitat of protected species (i.e., the masking of important species-
ǎǇŜŎƛŦƛŎ ŀŎƻǳǎǘƛŎ ŎǳŜǎύ ŀǊŜ ōŜǘǘŜǊ ŀŘŘǊŜǎǎŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ŀƎŜƴŎȅΩǎ ŜŦŦƻǊǘǎΦ  ²ƘƛƭŜ ǘƘŜǎŜ ǘȅǇŜǎ ƻŦ ŜŦŦŜŎǘǎ 
are touched on in Appendix A, Chapter 2 describes these effects in detail and recommends management 
and science actions to better address them. 
 
Population Effects 
Because of the methodological challenges (including difficulty identifying all of the contributing 
variables), as well as the time and resource commitment necessary, few  studies have quantified the 
ultimate impacts to marine mammal populations associated with disturbance from noise or other 
causes.  Lusseau and Bejder (2007) present data from three long-term studies illustrating the 
connections between disturbance from whale-watching boats and population-level effects in cetaceans.  
Across these three multi-year studies, the effects of increased boat traffic from tourism ranged from a 

http://www.onr.navy.mil/en/Science-Technology/Departments/Code-32/All-Programs/Atmosphere-Research-322/Marine-Mammals-Biology/Marine-Mammal-Biology-Thrusts.aspx
http://www.onr.navy.mil/en/Science-Technology/Departments/Code-32/All-Programs/Atmosphere-Research-322/Marine-Mammals-Biology/Marine-Mammal-Biology-Thrusts.aspx
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15% decrease in abundance (Shark Bay Australia, bottlenose dolphins, Bejder et al., 2006), a transition 
from a short-term avoidance strategy to long-term displacement resulting in reduced reproductive 
success and increased stillbirths (Fiordland New Zealand, bottlenose dolphins, Lusseau 2004), to 
decreased foraging opportunities and increased traveling time that a simple bioenergetics model 
equated to decreased energy intake of 18% and increased energy output of 3-4% (Vancouver Island 
Canada, northern resident killer whale, Williams et al., 2006). These studies are presented because of 
the lack of similar studies for other activity types, not because of an enhanced concern for whale 
watching above other activity types.  In fact, Weinrich and Corbell (2009) report that the reproductive 
success of female humpback whales was not affected by whale watching exposures in southern New 
England.   
 
In order to understand how the effects of activities to individual marine animals may or may not impact 
stocks and populations, it is necessary to understand not only what the likely disturbances are going to 
be, but how those disturbances or other impacts may affect the reproductive success and survivorship 
of individuals, and then how those impacts to individuals translate to population changes.  As noted 
above, one of the major interest areas for the hŦŦƛŎŜ ƻŦ bŀǾŀƭ wŜǎŜŀǊŎƘΩǎ όhbwύ aŀǊƛƴŜ aŀƳƳŀƭǎ ŀƴŘ 
Biology Program is better understanding the population-level consequences of sound exposure on 
marine life.  Following on the earlier work of a committee of the U.S. National Research Council (NRC 
2005), ONR has funded the Potential Consequences of Acoustic Disturbance (PCAD) effort from 2009-
2015, which included four working group case studies and was modified to the Potential Consequences 
of Disturbance (PCoD) to allow for the consideration of more data using other disturbance types as 
surrogates for noise in the case studies.  Supported by the PCoD effort, New et al. (2014) outline an 
updated conceptual model of the relationships linking disturbance to changes in behavior and 
physiology, health, vital rates, and population dynamics (see Figure 1-1).  While this effort targets 
marine mammals, this conceptual model is likely broadly applicable in illustrating the potential 
pathways from individual disturbances to population-level impacts for other taxa. 
 

 
Figure 1-1. Potential Consequences of Disturbance conceptual model of the relationships linking disturbance 
to changes in behavior and physiology, health, vital rates, and population dynamics (New et al., 2014).    

 
As described in the PCoD model, adverse behavioral and physiological changes resulting from 
disturbance (stimulus or stressor) can either have acute or chronic pathways of affecting vital rates 
(Figure 1-1).  For example, acute pathways can include changes in behavior or habitat use, or increased 
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stress levels that directly raise the probability of mother-calf separation or predation.  Chronic effects on 
vital rates occur when behavioral or physiological change has an indirect effect on a vital rate that is 
mediated through changes in health over a period of time, such as when adverse changes in 
time/energy budgets affects lipid mass, which then affects vital rates (New et al., 2014).  New et al. 
outline this general framework, compile the relevant literature that supports it, and  include specific 
examples of types of behavioral, physiological and biological changes, health effects, vital rates and 
population rates (within each box, above) for which there are data illustrating the connections between 
these stages of effects for certain species and situations.  Further, these authors, and others involved in 
the PCoD effort, have developed state-space energetic models for four example species (southern 
elephant seal, North Atlantic right whale, beaked whale, and bottlenose dolphin), that illustrate how 
specific information about anticipated behavioral changes or reduced resource availability can 
potentially be used to effectively forecast longer-term, population-level impacts (New et al., 2014; New 
et al., 2013a; Schick et al., 2013; New et al., 2013b) when enough data are available.  However, more 
work and data are needed before these sorts of models can be broadly applied for management use.  In 
fact, work is still needed even for the more narrow application to specific taxa, as indicated in Pirotta et 
al. (2014), which illustrates that traditional visual group follow data did not provide enough information 
to allow biologically robust inference in the case of the model applied to the population-level effects 
from tourism on bottlenose dolphins in New Zealand (mentioned above).      
 
Unfortunately, empirical data adequate to fully and accurately quantify the relationship between 
behavioral or physiological changes and fitness impacts do not exist for any marine mammal species, 
and the existing models for the species with the most data (e.g., elephant seals) are very species- and 
scenario-specific.  However, some inferences regarding the relative importance of certain factors may 
be appropriate for different species in certain circumstances.  Meanwhile, to help address this gap in 
ŀŘŜǉǳŀǘŜ ŜƳǇƛǊƛŎŀƭ ŘŀǘŀΣ ŀƴ άƛƴǘŜǊƛƳέ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ t/ƻ5 ŦǊŀƳŜǿƻǊƪ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ǘƘŀǘ ǳǎŜǎ ŀ 
formal expert elicitation process to estimate parameters (and associated uncertainty) that define how 
changes in behavior or physiology affect vital rates and incorporate them into a stochastic model.  The 
framework was designed to help predict the anthropogenic disturbances on animal populations in 
specific circumstances.  King et al. (2015) report on the outcome of the first interim PCoD effort to 
assess the effects of UK offshore wind farm construction on harbor porpoises.  Similar efforts are 
currently underway to evaluate the effects of Navy activities on beaked whales and sperm whales in 
certain areas and the effects of seismic surveys on Cook Inlet beluga whales.  Though care must be taken 
in the application of predictions based on expert elicitation, the interim PCoD method may appropriately 
inform impact assessments in certain circumstances.  ONR continues to support PCoD work towards 
species-specific case study energetic models, improved interim expert elicitation processes for data-
poor scenarios, and data-based tools that can be more broadly applied to address population-level 
effects. 
 
Aggregate or Cumulative Effects of Sound 
Marine animals, especially in more coastal areas, are often exposed to multiple stressors (including 
sound) in a given time or space, and there is a general recognition that the cumulative effects of 
multiple stressors may have a greater impact on individuals or species than a single stressor.  In the 
United States, a variety of federal and state laws require evaluations of cumulative effects in the course 
of deciding whether and how to authorize or implement a federal or state action.  Unfortunately, while 
guidelines exist for assessing the relative level of cumulative effects on a species, from a practical 
standpoint this process is quite challenging because of the paucity of data on how various stressors 
affect species.  The effect of a particular stressor on an individual may be dependent on the species, life 
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stage, geographic location, and season, among other variables.  Ideally, assessments of cumulative 
effects would evaluate impacts of the stressor on the population in addition to the individual.   
 
Studies that provide quantitative evidence of population-level effects of one stressor are relatively rare; 
collecting quantitative information on the population-level effects of all stressors in a system seems 
virtually unattainable given resource limitations and the complexity of population responses to 
environmental and human-related features. Given the complexity and the lack of quantitative data on 
effects of single stressors on marine mammals, regulators often do the best they can to evaluate 
cumulative effects, at least in a relative fashion, by listing all known activities in a geographic area and 
making a qualitative assessment of whether the activity is likely to affect the population independently, 
or in conjunction with other stressors .  In one current effort, the National Academies of Science have 
convened an expert group to conduct a workshop and review the present scientific understanding of 
cumulative effects of anthropogenic stressors on marine mammals with a focus on anthropogenic 
sound.  The group will further assess current methodologies used for evaluating cumulative effects and 
identify new approaches that could improve these assessments. 
 
In addition to the challenges with assessing the effects of multiple stressors, it is often challenging to 
even effectively characterize or predict the likely impacts from multiple sound sources.  Several recent 
efforts have sought to improve our understanding of the aggregate exposure of multiple sound sources 
on marine mammals.  The NOAA-led Cetacean and Sound Mapping Project (http://cetsound.noaa.gov ) 
sought to develop tools to predict and map cumulative, human-induced, annual average low frequency 
underwater sound fields throughout U.S. managed waters.  In 2012, a symposium was held to discuss 
various methodologies for applying these new maps to managing chronic noise implications for 
cetacean species, and these maps have been used in first-order chronic noise assessments to inform 
Environmental Impact Statements.  Further integration of noise fields with marine mammal distribution, 
density and behavioral information to quantify impacts has been addressed in a few place-based case 
studies. Hatch et al. (2012) sought to quantify levels of masking of biologically important foraging calls 
made by right whales in and around the Stellwagen Bank National Marine Sanctuary.  Streever et al. 
(2012) modeled the sound fields from various sound sources in the Beaufort Sea, allowed modeled 
animals ǘƻ ƳƛƎǊŀǘŜ ǘƘǊƻǳƎƘ ǘƘŜ ŀǊŜŀΣ ŀƴŘ ŎŀƭŎǳƭŀǘŜŘ ŀƴ άŀƎƎǊŜƎŀǘŜ ŜȄǇƻǎǳǊŜέ ǘƻ ƳǳƭǘƛǇƭŜ ǎƻǳǊŎŜǎ ƻŦ 
sound.  A follow up effort in the Beaufort Sea is under way that uses expert opinion to assess the 
likelihood that a response variable will be affected by sound, the severity of the impact if it occurs, and 
ǘƘŜ ŜȄǇŜǊǘǎΩ ŎŜǊǘŀƛƴǘȅ ǘƘŀǘ ǿŜ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǎȅǎǘŜƳ ǎǳŦŦƛŎƛŜƴǘƭȅ ǘƻ ƳŀƪŜ ŀ ǎǘŀǘŜƳŜƴǘ ŀōƻǳǘ ƛƳǇŀŎǘǎΦ  
Both the quantitative and qualitative approaches could be expanded to include consideration of 
cumulative effects of stressors other than sound on marine mammals.   
 
CURRENT NOAA MANAGEMENT OF NOISE IMPACTS 
 
bh!!Ωǎ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ƛƴŎƭǳŘŜ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ƳǳƭǘƛǇƭŜ ŦŜŘŜǊŀƭ ǎǘŀǘǳǘŜǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ŦƻǊ ǘƘŜ 
protection and conservation of marine species and stocks, as well as their habitat.  While the U.S. does 
not have any federal statutes or regulations in place that are specifically designed to address 
underwater noise, we currently regulate the impacts of underwater noise (among other impacts, 
including in air noise) on animal groups for which the agency has responsibility/authority through 
multiple federal statutes, as well as other initiatives discussed below.   It is important to note that, to 
date, much of the management of noise effects on marine mammals, fish, invertebrates, and sea turtles 
has occurred through primarily project-specific consultations and permitting pursuant to the MMPA, the 
ESA, the NMSA, and the MSA.  In some instances, other less targeted mechanisms have been used to 
provide broader recommendations (e.g., Fish and Wildlife Coordination Act to address fish and 

http://cetsound.noaa.gov/


CHAPTER 1  OCEAN NOISE STRATEGY ROADMAP 
 

14 
 

invertebrate impacts).  While some of these consultations are  programmatic in nature, their analyses 
are not typically comprehensive on a scale that would adequately address either the long life spans or 
very large geographic ranges of all of the marine species potentially impactŜŘΣ ŀƴŘ ǘƘŜȅ ŘƻƴΩǘ ŀŘŘǊŜǎǎ 
aggregate or cumulative effects very well.  Additionally, even when the importance of a given area is 
understood, either for its broader acoustic habitat value or because of known value to a specific species 
or group, places are typically more difficult to manage through the more project-specific lenses of ESA 
and MMPA (though, see Chapter 2). 
 
As a federal agency, pursuant to the National Environmental Policy Act (NEPA), NOAA also has the 
responsibility to analyze the impacts of its own activities (e.g., conducting scientific research, operating a 
fleet of vessels, issuing MMPA authorizations) on the human environment.  This analysis must consider a 
range of reasonable alternatives (including mitigation measures), all potentially impacted resources 
(e.g., biological resources and social resources), and cumulative impacts, and must be made available to 
both the public and agency decision-makers.  The product of this process is a NEPA document that, 
where appropriate, will include a full discussion of the acoustic impacts of an activity on marine taxa.  
 
bh!!Ωǎ ǿƻǊƪ ǿƛǘƘ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ aŀǊƛǘƛƳŜ hǊƎŀƴƛȊŀǘƛƻƴΩǎ όLahύ ǘƻ ŘŜǾŜƭƻǇ ǾƻƭǳƴǘŀǊȅ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ 
reducing underwater noise from commercial shipping, which were adopted in April 2014 is another 
ƛƳǇƻǊǘŀƴǘ ŜȄŀƳǇƭŜ ƻŦ bh!!Ωǎ ŜŦŦƻǊǘǎ ǘƻ ƳƻǊŜ ōǊƻŀŘƭȅ ƳƛƴƛƳƛȊŜ ƴƻƛǎŜ ƛƳǇŀŎǘǎ ƻƴ ƳŀǊƛƴŜ ǎǇŜŎƛŜǎ ŀƴŘ 
their acoustic habitats.  This international mechanism serves as a long-term tool for NOAA, other U.S. 
agencies, and other governments to address noise impacts on a broader spatial scale than U.S. statutes 
allow. 
 
Below we briefly describe the four main statutory authorities through which NOAA currently addresses 
the impacts of ocean noise on marine species.  Appendix C  further describes the specific applicable 
sections of the statutes summarized below and also lists other authorities through which NOAA could 
ŀŘŘǊŜǎǎ ƴƻƛǎŜ ƛƳǇŀŎǘǎ ƻƴ ǎǇŜŎƛŜǎ ŀƴŘ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ όŘŜǎŎǊƛōŜŘ ŦǳǊǘƘŜǊ ƛƴ ǘƘŜ έbŜȄǘ {ǘŜǇǎ ŦƻǊ bh!! 
hŎŜŀƴ bƻƛǎŜ {ǘǊŀǘŜƎȅέ ǎŜŎǘƛƻƴΦ 
 
Marine Mammal Protection Act (MMPA) 
The MMPA states that marine mammals are resources of great international significance and should not 
be permitted to diminish beyond the point at which they cease to be a significant functioning element of 
the ecosystem.  Section 2 (2) of the MMPA further states that the primary objective of their 
management should be to maintain the health and stability of marine mammals and their ecosystems, 
and that efforts should be made to protect essential habitats, including rookeries, mating grounds, and 
ŀǊŜŀǎ ƻŦ ǎƛƳƛƭŀǊ ǎƛƎƴƛŦƛŎŀƴŎŜ ŦǊƻƳ ǘƘŜ ŀŘǾŜǊǎŜ ŜŦŦŜŎǘ ƻŦ ƳŀƴΩǎ ŀŎǘƛƻƴǎΦ  ¢ƘŜ aat! ƭŀȅǎ ƻǳǘ ǾŜǊȅ ŜȄǇƭƛŎƛǘ 
protections and programs for all marine mammal species and stocks and their habitat, and NOAA is 
responsible for implementing these mandates for most marine mammal species (except for the 5 taxa 
under USFWS jurisdiction: manatees, dugongs, walrus, polar bears, and sea otters).   
 
As part of the plan to serve this broader goal, the MMPA prohibits the take of marine mammals, with 
certain exceptions, one of which is the issuance of incidental take authorizations (ITAs).  Section 
101(a)(5) of the MMPA allows for NOAA/USFWS to issue ITAs provided that: (1) the total taking will have 
a negligible impact on the affected species (or stock), and (2) the total taking will not have an 
unmitigable adverse impact on the availability of the affected species or stocks for subsistence uses.  
Further, NOAA/USFWS must clearly set forth the permissible methods of taking and the requirements 
pertaining to the mitigation, monitoring and reporting of the take (for more information about Section 
101 of the MMPA see http://www.nmfs.noaa.gov/pr/permits/incidental/). 

http://www.nmfs.noaa.gov/pr/permits/incidental/
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Title IV of the MMPA lays out the responsibilities of NOAA and the USFWS for implementing the Marine 
Mammal Health and Stranding Response Program (MMHSRP).  Pursuant to the MMHSRP,  NOAA 
responds to, investigates, and reports out on marine mammal strandings, including those potentially 
associated with exposure to loud sounds (for more information about the MMHSRP see 
http://www.nmfs.noaa.gov/pr/health/stranding.htm). 
 
Endangered Species Act (ESA) 
The purposes of the ESA include providing a means to conserve the ecosystems of endangered species 
and threatened species (those threatened with extinction) and to provide a program for the 
conservation of the species themselves.  The ESA seeks to avoid extinction and recover threatened and 
endangered species to a point at which they no longer need ESA protections.  The Endangered Species 
Act (ESA) lists the following number of species as threatened or endangered:  27 marine mammals; 57 
fish; 16 sea turtles, and; 24 invertebrates.   
 
As one part of a plan to serve these broader goals, Section 9 of the ESA prohibits the take of ESA-listed 
species, with limited exceptions.  Section 7 of the ESA requires that each federal agency, in consultation 
with NOAA/USFWS, insure that any agency action is not likely to jeopardize the continued existence of 
any endangered or threatened species, or result in the adverse modification of their critical habitat.  
Provided these findings are made, incidental take of ESA-listed species may be exempted by NOAA or 
USFWS.  Section 10 of the ESA allows for the issuance of incidental take permits to non-federal entities.  
NOAA or USFWS typically identify terms and conditions (e.g., mitigation or monitoring) that the action 
agency or permit holder must abide by in order to be exempted of/permitted for the incidental take.  
 
Section 4 of the ESA allows for the protection of designated critical habitat, which is defined as: 

¶ within the geographical area occupied by the species at the time of listing, if they contain 
physical or biological features essential to conservation, and those features may require special 
management considerations or protection; and 

¶ outside the geographical area occupied by the species if the agency determines that the area 
itself is essential for conservation. 
 

/ǊƛǘƛŎŀƭ Ƙŀōƛǘŀǘ ƛǎ ōŀǎŜŘ ƻƴ έǇǊƛƳŀǊȅ ŎƻƴǎǘƛǘǳŜƴǘ ŜƭŜƳŜƴǘǎΣέ ǿƘƛŎƘ ŀǊŜ ǘƘŜ ǇƘȅǎƛŎŀƭ ƻǊ ōƛƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜǎ 
essential to the conservation of a species, such as space for growth, food, cover, etc.  One species of 
marine mammal, Cook Inlet beluga whale, has a primary constituent element identified in its critical 
Ƙŀōƛǘŀǘ ŘŜǎƛƎƴŀǘƛƻƴ ǘƘŀǘ ŀŘŘǊŜǎǎŜǎ ƴƻƛǎŜ ƛƳǇŀŎǘǎΥ  άǿŀǘŜǊǎ ǿƛǘƘ ƛƴ-water noise below levels resulting in 
the abandonment of critical habitat areas by Cook LƴƭŜǘ ōŜƭǳƎŀǎΦέ  CƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ 
Endangered Species Act, visit:  http://www.nmfs.noaa.gov/pr/laws/esa/. 
 
National Marine Sanctuaries Act (NMSA) 
The NMSA allows for the designation and protection (by NOAA) of national marine sanctuaries -- areas 
of the marine environment with special national significance due to their conservation, recreational, 
ecological, historical, scientific, cultural, archaeological, educational, or aesthetic qualities.  The primary 
objective is to protect special areas of the marine environment.   
 
Regulations may be issued for specific sanctuaries or the system as a whole, and can (among other 
things) specify the activities that can and cannot occur within the sanctuary and/or those that require 
permitting (Section 308). Currently, none of the 14 sites managed or co-managed by the Office of 
National Marine Sanctuaries (ONMS) prohibit outright the production of underwater noise within their 

http://www.nmfs.noaa.gov/pr/health/stranding.htm
http://www.nmfs.noaa.gov/pr/laws/esa/
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boundaries.  However, Section 304(d) of the NMSA additionally requires federal agencies whose actions 
are likely to destroy, cause the loss of, or injure a sanctuary resource to consult with the ONMS before 
taking the action.  ONMS then recommends reasonable and prudent alternatives (which may include 
mitigation or monitoring) to protect sanctuary resources.  Where noise impacts are addressed, 304(d) 
recommendations may address any noise-sensitive species within the sanctuary (e.g., marine mammals 
or fish) as well as targeting acoustic habitat concerns more broadly (for more about management of 
National Marine Sanctuaries resources see:  http://sanctuaries.noaa.gov/management/welcome.html). 
 
Magnuson-Stevens Fishery Conservation and Management Act (MSA) 
Fish require healthy surroundings to survive and reproduce. NOAA Fisheries works with regional fishery 
management councils to identify the essential habitat for every life stage of each federally managed fish 
and invertebrate species using the best available scientific information. Essential fish habitat (EFH) 
includes all types of aquatic habitatτwetlands, coral reefs, seagrasses, riversτwhere fish (and some 
invertebrates) spawn, breed, feed, or grow to maturity.  Essential fish habitat has been described for 
approximately 1,000 managed species to date. 
 
bh!! ŀƴŘ ǘƘŜ ŎƻǳƴŎƛƭǎ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜŘ ƳƻǊŜ ǘƘŀƴ млл άƘŀōƛǘŀǘ ŀǊŜŀǎ ƻŦ ǇŀǊǘƛŎǳƭŀǊ ŎƻƴŎŜǊƴέ ƻǊ I!t/ǎΦ 
These are considered high priority areas for conservation, management, or research because they are 
rare, sensitive, stressed by development, or important to ecosystem function. 
 
Through EFH consultations pursuant to the Magnuson Stevens Act, NOAA works with federal agencies to 
conserve and enhance essential fish habitat (EFH). Consultation is required when a federal agency 
authorizes, funds, or undertakes an action that may adversely affect EFH.  Adverse effects include:  
direct or indirect physical, chemical, or biological alterations of the waters or substrate; loss of, or injury 
to species and their habitat, and other ecosystem components; or reduction of the quality and/or 
ǉǳŀƴǘƛǘȅ ƻŦ 9CIΦ ¢ƘŜ ŦŜŘŜǊŀƭ ŀƎŜƴŎȅ Ƴǳǎǘ ǇǊƻǾƛŘŜ bh!! CƛǎƘŜǊƛŜǎ ǿƛǘƘ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ŀŎǘƛƻƴΩǎ 
impacts to EFH, and NOAA Fisheries provides the federal agency with EFH Conservation 
Recommendations to avoid, minimize, mitigate, or otherwise offset those adverse effects.  Federal 
agencies must provide a detailed written explanation to NOAA Fisheries describing which 
recommendations, if any, it has not adopted. 
 
REGULATORY AND ANALYTICAL APPROACHES 

The standards, thresholds, and terminology vary, but all of the statutes identified above generally aim to 
assess and minimize the impacts to individuals, populations, and habitats of marine taxa.  Impact 
analyses conducted pursuant to these different statutes will sometimes use different analytical methods 
because of the differences in the requirements of the statutes or the nature of the activities or impacts 
assessed, but they are all required to be based upon the best available science.   
 
Acoustic Thresholds 
One tool that NOAA currently uses to characterize and assess acute impacts of noise exposure is 
acoustic exposure thresholds.  For marine mammals, these generic thresholds have historically (for the 
most part) been presented in the form of single received levels for particular source categories (e.g., 
impulse or continuous,) above which an exposed animal would be predicted to incur auditory injury or 
be behaviorally harassed.  For example, root mean square (RMS) sound pressure level (SPL) 180 and 190 
dB thresholds have been used for the onset of acoustic injury of cetaceans and pinnipeds, respectively, 
and RMS SPL 160 and 120 dB thresholds have been used for the onset of behavioral harassment of all 
marine mammals from impulse and continuous sources, respectively.  These two specific effect types 

http://sanctuaries.noaa.gov/management/welcome.html
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(acoustic injury and behavioral harassment) align well with statutory definitions of some components of 
άǘŀƪŜέ ƛƴ aat! ŀƴŘ 9{!Σ ŀƴŘ άƛƴƧǳǊȅέ ǳƴŘŜǊ ǘƘe NMSA.  NOAA has also used dose-response-type curves 
to quantify behavioral harassment of marine mammals from active sonar involved in military readiness 
activities.   
 
Because of the paucity of information for fishes, sea turtles, and invertebrates, acoustic thresholds have 
been applied in a more regionally-specific manner, and often only specifically in the context of particular 
activity types for which adverse effects have been documented (e.g., sea turtles to explosives).  
Generally, more supporting data exist for frequently conducted activities that produce acute, intense, 
high energy, impulsive sounds, such as pile driving, underwater explosions, and seismic surveys.   For 
example, a coalition of federal (including NOAA Fisheries West Coast Region) and state resources and 
transportation agencies along the West Coast, the Fisheries Hydroacoustic Working Group (FHWG), used 
data from a variety of sound sources (primarily underwater explosions and seismic airguns) and species 
to establish interim acoustic criteria for the onset of injury of fish from impact pile driving (FHWG 2008).  
These criteria, in turn, are sometimes used to estimate the risk to fishes from other types of impulsive 
sounds. They are not appropriate, however, for non-impulsive, continuous sounds.  However, several 
impact pile driving and other sound source studies have been conducted since the 2008 thresholds were 
established, and may be used in the future to revisit these criteria and develop different ones for fishes 
specifically for pile driving and other impulsive and non-impulsive sound sources (e.g., Casper et al. 
2012, Casper et al. 2013, Bolle et al. 2012, Halvorsen et al. 2011, Halvorsen et al. 2012a,b,c, Halvorsen et 
al. 2013, Hawkins et al. 2014a, Bolle et al. 2016).  Most historical research has used peak pressure to 
evaluate the effects on fishes from underwater sound. Current research, however, suggests that sound 
exposure level (SELcum), a measure of the total sound energy expressed as the time-integrated, sound 
pressure squared, is also a relevant metric for evaluating the effects of sound on fish.  
 
It is important to note that the identification of these likely direct physical or behavioral effects via the 
use of acoustic thresholds is only one part of any broader impact finding under MMPA, ESA, MSA or 
NMSA, and does not consider adverse stress effects.  These statutes must also assess impacts on habitat 
(including acoustic habitat), as well as the ultimate results of all of the effects on the fitness of 
individuals (health, reproductive success, and survival) and subsequent population growth rates and/or 
likely impacts to resources within sanctuaries.  However, acoustic thresholds are important both 
because they help regulated entities understand when a federal consultation may be appropriate and 
because of requirements under both the MMPA and ESA to quantify the impacts of acoustic exposure 
on a project-by-project basis.  
 
One of the limitations of relying on the action-specific regulatory approaches of the MMPA, ESA, MSA 
and NMSA to address the impacts of noise is that it makes it more challenging to address chronic 
(longer-term) and multi-source impacts that co-occur across longer time frames, larger areas, and 
multiple activities.  Additionally, some activities that contribute significantly to background noise levels 
are challenging, if not impossible, to regulate case-specifically (e.g., large commercial shipping) or do not 
typically go through the MMPA, ESA, MSA, or NMSA processes.   To date, acoustic habitat has not been 
regularly addressed in MMPA, ESA, MSA, or NMSA consultations. 
 
Mitigation  
The activity-specific structure of the current regulatory framework also means that there is not a 
standard required set of mitigation or monitoring to always apply to noise-producing activities.  That 
said, the following types of mitigation measures are commonly required or recommended to address 
acoustic impacts to marine mammals, and a subset of them are sometimes applied to other taxa, 
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though protective measures for fish, invertebrates, and sea turtles are typically more limited to 
mitigating the potential for acute injurious impacts: 
 

¶ Real-time detection and action (to limit acute/direct impacts) 
o Power down/shutdown zones to minimize the likelihood of injury to marine mammals, 

fish, turtles or invertebrates, or the behavioral harassment of large groups of marine 
mammals or mother/calf or pup pairs 

o Visual observers for protected species (shore, ship and aerial, unmanned crafts) and/or 
passive acoustic technicians (increasingly common) to support real-time measures  

o Daytime operations only or use of nighttime specific technology to enhance detection 

¶ Seasonal/Area Limitations (to limit chronic/long-term effects, but also acute effects including 
behavioral) 

o Avoidance/minimization of operations in seasons and/or areas of biological importance 
or with particularly sensitive species(e.g., sanctuaries, HAPCs, salmon migration routes, 
critical habitat) 

¶ Noise abatement/reduction  (to reduce both chronic and acute impacts) 
o Sound attenuation methods for pile driving (bubble curtains, pile caps, etc.) 
o Ramp-up procedures with airguns (and sometimes pile driving)  

¶ Sound source verification to ensure adequate mitigation zones and accurate prediction of 
effects 

 
Of note, protected species observers (PSOs) are used for many activities with the potential to adversely 
impact marine fauna, both to implement mitigation measures, such as shutdowns or to ensure that 
safety zones are clear before activities take place, and to collect data for monitoring.  NOAA published 
ǘƘŜ bh!! ¢ŜŎƘƴƛŎŀƭ aŜƳƻǊŀƴŘǳƳ άNational Standards for a Protected Species Observer and Data 
aŀƴŀƎŜƳŜƴǘ tǊƻƎǊŀƳέ ό.ŀƪŜǊ Ŝǘ ŀƭΣ нлмпύΣ ǿƘƛŎƘ ǇǊƻǾƛŘŜǎ recommendations to more broadly enhance 
coordination, establish national PSO standards for qualifications and training, institute standardized data 
collection and reporting requirements, and develop data quality assurance process, among other things 
that could be used to support a more consistent approach. 
 
Monitoring 
As noted above, the MMPA has an explicit requirement for monitoring to better understand the impact 
of authorized activities on marine mammals, and the ESA, NMSA, and EFH also contain mechanisms for 
including monitoring requirements (note the requirements discussed in this section are separate from 
bh!!Ωǎ ǎŜǇŀǊŀǘŜ ƛƴǘŜǊƴŀƭ ƳŀƴŘŀǘŜ ǘƻ ŎƻƴŘǳŎǘ ǎŎƛŜƴŎŜύΦ  .ŜŎŀǳǎŜ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ǊŜǉǳƛǊƛƴƎ ǇŜǊƳƛǘǎ ŀƴŘ 
consultations range so widely in temporal and spatial scope, monitoring plans that satisfy the 
requirements also range in robustness and scope.  For example, monitoring requirements may range 
from pinniped counts conducted before, during, and after a small pier maintenance action to full-
fledged (and sometimes peer-reviewed) research projects for oil and gas development or Navy training 
(see http://www.navymarinespeciesmonitoring.us/regions/ for full details of all required monitoring 
study objectives, methods, timelines, funding, and completed results).  Reports containing monitoring 
results must be submitted and NOAA subsequently makes those reports available to the public.  
Transparency and sharing of raw data has increased through time and may now largely be obtained, if 
requested, with the exception of acoustic data that may implicate national security concerns (acoustic 
signal or locational data) or proprietary energy lease information (locational data).   
 
  

http://www.navymarinespeciesmonitoring.us/regions/
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NEXT STEPS FOR THE NOAA OCEAN NOISE STRATEGY  
 
¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ bh!!Ωǎ hŎŜŀƴ bƻƛǎŜ {ǘǊŀǘŜƎȅ, as highlighted here in this Roadmap, is to focus the 
ŀƎŜƴŎȅΩǎ ŀǳǘƘƻǊƛǘȅ ŀƴŘ ŎŀǇŀŎƛǘȅ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ŀƴŘ ƳŀƴŀƎŜ ƻŎŜŀƴ ƴƻƛǎŜ ƛƳǇŀŎǘǎ ŦƻǊ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ 
NOAA trust resources.  Through expertise and authority, the goal is for individual NOAA programs 
(regulatory, science, and noise-producing) to identify recommendations and concepts in this Roadmap 
that are most applicable and constructive towards their broader program goals, and work them into a 
program-specific implementation plan.  Management strategies, risk assessment tool needs, and 
monitoring and science needs will necessarily vary among species, populations, and habitat.  However, 
some science and advancements in management approaches may also be relevant across species groups 
and areas, providing opportunity for collaboration and consolidation of agency resources.  Eight broadly 
applicable, high priority areas of agency improvement are identified here (in no particular order): 
 
1. Consistent Messaging, Internal Education, and Coordination:  All NOAA offices should, ideally, be 
using the same terminology and concepts to describe the issues surrounding aquatic noise impacts on 
species and acoustic habitat.  The development and compilation of a glossary of noise terms and 
concepts, especially as they relate to effects on marine species and their acoustic habitats, would be 
very helpful ŀƴŘ ŎƻǳƭŘ ōŜ ŘŜǾŜƭƻǇŜŘ ōȅ ŜȄǇŀƴŘƛƴƎ ǘƘŜ ƎƭƻǎǎŀǊȅ ŘŜǾŜƭƻǇŜŘ ŦƻǊ bh!!Ωǎ ƴŜǿ ŀŎƻǳǎǘƛŎ 
guidelines.  Beyond a common lexicon, NOAA should be consistently describing the full suite and relative 
importance of the potential effects of noise in both internal and external settings.  This Roadmap aims in 
ǇŀǊǘƛŎǳƭŀǊ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ŀƎŜƴŎȅΩǎ ŎƻƴǎƛǎǘŜƴǘ ŀǊǘƛŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇǊƻǘŜŎǘƛƴƎ ŀŎƻǳǎǘƛŎ 
habitat, in addition to minimizing acute (physical and behavioral), chronic, and cumulative impacts 
associated with noise.  Additional work would be needed to develop the glossary and ensure that 
bh!!Ωǎ ǿƻǊƪŦƻǊŎŜ ƛǎ ǿŜƭƭ-versed in the basics of acoustics (introductory materials to more advanced 
materials), as well as the latest science on the impacts of noise on marine species and habitats. 
 
NOAA programs with a noise impact nexus are implemented across the agency through multiple line 
offices and levels (national, regional, specific sanctuaries, etc.).  Clearly, it is critical that coordination is 
planned across these programs where appropriate.  For example, it makes sense, both biologically and 
logistically, to regularly coordinate mitigation and monitoring priorities, as well as any new risk 
assessment methodologies or science, across the primary regulatory programs.  One ongoing example of 
successful internal coordination and information sharing is the NOAA Acoustic Coordination Group, 
which meets 3-4 times a year, and sponsors a listserv to discuss both management and science issues 
related to acoustics. 
 
2. National Guidance for Acoustic Thresholds and Other Management Tools:  The development of 
ŎƻƴǎƛǎǘŜƴǘ ƴŀǘƛƻƴŀƭ ƎǳƛŘŀƴŎŜ ŦƻǊ ŀŎƻǳǎǘƛŎ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ ŀƭƭ ƻŦ bh!!Ωǎ ǘǊǳǎǘ ǊŜǎƻǳǊŎŜǎ would provide 
ǎǘǊƻƴƎ ǎǳǇǇƻǊǘ ŦƻǊ bh!!Ωǎ ŀŎŎƻƳǇƭƛǎƘƳŜƴǘ ƻŦ ǘƘŜ {ǘǊŀǘŜƎȅ Ǝƻŀƭǎ.  In a process separate from this 
Roadmap, NOAA has developed ǘƘŜ άTechnical Guidance for Assessing the Effects of Anthropogenic 
Sound on Marine Mammal Hearingέ that includes revised acoustic thresholds for assessing acoustic 
impacts on marine mammal hearing (permanent and temporary threshold shifts) (NMFS 2016).  The 
DǳƛŘŀƴŎŜΩǎ ǊŜǾƛŜǿ  process included multiple peer and public reviews of the scientific rationale and 
methods.  NOAA is now working on developing updated Technical Guidance to assess behavioral 
harassment of  marine mammals.  To support the Strategy goals, NOAA could pursue developing similar 
national acoustic injury thresholds for fish, sea turtles, and, potentially invertebrates.  While official 
national guidance on acoustic thresholds is being developed for any of these purposes, coordinated 
interim principles and practices would ensure consistent application of existing acoustic data. 
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For NOAA management practitioners, it is valuable to have guidelines that describe how to implement 
various typical management recommendations that can be shared with the regulated community.   
Examples of these types of guidance include how to do sound source verification, how to estimate 
isopleths associated with different effect thresholds, or how to design effective passive acoustic 
monitoring (PAM) for a particular project.  These types of guidelines could be developed and 
implemented nationally (with regional and program input) to promote consistency and alleviate either 
duplicative effort or contradicting recommendations across regions and programs.   
 
3. Exploring and Coordinating the Use of Applicable NOAA Authorities:  In the previous section, the 
federal statutes through which NOAA has traditionally addressed ocean noise impacts were outlined.  
Appendix C contains a spreadsheet indicating a longer list of the applicable statutes, executive orders, 
and other formal programs (and specific mechanisms and Sections) through which NOAA could address 
ocean noise issues, both in relation to specific species and also acoustic habitat, either through raising 
awareness, making official recommendations, or including regulatory requirements.  We recommend 
that the NOAA Programs implementing these statutes work together to add reference to ocean noise 
issues (using the consistent messaging mentioned above) where not currently addressed.  Additionally, 
improved coordination between, for example, regulatory MMPA and ESA programs and the Marine 
Mammal Health and Stranding Response Program, such as overlaying maps of authorized sound use 
activities with unusual mortality events, spill or stranding investigations, or other health indicators 
(along with the subsequent analyses triggered by the mapping connections), could facilitate better 
assessment and prediction of the impacts of noise on individuals and/or populations .   
 
Traditional approaches to regulating ocean noise issues have necessarily been somewhat constrained by 
the project-specific and shorter-term focus of the statues under which NOAA worked.  However, there is 
some temporal and spatial flexibility in the traditionally-used statues to explore broader (e.g., 
programmatic) approaches to analysis and management of chronic large-scale impacts.  Additionally, 
consideration of some of the additional tools presented in Appendix C gives NOAA more room to 
coordinate broader-scale strategies across multiple programs, as resources and opportunities allow ς 
provided we have a well-articulated justification and approach.  Additionally, Chapter 2 outlines a broad 
place-based approach for prioritizing the management of acoustic habitat.   
 
Last, when considering approaches for addressing ocean noise impacts, international examples are 
available.  The European Union has recognized ocean noise as an indicator of environmental quality 
under its Marine Strategy Framework Directive (EU 2008) and, further, is in the process of developing 
ǘŀǊƎŜǘǎ ŦƻǊ ŀŎƘƛŜǾƛƴƎ άƎƻƻŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘŀǘǳǎέ ŦƻǊ ƻŎŜŀƴ ƴƻƛǎŜ ŀƴŘ ŀŎǳte noise-generating activities.  
Nowacek et al., 2015, identify existing international mechanisms that they suggest could potentially be 
modified to address ocean noise impacts, such as the International Convention for the Prevention of 
Pollution from Ships. 
 
4. Development of Risk Assessment Tools:  To support the Strategy, risk assessment tools would be 
ǘŀǊƎŜǘŜŘ ǘƻǿŀǊŘǎ ǘƘŜ ŀƴŀƭȅǎŜǎ ǊŜǉǳƛǊŜŘ ǘƻ ǎǳǇǇƻǊǘ ŘŜŎƛǎƛƻƴǎ ǳƴŘŜǊ bh!!Ωǎ ǎǘŀǘǳǘƻǊȅ ŀǳǘƘƻǊƛǘƛŜǎΣ ǿƘƛŎƘ 
essentially involve characterizing, analyzing, and mitigating the impacts of sound on individuals, stocks, 
populations (see Chapter 4), and their habitat (including acoustic habitat). 
 
Spatially explicit risk assessments are an important tool for developing and prioritizing management 
actions. Specific targets could include maintaining lower background noise levels in acoustic habitat or 
reducing noise in areas of high densities of acoustically sensitive species.  We can quantify risk by 
combining species distributions, species-specific acoustic sensitivities, and sound maps.  Risk 
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assessments may be conducted comparing the highest intensity of sound received from specific 
activities (e.g., navy sonar, seismic airguns, or pile driving) or comparing highest energy accumulated 
over time from chronic and aggregated sound sources (e.g., shipping lanes), depending on whether risk 
from acute or chronic noise is being assessed. These assessments can be used to identify the most 
effective management actions at reducing impacts by evaluating changes in predicted impacts when 
changes in sound-producing activities and sound levels are applied.  This type of assessment focuses on 
impacts in defined geographic areas.  Alternatively, it may be important to consider cumulative noise 
impacts faced by individuals throughout their lifetime.  This type of assessment requires integrating risk 
across all areas used by the individuals (e.g., breeding and feeding areas and migratory corridors).  
Having the tools available to conduct both types of assessment, along with others, will strengthen and 
ǎǳǇǇƻǊǘ bh!!Ωǎ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀŎǘƛƻƴǎ ŀƴŘ ǊŜƭŀǘŜŘ ŘŜŎƛǎƛƻƴǎΣ ŀƴŘ ŦǳǊǘƘŜǊ ŀƛŘ ǘƘŜ ǇǳōƭƛŎ ŀƴŘ ǊŜƎǳƭŀǘŜŘ 
community in planning and analyses to support environmental compliance and impact minimization.  
 
Following are some of the basic components that would allow the sorts of risk assessments outlined 
above and to create a more effective NOAA risk assessment framework: 
 

¶ Tools to model: (1) sound propagation in the context of realistic environmental parameters, 
and; (2) marine animal sound exposure.  Output would be available in a variety of metrics and 
be capable of addressing accumulation over time and auditory weighting functions. 

¶ Data to inform, or tools to model, ambient or average background sound levels (soundscape, 
see Chapter 3) over which risk assessments may be layered (including a database of measured 
sound source verifications).   

¶ Maps of NOAA-authorized activities (produced by NOAA) and noise-producing activities not 
regulated by NOAA, where available (e.g., Marine Cadastre website).   

¶ Platforms, servers, and data layers that allow for the geospatial analysis of the temporally, 
spatially, and spectrally-specific overlays of sound-producing activities and protected marine 
species at a wide range of temporal and spatial scales.   

¶ Permanently maintained, standardized, and web-accessible database or portal for acoustic and 
marine animal data. 

 
These tools are a high priority for NOAA practitioners, but would also ideally be made available to the 
public as soon as possible. 
 
Further development of risk assessment frameworks will require improved quantitative capacity to 
evaluate the population-level and cumulative consequences resulting from co-occurrence of noise and 
marine animals. These frameworks and models would include consideration of health and disease risks 
where known and be applicable to certain species.  In addition to the PCoD effort mentioned previously 
and other marine mammal-centric efforts underway, there are numerous well-developed risk 
assessment frameworks in the toxicology field that could potentially applied to noise and aquatic animal 
issues.   
 
Specifically in regard to the better understanding of chronic noise effects, new quantitative tools are 
currently being developed that may be able to better characterize the acoustic space available to an 
ŀƴƛƳŀƭ ǘƻ ŘŜǘŜŎǘ ŎǊƛǘƛŎŀƭ ŀŎƻǳǎǘƛŎ ŎǳŜǎΦ  ¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ƎŀƛƴŜŘ ŦǊƻƳ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŀƴƛƳŀƭΩǎ 
hearing, vocal behavior, and the surrounding soundscape, which is informed by both natural and 
anthropogenic sounds (Clark et al. 2009).  However, these highly specific and quantitative tools can be 
resource-prohibitive for project-specific analyses.  In addition, managers still struggle to connect the 
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quantification of reduced acoustic space with a particular degree of impacts on protected species, either 
at the individual or population level.  There is a need for the development of semi-quantitative tools, 
either standing alone or built into broader analyses, in which masking or acoustic habitat degradation 
effects can be incorporated for consideration. 
 
In the past, noise impact assessments have relied heavily on the received sound level of which an animal 
was likely to be exposed in order to estimate the likely severity of the resulting impacts.  However, in 
addition to targeted studies in marine mammals and fish indicating that frequency and duration (beyond 
just differing sensitivities at different frequencies) can affect the likelihood of auditory impairment, 
there is increasing evidence that contextual factors other than the received sound level are important in 
assessing impacts.  Contextual factors including the activity states of exposed animals, the novelty of a 
sound, and the relative spatial positions between sound source and receiver, can strongly affect the 
probability of a behavioral response and the significance of that response to the fitness of the exposed 
individual (Ellison et al. 2011).  For an accurate characterization and evaluation of likely noise impacts, it 
is critical to consider not only frequency and other sound characteristics, but other contextual factors 
when the information is available (Francis and Barber 2013). 
 
5. Prioritize Baseline Science Needs:  The highest priority science needs for assessing and minimizing 
acoustic impacts can be arranged along a continuum from understanding individual components of the 
problem (mapping sound and species distributions and quantifying the effects of sound on individuals 
and populations) to synthesizing information in risk assessments.  A list of general priority information 
needs (non-comprehensive and in no particular order) for noise assessment appears below.  These can 
be more specifically focused by taxa or species based on the status of existing data summarized in 
Appendices A and B, though generally speaking, more basic information is needed for sea turtles, 
ƛƴǾŜǊǘŜōǊŀǘŜǎΣ ŀƴŘ ŦƛǎƘΦ  /ƘŀǇǘŜǊ о ŀƭǎƻ ŀŘŘǊŜǎǎŜǎ ƪŜȅ ƛƴŦƻǊƳŀǘƛƻƴ ƎŀǇǎ ƛƴ bh!!Ωǎ ŎǳǊǊŜƴǘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 
of soundscapes and a need for enhanced passive acoustic monitoring.  NOAA has already begun 
collecting, compiling and making available some of this information. 
 

¶ Presence, abundance, density, and distribution mapping of protected species and prey, 
including: 

o prioritization based on overall vulnerability and noise sensitivity, as well as ecosystem 
assessments  

o for existing datasets - increased spatial and temporal resolution  
o systematic updates 

¶ Increased understanding of species sound use, auditory thresholds and hearing mechanisms, 
especially for non-marine mammal species, including: 

o differentiation of life stages for fishes  
o special emphasis on turtles 

¶ Increased understanding of noise levels that cause hearing loss, other physical injuries and 
masking especially for fishes, but also for invertebrates, turtles, and mysticetes including: 

o prioritization of science based on sound sources known to pose more risk to species 
o increased understanding of other environmental factors that contribute to hearing loss 

and other impacts. 
o Increased understanding of particle motion effects 

¶ Increased understanding of behavioral sensitivity and responses to noise, including: 
o for marine mammals, responses to actual sound sources under realistic exposure 

conditions and duration (e.g., caution with laboratory studies) 



CHAPTER 1  OCEAN NOISE STRATEGY ROADMAP 
 

23 
 

o baseline behavioral data to compare noise-induced changes to 
o targeted attention to effects of contextual variables beyond sound level 
o targeted attention to effects at multiple scales (e.g., tags that track horizontal 

movement and tags that record finer scale data such as clicks, acceleration, dive tracks) 

¶ Identification of times, areas or species of particular concern for risk assessment, e.g.: 
o important areas for reproduction, feeding, migration, etc. 
o particular contextual situations of concern (e.g., populations undergoing severe 

epidemic or heavy exposure to oil spill) 
o identification of fish and invertebrate species that may be particularly susceptible to 

human noise (based on functional hearing or broad responses to sound) prioritized 
according to species that are ecologically, commercially and recreationally important. 

¶ Collection of baseline stress-marker datasets to which field measurements can be compared to 
appropriately to assess context and significance of noise-caused adverse stress responses.    

¶ Increased understanding of masking (see Chapters 2 and 3) and, importantly, the consequences 
of reduced listening space for all taxa.  

¶ Soundscape characterization and mapping (see Chapter 3), including: 
o long-term monitoring of background noise in frequency bands relative to marine species 

hearing 
o location, timing, intensity and frequency of particular sound sources 

¶ Collection and understanding of basic energetic information to link individual responses to 
effects on survivorship and reproductive success and, ultimately, population-level 
consequences. 

¶ Understanding of effects of aggregate noise sources, as well as cumulative effects of noise with 
non-acoustic sources 

 
Of note, NOAA has developed an internal process for compiling key science needs (more broadly) at the 
regional level.  Maintenance of key science needs for assessing acoustic impacts should be cross-
referenced with the regional Protected Resources Science Investment and Planning Process (PRSIPP) to 
ensure inclusion of newest science from the Science Centers, as well as to inform the broader NOAA 
science prioritization process.   
 
6. Continue to Support Mitigation Development:  Where noise is concerned, mitigation should be 
broadly designed to do one of two things: (1) reduce the temporal or spatial overlap of ensonified areas 
with marine taxa (or acoustic habitat) in particular times, places or circumstances, and/or (2) reduce the 
sound level at the source (which may include replacing the source with a different type of source 
capable of the same function).  In reducing the spatio-temporal overlay of noise with marine animals 
and acoustic habitat, there are two general types of solutions:  real-time avoidance of overlap of sound 
and managed species, and pre-planned larger-scale avoidance of sound use in important areas or times.  
Real-time measures are typically used to minimize acute effects, such as injury or severe behavioral 
responses, whereas broader activity planning may reduce acute, and potentially significant, behavioral 
effects, and is also the most effective spatiotemporal method to address more chronic acoustic habitat 
effects, such as masking.   

In addition to improving and expanding some of the traditional mitigation measures identified in the 
previous section (e.g., real-time shutdowns and project-specific sound attenuation), and referring to the 
bulleted lists immediately above, it is important to continue engaging stakeholders and focusing on 
broader-scale technological development that will result in noise reduction over multiple projects and 
long time-scales.  These include continued vessel quieting improvements and the exploration of 
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technologies that can replace louder or more impactful sound sources (e.g., seismic airguns) with 
quieter sources that provide the same functionality while introducing less sound into the water.  
Additionally, we need to continue to identify the areas/times/contexts that are most critical to marine 
species so that we can reduce their overlay with potentially harmful sound exposure.  Also, we need to 
continue to develop technologies and methodologies to enhance the detection of marine species (e.g., 
infrared, glider platforms).  Finally, we need to incorporate communication protocols that facilitate rapid 
response when serious injury or stranding occurs concurrently with authorized or permitted sound-
producing activities. 
 
7. Enhance Efficacy and Transparency of Monitoring Approaches:  As noted above, the MMPA has an 
explicit requirement for monitoring to better understand what impact the authorized activities have on 
marine mammals.  The ESA, NMSA, and EFH also contain mechanisms for including monitoring 
requirements for assessing or quantifying the effects of managed activities on marine mammals, sea 
turtles, fishes, invertebrates, and their habitat.  In other words, through its regulatory mandates, NOAA 
has the authority to require monitoring from entities seeking authorization to impact NOAA trust 
resources pursuant to the statutes described earlier in this Chapter, and for assessing the impacts of 
physical environmental parameters on marine mammal health (MMPA Title IV).  This required 
monitoring should typically be commensurate with the anticipated impacts, and NOAA has gathered 
significant amounts of valuable information through these requirements in the past.   
 
When NOAA program analysts consider recommended monitoring for activities with acoustic impacts, 
focusing on the concepts below would allow NOAA to ensure the best use of resources both within the 
Agency and by the entities/agencies from which NOAA requires monitoring: 
 

¶ Keep in mind the priority data gaps identified above in the Science Needs section, and further 
maintain a list of specific priority study questions that relate to the applicable region and 
regulatory authority through which the analysts are recommending/requiring monitoring. 

¶ Both in recommending monitoring and in maintaining a list of priority questions that monitoring 
should be designed to address, keep the following in mind: 

o The variety of timescales, asset/resource availability, and complexity across which 
monitoring may be applied (e.g., a daily pinniped beach census versus a controlled 
behavioral response study utilizing tags and multiple platforms) 

o The potential for meta-analyses of multiple monitoring efforts contributing to bigger 
questions 

o The need for methods standardization (e.g., addressing potential biases, requiring 
methods and reporting formats that allow for the most effective interpretation of 
results, as well as comparison to, and integration with, other results) 

¶ Ensure that monitoring requirements and list of priority questions are informed by: 
o Evolving science and previous monitoring results 
o An understanding of regional ecosystem function  
o Existing and ongoing studies and programs to leverage monitoring 

¶ Develop mechanism(s) to detect how multiple activities might contribute to a combined effect 
on individuals or a population. 

¶ Incorporate adaptive components that will allow for modification of measures or solicitation of 
additional information as needs emerge through the regulatory timeframe.  

¶ Ensure adequate data storage, sharing, and accessibility to NOAA users and the public 

¶ Develop and implement a transparent process to: 
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o Educate and focus the regulated community on priority questions 
o Integrate incoming monitoring data between applicants, as well as among scientists 
o Regularly review and adapt priority questions 

 
NOAA has worked extensively with the Navy over about 10 years on the development of their 
Comprehensive Monitoring Plan, through which they address the monitoring requirements of the 
MMPA and ESA for Navy training and testing activities across multiple regions within the US EEZ.  Their 
monitoring provides a good example of an integrated, goal-oriented, and transparent monitoring 
process (see http://www.navymarinespeciesmonitoring.us/regions/).  Similarly, BP engaged a scientific 
advisory group and worked extensively over years with resource agencies and subsistence communities 
to implement a long-term monitoring plan that addressed the impacts of the operation of the Northstar 
production island and led to multiple peer-reviewed articles that inform impact analyses today.  Other 
companies in the Arctic, such as Shell and Conoco Phillips, have also supported good collaboration and 
robust monitoring plans that have improved our understanding of the effects of seismic operations (see 
NMFS project website for monitoring reports from : 
http://www.nmfs.noaa.gov/pr/permits/incidental/oilgas.htm). 
 
8.  Develop Mechanisms for Outreach, Collaboration, and Stakeholder Engagement:   To fully support 
the Strategy, NOAA would promote public understanding of noise impacts in U.S. waters and abroad 
through targeted outreach efforts.  There are multiple reasons why engagement with stakeholders is 
critical.  Much of the research related to noise effects is conducted by entities outside of NOAA, 
including other Federal agencies (e.g., Navy or BOEM) and academic institutions or consortiums.  Also, 
engagement with the regulated, or noise-producing, community allows NOAA to ensure that noise 
management implementation plans are effective and practicable.  Systematic and regular engagement 
with stakeholders allows for coordination of related research, management, and risk assessment efforts 
to maxiƳƛȊŜ ǎȅƴŜǊƎȅ ŀƴŘ ǊŜǎƻǳǊŎŜ ǎŀǾƛƴƎǎΦ  hǾŜǊ ǘƘŜ ŎƻǳǊǎŜ ƻŦ bh!!Ωǎ /Ŝǘ{ƻǳƴŘ ŀƴŘ bh!! hŎŜŀƴ bƻƛǎŜ 
Strategy efforts, NOAA, Navy, BOEM, the Marine Mammal Commission, Duke University, Heat, Light, 
and Sound Inc., and others have collaborated and jointly funded (multiple separate examples and 
partners) marine mammal surveys, marine mammal density modeling, soundscape modeling, the 
development of risk assessment tools, expert elicitation to identify biologically important areas, and 
multiple workshops to address specific noise-related issues ς all of which advance our collective ability 
to more effectively address the effects of noise on protected species and their habitat.  NOAA will 
continue to explore and invite input regarding mechanisms to improve collaboration, including joint 
development and funding of workshops and decision-making tools, inter-disciplinary and inter-agency 
working groups, targeted solicitation of input through regulatory processes, and other methods. 
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Lb¢wh5¦/¢Lhb 
 
¢ƘŜ ¦Φ{Φ bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ όbh!!ύ ƛǎ ŀ ǎǘŜǿŀǊŘ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ ƻŎŜŀƴǎΣ 
ǿƛǘƘ ŀ ǾŀǊƛŜǘȅ ƻŦ ǎǘŀǘǳǘƻǊȅ ƳŀƴŘŀǘŜǎ ŦƻǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƻŦ Ŏƻŀǎǘŀƭ ŀƴŘ ƳŀǊƛƴŜ 
ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ǊŜǎƻǳǊŎŜǎ ƻŦ ŜŎƻƭƻƎƛŎŀƭΣ ŜŎƻƴƻƳƛŎΣ ŀƴŘ ŎǳƭǘǳǊŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜΦ  ¢ƻ ǘƘƛǎ ŜƴŘΣ bh!! ƛǎ 
ŎƘŀǊƎŜŘ ǿƛǘƘ ǇǊƻǘŜŎǘƛƴƎ ǘƘŜ ƭƻƴƎ-ǘŜǊƳ ƘŜŀƭǘƘ ƻŦ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ ŀǉǳŀǘƛŎ ŀƴƛƳŀƭ ǇƻǇǳƭŀǘƛƻƴǎ ŀƴŘ ǘƘŜ 
Ƙŀōƛǘŀǘǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ǘƘŜƳΣ ƛƴŎƭǳŘƛƴƎ ǿƘŀƭŜǎΣ ŘƻƭǇƘƛƴǎΣ ǎŜŀ ǘǳǊǘƭŜǎΣ ŦƛǎƘŜǎΣ ŀƴŘ ƛƴǾŜǊǘŜōǊŀǘŜǎΦ ²ƘƛƭŜ 
ǘƘŜǎŜ ŀƴƛƳŀƭǎ Ŧƛƭƭ ǾŜǊȅ ŘƛŦŦŜǊŜƴǘ ǊƻƭŜǎ ƛƴ ƳŀǊƛƴŜ ŜŎƻǎȅǎǘŜƳǎΣ Ƴŀƴȅ ƻŦ ǘƘŜƳ ǎƘŀǊŜ ŀ ŎƻƳƳƻƴ ŀƴŘ 
ŦǳƴŘŀƳŜƴǘŀƭ ōƛƻƭƻƎƛŎŀƭ ƴŜŜŘΥ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƘŜŀǊΣ ǇǊƻŘǳŎŜΣ ŀƴŘ ǊŜǎǇƻƴŘ ǘƻ ǎƻǳƴŘΦ 
 
¢ƘŜ ǇǳǊǇƻǎŜŦǳƭ ǳǎŜ ƻŦ ǎƻǳƴŘ ŦƻǊ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ōȅ ƳŀǊƛƴŜ ƳŀƳƳŀƭǎΣ Ƴŀƴȅ ŦƛǎƘΣ ŀƴŘ ŀ ŦŜǿ ƳŀǊƛƴŜ 
ƛƴǾŜǊǘŜōǊŀǘŜǎ ƛǎ ǿŜƭƭ ŘƻŎǳƳŜƴǘŜŘ όǊŜǾƛŜǿŜŘ ōȅ ¢ȅŀŎƪ ϧ /ƭŀǊƪ нлллΣ bƻǊƳŀƴŘŜŀǳ !ǎǎƻŎƛŀǘŜǎ нлмнΣ [ŀŘƛŎƘ 
нлмрύΦ CƻǊ ŜȄŀƳǇƭŜΣ Ŧƛƴ ŀƴŘ ōƭǳŜ ǿƘŀƭŜǎ ǇǊƻŘǳŎŜ ƭƻǿ ŦǊŜǉǳŜƴŎȅ Ŏŀƭƭǎ ǘƘŀǘ ŀǊŜ ǘƘƻǳƎƘǘ ǘƻ Ǉƭŀȅ ǊƻƭŜǎ ƛƴ 
ŦƛƴŘƛƴƎ ƳŀǘŜǎΣ ǎƘŀǊƛƴƎ ŦƻƻŘ ǊŜǎƻǳǊŎŜ ƛƴŦƻǊƳŀǘƛƻƴΣ ŀƴŘ ƴŀǾƛƎŀǘƛƴƎ ŀǘ ƻŎŜŀƴ ōŀǎƛƴ ǎŎŀƭŜǎ όtŀȅƴŜ ϧ ²Ŝōō 
мфтмΣ aƻǊŀƴƻ Ŝǘ ŀƭΦΣ нлмнύΦ Lƴ ŎƻƴǘǊŀǎǘΣ ōƻǘǘƭŜƴƻǎŜ ŘƻƭǇƘƛƴǎ ǳǎŜ ƘƛƎƘŜǊ ŦǊŜǉǳŜƴŎȅ ǎƛƎƴŀƭǎ ǘƻ Ƴŀƛƴǘŀƛƴ 
ǎƻŎƛŀƭ ǎǘǊǳŎǘǳǊŜΣ ƛŘŜƴǘƛŦȅ ƛƴŘƛǾƛŘǳŀƭǎΣ ŀƴŘ ŜŎƘƻƭƻŎŀǘŜ ŘǳǊƛƴƎ ŦƻǊŀƎƛƴƎ όWŀƴƛƪ ϧ {ƭŀǘŜǊ мффуύΦ {ƻƳŜ ŦƛǎƘ 
ǎǇŜŎƛŜǎ ŀǊŜ ǿŜƭƭ ƪƴƻǿƴ ǘƻ ǇǊƻŘǳŎŜ ƭƻǳŘ ƭƻǿ ŦǊŜǉǳŜƴŎȅ ŎƘƻǊǳǎŜǎ ŦƻǊ ŎƻƳƳǳƴƛŎŀǘƛƴƎ ǿƛǘƘ ŎƻƴǎǇŜŎƛŦƛŎǎ 
ŀƴŘ ŀǘǘǊŀŎǘƛƴƎ ƳŀǘŜǎ όaȅǊōŜǊƎ мфумύΦ /ŀǾƛǘŀǘƛƴƎ ōǳōōƭŜǎ ǇǊƻŘǳŎŜŘ ōȅ ǎƴŀǇǇƛƴƎ ǎƘǊƛƳǇ ŜƳƛǘ ǎƻǳƴŘ ǳǇƻƴ 
ǘƘŜƛǊ ŎƻƭƭŀǇǎŜ ǘƘŀǘ ǎǘǳƴ ǇǊŜȅ ŀƴŘ ǇǊƻǾƛŘŜ ŀ ƳŜŀƴǎ ŦƻǊ ƛƴŘƛǾƛŘǳŀƭǎ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ ǿƛǘƘ ƻƴŜ ŀƴƻǘƘŜǊ ŀƴŘ 
ŘŜŦŜƴŘ ǘŜǊǊƛǘƻǊƛŜǎ όVersluis et al., 2000)Φ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜǊŜ ƛǎ ŜǾƛŘŜƴŎŜ ŦǊƻƳ ōƻǘƘ ǘŜǊǊŜǎǘǊƛŀƭ ŀƴŘ ƳŀǊƛƴŜ 
ƻǊƎŀƴƛǎƳǎ ƛƭƭǳǎǘǊŀǘƛƴƎ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŀŘǾŜƴǘƛǘƛƻǳǎ ǎƻǳƴŘǎΥ ǘƘƻǎŜ ƎŀǘƘŜǊŜŘ ƻǇǇƻǊǘǳƴƛǎǘƛŎŀƭƭȅ 
ŦǊƻƳ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ Ƙŀōƛǘŀǘ ǘƘǊƻǳƎƘ ŜŀǾŜǎŘǊƻǇǇƛƴƎ ǊŀǘƘŜǊ ǘƘŀƴ ŦǊƻƳ ŀ ǇǳǊǇƻǎŜŦǳƭ ǎŜƴŘŜǊ ό.ŀǊōŜǊ Ŝǘ 
ŀƭΦΣ нлмлΣ {ƭŀōōŜƪƻƻǊƴ Ŝǘ ŀƭΦΣ нлмлΣ wŀŘŦƻǊŘ Ŝǘ ŀƭΦΣ нлмпύΦ 
 
aŀƴȅ ŀƴƛƳŀƭǎ ƘŜŀǊ ŀƴŘ ǊŜǎǇƻƴŘ ǘƻ ŦǊŜǉǳŜƴŎƛŜǎ ƻǳǘǎƛŘŜ ƻŦ ǘƘƻǎŜ ǘƘŜȅ ǇǊƻŘǳŎŜΣ ǳƴŘŜǊǎŎƻǊƛƴƎ ǘƘŜ 
ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŜŀǾŜǎŘǊƻǇǇƛƴƎ ƻƴ ƻǘƘŜǊ ǎǇŜŎƛŜǎ ƻǊ ƻŦ ŘŜǘŜŎǘƛƴƎ ƳŜŀƴƛƴƎŦǳƭ ǎƻǳƴŘǎ ƳŀŘŜ ōȅ ǘƘŜ ǇƘȅǎƛŎŀƭ 
ŜƴǾƛǊƻƴƳŜƴǘΦ !ǉǳŀǘƛŎ ŜȄŀƳǇƭŜǎ ŀǊŜ ǿƛŘŜ ǊŀƴƎƛƴƎΣ ƛƴŎƭǳŘƛƴƎ ōŀƭŜŜƴ ǿƘŀƭŜǎ ǊŜǎǇƻƴŘƛƴƎ ǘƻ ǎƻǳƴŘǎ ǿƛǘƘƛƴ 
ŦǊŜǉǳŜƴŎƛŜǎ ǳǎŜŘ ōȅ ƪƛƭƭŜǊ ǿƘŀƭŜǎ όŜΦƎΦΣ DƻƭŘōƻƎŜƴ Ŝǘ ŀƭΦΣ нлмоύΣ ƘŜǊǊƛƴƎ ŘŜǘŜŎǘƛƴƎ ǎƻǳƴŘǎ ǳǎŜŘ ōȅ ŜŎƘƻ-
ƭƻŎŀǘƛƴƎ ǿƘŀƭŜǎΣ ŦƛǎƘ ŀƴŘ ŎǊŀō ƭŀǊǾŀŜ ǳǎƛƴƎ ǊŜŜŦ ǎƻǳƴŘǎ ŘƻƳƛƴŀǘŜŘ ōȅ ǎƴŀǇǇƛƴƎ ǎƘǊƛƳǇ ŀǎ ŘƛǊŜŎǘƛƻƴŀƭ 
ŎǳŜǎΣ ǎƘŀǊƪǎ ŀǇǇǊƻŀŎƘƛƴƎ ǘƘŜ ǎƻǳƴŘǎ ƳŀŘŜ ōȅ ǎǘǊǳƎƎƭƛƴƎ ǇǊŜȅ ŀƴŘ ǎǳǊŦŀŎŜ-ŦŜŜŘƛƴƎ ŦƛǎƘ ǊŜǎǇƻƴŘƛƴƎ ǘƻ 
ǎƻǳƴŘǎ ƻŦ ǇǊŜȅ ŦŀƭƭƛƴƎ ƛƴǘƻ ǘƘŜ ǿŀǘŜǊ όǊŜǾƛŜǿŜŘ ōȅ {ƭŀōōŜƪƻƻǊƴ Ŝǘ ŀƭΦΣ нлмлΣ ǇΦ муоύΦ .ŀǊōŜǊ Ŝǘ ŀƭΦ όнлмлύ 
ǎǳƳƳŀǊƛȊŜ ŀ ǇŀǘǘŜǊƴ ǘƘŀǘ ŀǇǇŜŀǊǎ ōǊƻŀŘƭȅ ŎƻƴǎƛǎǘŜƴǘ ŦƻǊ ōƻǘƘ ǘŜǊǊŜǎǘǊƛŀƭ ŀƴŘ ƳŀǊƛƴŜ ǊŜŀƭƳǎΥ άLǘ ƛǎ ŎƭŜŀǊ 
ǘƘŀǘ ǘƘŜ ŀŎƻǳǎǘƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ƴƻǘ ŀ ŎƻƭƭŜŎǘƛƻƴ ƻŦ ǇǊƛǾŀǘŜ ŎƻƴǾŜǊǎŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǎƛƎƴŀƭŜǊ ŀƴŘ ǊŜŎŜƛǾŜǊ 
ōǳǘ ŀƴ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ƭŀƴŘǎŎŀǇŜ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ƴŜǘǿƻǊƪǎέΦ !ǎ ŘŜŦƛƴŜŘ ŦƻǊ ƘǳƳŀƴǎ ōȅ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ 
{ǘŀƴŘŀǊŘǎ hǊƎŀƴƛȊŀǘƛƻƴ όнлмпύΣ ǎƻǳƴŘǎŎŀǇŜǎ ŀǊŜ ŀ άǇŜǊŎŜǇǘǳŀƭ ŎƻƴǎǘǊǳŎǘέ ƛƴŎƭǳǎƛǾŜ ƻŦ ŀƭƭ ǘƘŜ ǎƻǳƴŘǎ 
ǇŜǊŎŜƛǾŜŘ ōȅ ǇŜƻǇƭŜ ƛƴ ŀ ǇƭŀŎŜΦ ²ƛƭŘƭƛŦŜ ŜŎƻƭƻƎƛǎǘǎΣ ƘƻǿŜǾŜǊΣ ƳƻǊŜ ǘȅǇƛŎŀƭƭȅ ŎƘŀǊŀŎǘŜǊƛȊŜ ǎƻǳƴŘǎŎŀǇŜǎ ŀǎ 
ŀƭƭ ǘƘŜ ǎƻǳƴŘǎ  ǇǊŜǎŜƴǘ ƛƴ ŀ ǇŀǊǘƛŎǳƭŀǊ ƭƻŎŀǘƛƻƴ ŀƴŘ ǘƛƳŜ  όtƛƧŀƴƻǿǎƪƛ Ŝǘ ŀƭΦΣ нлммύΦ  ¢ƘŜ ŎƻƳǇƭŜȄ ŀƴŘ 
ŘȅƴŀƳƛŎ ŀǎǎŜƳōƭŀƎŜǎ ƻŦ ƴŀǘǳǊŀƭ ǎƻǳƴŘǎ ǘƘŀǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǎƻǳƴŘǎŎŀǇŜǎ ŀǊŜ ƛƴƘŜǊŜƴǘ ŀǎǇŜŎǘǎ ƻŦ ŘƛǎŎǊŜǘŜ 
ƳŀǊƛƴŜ Ƙŀōƛǘŀǘǎ ƛƴƘŀōƛǘŜŘ ōȅ ƛƴŘƛǾƛŘǳŀƭ ǎǇŜŎƛŜǎ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ŎƻƳƳǳƴƛǘƛŜǎ όCƛƎǳǊŜ н-мύΦ ¢ƘǳǎΣ ŀǎ 
ŜȄǇŜǊƛŜƴŎŜŘ ōȅ ǘƘŜ  ŀƴƛƳŀƭǎ ƛƴƘŀōƛǘƛƴƎ ƛǘΣ ŀ ǎƻǳƴŘǎŎŀǇŜ Ƴŀȅ ŀƭǎƻ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘέ 
ό/ƭŀǊƪ Ŝǘ ŀƭΦΣ нллфΣ aƻƻǊŜ Ŝǘ ŀƭΦΣ нлмнŀΣ aŜǊŎƘŀƴǘ Ŝǘ ŀƭΦΣ нлмрύΦ 

                                                           
6 ! ǾŜǊǎƛƻƴ ƻŦ ǘƘƛǎ ǿƻǊƪ ǿŀǎ ǇǳōƭƛǎƘŜŘ ŀǎ [Φ¢Φ IŀǘŎƘΣ /ΦaΦ ²ŀƘƭŜΣ WΦ DŜŘŀƳƪŜΣ WΦ IŀǊǊƛǎƻƴΣ .Φ [ŀǿǎΣ {Φ9Φ aƻƻǊŜΣ WΦIΦ 

{ǘŀŘƭŜǊ ϧ {ΦaΦ ±ŀƴ tŀǊƛƧǎΦ όнлмсύ /ŀƴ ȅƻǳ ƘŜŀǊ ƳŜ ƘŜǊŜΚ aŀƴŀƎƛƴƎ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ƛƴ ¦{ ǿŀǘŜǊǎΦ 9ƴŘŀƴƎŜǊŜŘ 
{ǇŜŎƛŜǎ wŜǎŜŀǊŎƘ олΥ мтм-мусΦ 
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CƛƎǳǊŜ н-мΦ tƻǘŜƴǘƛŀƭ ŀŎƻǳǎǘƛŎŀƭƭȅ ƳŜŘƛŀǘŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ǇŀǘƘǿŀȅǎ όȅŜƭƭƻǿ ŘƻǘǘŜŘ ƭƛƴŜǎύ ƛƴ ŀ ƳŀǊƛƴŜ ŎƻƳƳǳƴƛǘȅΣ 
ƛƴŎƭǳŘƛƴƎΣ ōǳǘ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻΣ ǇǳǊǇƻǎŜŦǳƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ōŜǘǿŜŜƴ ƛƴŘƛǾƛŘǳŀƭǎΣ ǳǎŜ ƻŦ ŜŎƘƻƭƻŎŀǘƛƻƴ ƻǾŜǊ 
ŘƛǎǘŀƴŎŜǎ όƭŀǊƎŜ ŀƴŘ ǎƳŀƭƭύΣ ŜŀǾŜǎŘǊƻǇǇƛƴƎ ƻƴ ǎƻǳƴŘǎ ƳŀŘŜ ōȅ ƻǘƘŜǊ ŀƴƛƳŀƭǎΣ ŘŜǘŜŎǘƛƻƴ ƻŦ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎΣ 
ŀƴŘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǎŜŀŦƭƻƻǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ŀƭƭ ǎǳǇǇƻǊǘƛƴƎ ōƛƻƭƻƎƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ōŜƘŀǾƛƻǊǎ ǎǳŎƘ ŀǎ 
ǎŜǘǘƭŜƳŜƴǘΣ ǊŜŎǊǳƛǘƳŜƴǘΣ ŦŜŜŘƛƴƎΣ ƳƛƎǊŀǘƛƻƴΣ ŀƴŘ ǊŜǇǊƻŘǳŎǘƛƻƴΦ ²ƘƛǘŜ ŎƛǊŎƭŜǎ ŀƴŘ ōƭǳŜΣ ƎǊŜŜƴ ŀƴŘ ȅŜƭƭƻǿ 
ǎŜƳƛŎƛǊŎƭŜǎ ƎŜƴŜǊƛŎŀƭƭȅ ǊŜǇǊŜǎŜƴǘ ƛƴŦƻǊƳŀǘƛƻƴ-ƎŀǘƘŜǊƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ ǎƻǳƴŘ ǇǊƻŘǳŎǘƛƻƴΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 

 
!ŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ƛŘŜƴǘƛŦƛŜŘ ǘƻŘŀȅ ŀǊŜ ƻŦǘŜƴ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƳƻŘƛŦƛŜŘ ōȅ ƴƻƛǎŜ ǇǊƻŘǳŎŜŘ ōȅ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎΣ 
ŀƴŘ ǘƘǳǎ ŜŦŦƻǊǘǎ Ƴǳǎǘ ōŜ ƳŀŘŜ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ōƻǘƘ ǘƘŜƛǊ ƴŀǘǳǊŀƭ ŀƴŘ ŀƭǘŜǊŜŘ ŎƻƴŘƛǘƛƻƴǎΦ {ǳŎƘ ŀŎǘƛǾƛǘƛŜǎΣ 
ŀƴŘ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ƴƻƛǎŜ ƭŜǾŜƭǎ ǘƘŀǘ ǘƘŜȅ ǇǊƻŘǳŎŜΣ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎ ǘƘǊƻǳƎƘƻǳǘ Ŏƻŀǎǘŀƭ ŀƴŘ ƻŎŜŀƴ ǿŀǘŜǊǎ ƛƴ 
ōƻǘƘ ǘƛƳŜ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴΦ ¢ƘŜǊŜ ŀǊŜ ŦŜǿ ŀǉǳŀǘƛŎ ŀǊŜŀǎ ǿƘŜǊŜ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ƴƻƛǎŜ ƛǎ ŀōǎŜƴǘΦ /ƘŀƴƎŜǎ ƛƴ 
ƴƻƛǎŜ ŎƻƴŘƛǘƛƻƴǎ ƻǾŜǊ ǘƛƳŜ ŀǊŜ ǇǊŜŘƛŎǘŜŘ ǘƻ ǾŀǊȅ ŎƻƴǎƛŘŜǊŀōƭȅ ŀƳƻƴƎ ƻŎŜŀƴ ŀƴŘ Ŏƻŀǎǘŀƭ ŀǊŜŀǎΦ Lƴ ǎƻƳŜ 
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ƘŜŀǾƛƭȅ ǳǎŜŘ ŀǊŜŀǎΣ ǎŜǾŜǊŀƭ-ŦƻƭŘ ƛƴŎǊŜŀǎŜǎ ƛƴ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ƘǳƳŀƴ ƴƻƛǎŜ ǘƻ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ƘŀǾŜ 
ōŜŜƴ ƳŜŀǎǳǊŜŘ ƻǾŜǊ Ƨǳǎǘ ŀ ŦŜǿ ŘŜŎŀŘŜǎ ό!ƴŘǊŜǿǎ Ŝǘ ŀƭΦΣ нллнΣ aŎ5ƻƴŀƭŘ Ŝǘ ŀƭΦΣ нллсύΦ ²ƘƛƭŜ ǎƻƳŜ 
ƳŀǊƛƴŜ ŀƴƛƳŀƭǎ ŀǊŜ ŎŀǇŀōƭŜ ƻŦ ŀŘƧǳǎǘƛƴƎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎƛƎƴŀƭǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƴƻƛǎŜ όŜΦƎΦΣ Iƻƭǘ Ŝǘ ŀƭΦΣ 
нллфΣ tŀǊƪǎ Ŝǘ ŀƭΦΣ нлмлύΣ ƛǘ ƛǎ ǳƴƪƴƻǿƴ ǿƘŜǘƘŜǊ ǘƘŜǎŜ ŎƘŀƴƎŜǎ Ŏŀƴ ǘǊŀƴǎŦŜǊ ōŜǘǿŜŜƴ ƎŜƴŜǊŀǘƛƻƴǎ ƻǊ 
ǿƘŜǘƘŜǊ ǘƘŜȅ ǊŜǎǳƭǘ ƛƴ ƭƻƴƎ-ǘŜǊƳ ŦƛǘƴŜǎǎ ŎƻƴǎŜǉǳŜƴŎŜǎ όǎŜŜ CǊŀƴŎƛǎ ŀƴŘ .ŀǊōŜǊΣ нлмо ŦƻǊ ŘƛǎŎǳǎǎƛƻƴ ƻŦ 
ŜǾƻƭǳǘƛƻƴŀǊȅ ǘǊŀǇǎ ŀƴŘ ƳŀƭŀŘŀǇǘƛǾŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ǎƛƎƴŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƴƻƛǎŜύΦ !ǎ 
ǊŜǾƛŜǿŜŘ ōȅ 9ǊōŜ Ŝǘ ŀƭΦ όнлмсύΣ ŀƴƛƳŀƭǎ ƘŀǾŜ ŜǾƻƭǾŜŘ ǎƻƳŜ ƳŜŎƘŀƴƛǎƳǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ 
ǇŜǊŎŜƛǾŜ ǎƛƎƴŀƭǎ ƻŦ ōƛƻƭƻƎƛŎŀƭ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎƻƳŜ ƴƻƛǎŜΦ IƻǿŜǾŜǊΣ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ƭƛŦŜ 
ǎǇŀƴǎ ƻŦ ƳŀǊƛƴŜ ƻǊƎŀƴƛǎƳǎΣ ƴƻƛǎŜ ƭŜǾŜƭǎ ƛƴ Ƴŀƴȅ Ŏƻŀǎǘŀƭ ŀƴŘ ƻŦŦǎƘƻǊŜ ŀǊŜŀǎ ƘŀǾŜ ǎŜŜƴ ǎƛƎƴƛŦƛŎŀƴǘ ƎǊƻǿǘƘ 
ƻǾŜǊ Ƨǳǎǘ ŀ ƘŀƴŘŦǳƭ όŜΦƎΦΣ ǎƻƳŜ ŦƛǎƘΣ ǘǳǊǘƭŜǎ ŀƴŘ ƳŀǊƛƴŜ ƳŀƳƳŀƭǎύ ǘƻ ǘŜƴǎ όŜΦƎΦΣ ǎƻƳŜ ŦƛǎƘ ŀƴŘ 
ƛƴǾŜǊǘŜōǊŀǘŜǎύ ƻŦ ƎŜƴŜǊŀǘƛƻƴǎΦ DƛǾŜƴ ǘƘƛǎ ǊŀǇƛŘ ƛƴŎǊŜŀǎŜΣ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŜǾƻƭǾŜŘ ƳŜŎƘŀƴƛǎƳǎ ǘƻ  
ŀƳŜƭƛƻǊŀǘŜ ƭƻǎǎ ƻŦ ŀŎƻǳǎǘƛŎ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ Ƴŀƴȅ ŎƻƴǘŜƳǇƻǊŀǊȅ ƴƻƛǎŜ ŜƴǾƛǊƻƴƳŜƴǘǎ ƛǎ ƭƛƪŜƭȅ ǘƻ ōŜ ƭƛƳƛǘŜŘΦ 
!ŘŘƛǘƛƻƴŀƭƭȅΣ .ŀǊōŜǊ Ŝǘ ŀƭΦ όнлмлύ ǊŜƳƛƴŘ ǳǎ ǘƘŀǘ ǿƘƛƭŜ ŜǾƻƭǳǘƛƻƴŀǊȅ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ǊŜŘǳŎŜ ƳŀǎƪƛƴƎ ƻŦ 
ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎƛƎƴŀƭǎ Ŏŀƴ ŀŎǘ ƻƴ ōƻǘƘ ŎƻƴǎǇŜŎƛŦƛŎ ǎŜƴŘŜǊǎ ŀƴŘ ǊŜŎŜƛǾŜǊǎΣ ƳŜŎƘŀƴƛǎƳǎ ǘƻ ƛƳǇǊƻǾŜ 
ǇŜǊŎŜǇǘƛƻƴ ƻŦ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ ƛƴŎƛŘŜƴǘŀƭ ǎƻǳƴŘǎ ǊŜƭŀǘƛǾŜ ǘƻ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ ƴƻƛǎŜ ǘȅǇŜǎ Ƴǳǎǘ ōŜ ŦŀǊ ƭŜǎǎ 
ǎƛƴƎǳƭŀǊƭȅ ŦƻŎǳǎŜŘ όǊŜǎǳƭǘƛƴƎ ƛƴ ƭŜǎǎ ǎŜƭŜŎǘƛǾŜ ǇǊŜǎǎǳǊŜύ ŀƴŘ ŀǊŜ ƭƛƳƛǘŜŘ ǘƻ ǘƘŜ ƭƛǎǘŜƴŜǊǎΦ 
 
bh!! ǊŜŎƻƎƴƛȊŜǎ ǘƘŜ ƴŜŜŘ ǘƻ ŘŜǾŜƭƻǇ ŀƴ ŀǇǇǊƻŀŎƘ ǘƻ ǳƴŘŜǊǿŀǘŜǊ ƴƻƛǎŜ ƳŀƴŀƎŜƳŜƴǘ ǘƘŀǘ ŎƻƴǎƛŘŜǊǎ ƴƻǘ 
ƻƴƭȅ ƛǘǎ ŜŦŦŜŎǘǎ ƻƴ ƛƴŘƛǾƛŘǳŀƭ ŀƴƛƳŀƭǎΣ ōǳǘ ŀƭǎƻ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƴŀǘǳǊŀƭ ǎƻǳƴŘǎ ƛƴ ǘƘŜ ǇƭŀŎŜǎ ǿƘŜǊŜ 
ǘƘƻǎŜ ŀƴƛƳŀƭǎ ƭƛǾŜΦ !ǎ ǘƘŜ ǿƻǊƭŘΩǎ Ŏƻŀǎǘǎ ŀƴŘ ƻŎŜŀƴǎ ōŜŎƻƳŜ ōǳǎƛŜǊ ŀƴŘ ƴƻƛǎƛŜǊΣ bh!! ǿƛƭƭ ōŜ ŎƘŀƭƭŜƴƎŜŘ 
ǘƻ ŎǊŀŦǘ ŀƴŘ ƛƳǇƭŜƳŜƴǘ ƴŜǿ ƳŀƴŀƎŜƳŜƴǘ ŀǇǇǊƻŀŎƘŜǎ ǘƘŀǘ ōŀƭŀƴŎŜ ǘƘŜ ŎƻƳǇŜǘƛƴƎ ƴŜŜŘǎ ƻŦ Ŏƻŀǎǘŀƭ ŀƴŘ 
ƻŎŜŀƴ ǊŜǎƻǳǊŎŜ ǳǎŜǊǎ ŀƴŘ ƴŀǘǳǊŀƭ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΦ Lƴ ǘƘƛǎ ǇŀǇŜǊΣ ǿŜ ŘŜǎŎǊƛōŜ ƪŜȅ ŜƭŜƳŜƴǘǎ ƻŦ ŀƴ 
ŀƎŜƴŎȅ-ǿƛŘŜ ǎǘǊŀǘŜƎȅ ǘƻ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜƭȅ ƳŀƴŀƎŜ ƴƻƛǎŜ ƛƳǇŀŎǘǎ ǘƻ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΣ ƛƴŎƭǳŘƛƴƎ 
ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ǎŎƛŜƴŎŜ ƴŜŜŘŜŘ ǘƻ ŀǎǎŜǎǎ Ƙŀōƛǘŀǘ ǎǘŀǘǳǎ ŀƴŘ ƴƻƛǎŜ ƛƴŦƭǳŜƴŎŜǎΦ ²Ŝ ǘƘŜƴ ŜȄŀƳƛƴŜ 
bh!!Ωǎ ƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭǎ ŀƴŘ ŎƻƴǎƛŘŜǊ ǘƘŜƛǊ ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ǇǊƻǘŜŎǘƛƻƴ ƎƻŀƭǎΣ 
ƘƛƎƘƭƛƎƘǘƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ŀǊŜ ǳƴŘŜǊǿŀȅ ƻǊ ŎƻǳƭŘ ōŜ ǳƴŘŜǊǘŀƪŜƴ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜǎŜ ƎƻŀƭǎΦ 
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5ŜǎŎǊƛōƛƴƎ !ŎƻǳǎǘƛŎ Iŀōƛǘŀǘǎ 
¢ƘŜ ǇƭŀŎŜ ǿƘŜǊŜ ŀƴ ŀƴƛƳŀƭ ƭƛǾŜǎ ƛǎ ŎŀƭƭŜŘ ƛǘǎ άƘŀōƛǘŀǘέ ŀƴŘ ƛǎ ŘŜǎŎǊƛōŜŘ ōȅ ƛǘǎ ǇƘȅǎƛŎŀƭ ŀƴŘ ōƛƻƭƻƎƛŎŀƭ 
ŀǘǘǊƛōǳǘŜǎΣ ƛƴŎƭǳŘƛƴƎ ƛǘǎ ŀŎƻǳǎǘƛŎ ŎƻƴŘƛǘƛƻƴǎΦ ¦ƴŘŜǊ ǎǘǊƛŎǘ Ƙŀōƛǘŀǘ ŘŜŦƛƴƛǘƛƻƴǎΣ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ƛǎ ŀƴ 
ŀǘǘǊƛōǳǘŜ ƻŦ ǘƘŜ ŀǊŜŀ ǎǳǊǊƻǳƴŘƛƴƎ ƛƴŘƛǾƛŘǳŀƭ ŀƴƛƳŀƭǎΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ŎƻƴŎŜǇǘ ƛǎ ŎƻƳƳƻƴƭȅ ŜȄǇŀƴŘŜŘ ǘƻ 
ǊŜŦŜǊ ǘƻ Ƙŀōƛǘŀǘ ŀǎ ǘƘŜ ǇƭŀŎŜ ǿƘŜǊŜ ƳǳƭǘƛǇƭŜ ǎǇŜŎƛŜǎ ƻŎŎǳǊ ǘƻƎŜǘƘŜǊ ǳƴŘŜǊ ǎƛƳƛƭŀǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ŎƻƴŘƛǘƛƻƴǎΦ ! Ƙŀōƛǘŀǘ Ŏŀƴ ǘƘŜǊŜŦƻǊŜ ōŜ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ŦǊƻƳ ǎǳǊǊƻǳƴŘƛƴƎ Ƙŀōƛǘŀǘǎ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ōƻǘƘ ƛǘǎ 
ǎǇŜŎƛŜǎ ŎƻƳǇƻǎƛǘƛƻƴ ŀƴŘ ƛǘǎ ǇƘȅǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ όŜΦƎΦΣ ǘȅǇŜ ƻŦ ǎŜŀōŜŘΣ ǘƛŘŀƭ ŎǳǊǊŜƴǘǎΣ 
ǎŀƭƛƴƛǘȅύΦ !ƴ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ Ŏŀƴ ǎƛƳƛƭŀǊƭȅ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŀƴ ŀǎǎŜƳōƭŀƎŜ ƻŦ ǎǇŜŎƛŜǎ ǘƘŀǘ ŀǊŜ ƪƴƻǿƴ ǘƻ 
ŎƻƭƭŜŎǘƛǾŜƭȅ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ƻŦǘŜƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŀ ƴŀǘǳǊŀƭ ǎƻǳƴŘǎŎŀǇŜ ǘƘŀǘ ƛǎ ŘƛǎǘƛƴƎǳƛǎƘŀōƭŜ ŦǊƻƳ 
ǎǳǊǊƻǳƴŘƛƴƎ ǎƻǳƴŘǎŎŀǇŜǎΦ {ƻǳƴŘǎŎŀǇŜ ƳŜŀǎǳǊŜƳŜƴǘǎ Ŏŀƴ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀǉǳŀǘƛŎ Ƙŀōƛǘŀǘǎ ǘƘŀǘ ƘŀǾŜ 
ōŜŜƴ ŎƭŀǎǎƛŦƛŜŘ ǳǎƛƴƎ ƳƻǊŜ ǘǊŀŘƛǘƛƻƴŀƭ Řŀǘŀ ǘȅǇŜǎ όŜΦƎΦΣ aŎ²ƛƭƭƛŀƳǎ ϧ Iŀǿƪƛƴǎ нлмоΣ [ƛƭƭƛǎ Ŝǘ ŀƭΦΣ нлмпύΦ 
{ǳŎƘ ƳŜŀǎǳǊŜƳŜƴǘǎ Ŏŀƴ ƛƭƭǳǎǘǊŀǘŜ ǾŀǊƛŀƴŎŜ ƛƴ ǎǇŀŎŜΣ ǘƛƳŜΣ ŀƴŘ ŦǊŜǉǳŜƴŎȅ ŎƻƴǘŜƴǘΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǿƘŀǘ 
ǎǇŜŎƛŜǎ ŀǊŜ ǇǊŜǎŜƴǘ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƴŀǘǳǊŀƭ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ǿƛǘƘƛƴ ǘǊƻǇƛŎŀƭ 
ǊŜŜŦ ŀǊŜŀǎ Ƴŀȅ ōŜ ƘŜŀǾƛƭȅ ŘƻƳƛƴŀǘŜŘ ōȅ ǘƘŜ ǇƻǇǇƛƴƎ ƻŦ ǎƴŀǇǇƛƴƎ ǎƘǊƛƳǇ ŀƴŘ ǿƛƭƭ ǘƘŜǊŜŦƻǊŜ ŘƛŦŦŜǊ 
ŘǊŀƳŀǘƛŎŀƭƭȅ ŦǊƻƳ ǘƘƻǎŜ ǿƛǘƘƛƴ ǘŜƳǇŜǊŀǘŜ ōƻǳƭŘŜǊ ŦƛŜƭŘǎ ƛƴƘŀōƛǘŜŘ ōȅ ǘƘŜ ƎǊǳƴǘƛƴƎ ŀƴŘ ǘƘǊǳƳƳƛƴƎ ƻŦ ŦƛǎƘ 
ǎǳŎƘ ŀǎ ŎǳǎƪΣ ǎŎǳƭǇƛƴ ŀƴŘ ŎƻŘ όŜΦƎΦΣ wƻǳƴǘǊŜŜ Ŝǘ ŀƭΦΣ нллсΣ {ǘŀŀǘŜǊƳŀƴ Ŝǘ ŀƭΦΣ нлмоύΦ !ŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ Ƴŀȅ 
ǾŀǊȅ ǎŜŀǎƻƴŀƭƭȅ ƛƴ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƴƛƳŀƭǎ ǘƘŀǘ ǇǊƻŘǳŎŜ ǎƻǳƴŘǎΣ ǿƘŜǘƘŜǊ ǘƘŜȅ ŀǊŜ 
ŦŜŜŘƛƴƎΣ ǊŜǇǊƻŘǳŎƛƴƎΣ ƻǊ ǎƛƳǇƭȅ ƳƛƎǊŀǘƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ŀǊŜŀ όŜΦƎΦΣ aƻƻǊŜ Ŝǘ ŀƭΦΣ нлмнōΣ tŀǊƪǎ Ŝǘ ŀƭΦΣ нлмпύΦ 
9ƴǾƛǊƻƴƳŜƴǘŀƭ ǎƻǳǊŎŜǎ ƻŦ ǎƻǳƴŘ Ŏŀƴ ŀƭǎƻ ǎƘƻǿ ǎǘǊƻƴƎ ǘŜƳǇƻǊŀƭ ǘǊŜƴŘǎΣ ǎǳŎƘ ŀǎ ƭƻǳŘŜǊΣ ǎǘƻǊƳƛŜǊ ǿƛƴǘŜǊ 
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ƳƻƴǘƘǎ ŀƴŘ ǉǳƛŜǘŜǊΣ ƭƻǿŜǊ ǿƛƴŘ ǎǳƳƳŜǊ ƳƻƴǘƘǎΣ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ƭŀǊƎŜ ƛƴǘǊŀ-ŀƴƴǳŀƭ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ 
ƴŀǘǳǊŀƭ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ό²ŜƴȊ мфснΣ ¦ǊƛŎƪ мфуоύΦ {ǳŎƘ ƴŀǘǳǊŀƭ ǎƻǳǊŎŜǎ ƻŦ ǾŀǊƛŀƴŎŜ Ƴǳǎǘ ōŜ ŀŎŎƻǳƴǘŜŘ 
ŦƻǊ ƛƴ ŦǳǊǘƘŜǊ ŜǾŀƭǳŀǘƛƴƎ ŀƭǘŜǊŀǘƛƻƴǎ ƻŦ ǎǳŎƘ Ƙŀōƛǘŀǘǎ ōȅ ƴƻƛǎŜ ŦǊƻƳ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎΦ 
 
!ƭǘƘƻǳƎƘ ŀ ŦŜǿ ƴƻƛǎŜ ǎƻǳǊŎŜǎ ǇǊƻŘǳŎŜ ǊŜƭŀǘƛǾŜƭȅ ŎƻƴǎƛǎǘŜƴǘ ŀŎƻǳǎǘƛŎ ƛƴǇǳǘ ǘƻ Ƙŀōƛǘŀǘǎ όŜΦƎΦΣ ƭŀǊƎŜ 
ŎƻƳƳŜǊŎƛŀƭ ǎƘƛǇǇƛƴƎύ ǘƘŜ ŎǳƳǳƭŀǘƛǾŜ ŦƻƻǘǇǊƛƴǘ ƻŦ ƴƻƛǎŜ ŦǊƻƳ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ ƛǎ ƻŦǘŜƴ ŘȅƴŀƳƛŎΦ bƻƛǎŜ 
ƳŀŘŜ ōȅ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ ǾŀǊƛŜǎ ǿƛŘŜƭȅ ƛƴ ƛǘǎ ŦǊŜǉǳŜƴŎȅ ŎƻƴǘŜƴǘΣ ŘǳǊŀǘƛƻƴ ŀƴŘ ƭƻǳŘƴŜǎǎΦ  /ƻƴǎŜǉǳŜƴǘƭȅΣ 
ŀƴǘƘǊƻǇƻƎŜƴƛŎ ƴƻƛǎŜ Ŏŀƴ ŀŦŦŜŎǘ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ƭƻŎŀƭƭȅ ŦƻǊ ōǊƛŜŦ ǇŜǊƛƻŘǎ ƻŦ ǘƛƳŜ ŀǎ ǿŜƭƭ ŀǎ ŎƘǊƻƴƛŎŀƭƭȅ 
ƻǾŜǊ ƭŀǊƎŜ ŀǊŜŀǎ ŦƻǊ ƭƻƴƎ ŘǳǊŀǘƛƻƴǎΦ ¢ƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ƴƻƛǎŜ ǎƻǳǊŎŜǎ ƎǊŜŀǘƭȅ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ǘȅǇŜǎ ƻŦ 
ƛƳǇŀŎǘǎ ǘƘŜȅ Ƴŀȅ ƘŀǾŜ ƻƴ ƳŀǊƛƴŜ ŀƴƛƳŀƭǎ ŀƴŘ ǘƘŜƛǊ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΦ !ǘ ŎƭƻǎŜ ǇǊƻȄƛƳƛǘȅΣ ƭƻǳŘ ƴƻƛǎŜǎ Ŏŀƴ 
ǊŜǎǳƭǘ ƛƴ ƘŜŀǊƛƴƎ ŘŀƳŀƎŜ ŀƴŘ ƻǘƘŜǊ ǇƘȅǎƛŎŀƭ ƛƴƧǳǊȅ ǘƻΣ ƻǊ ŜǾŜƴ ŘŜŀǘƘ ƻŦΣ ŀƴƛƳŀƭǎΦ {ǳŘŘŜƴΣ ŜǊǊŀǘƛŎ ƻǊ ŀŎǳǘŜ 
ƴƻƛǎŜǎ Ŏŀƴ ŀŘŘƛǘƛƻƴŀƭƭȅ ōŜ ǇŜǊŎŜƛǾŜŘ ŀǎ ǘƘǊŜŀǘǎΣ ƭŜŀŘƛƴƎ ǘƻ ŀŘǾŜǊǎŜ ǊŜǎǇƻƴǎŜǎΣ ǿƘƛƭŜ ŦǊŜǉǳŜƴǘ ŀƴŘ ŎƘǊƻƴƛŎ 
ƴƻƛǎŜ Ŏŀƴ ƛƴǘŜǊǊǳǇǘ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŀƴŘ ŘƛǎǊǳǇǘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŘŜǘŜŎǘ ŀŎƻǳǎǘƛŎ ŎǳŜǎΦ !ƭƭ ƻŦ ǘƘŜǎŜ ǘȅǇŜǎ ƻŦ 
ƛƳǇŀŎǘǎ Ŏŀƴ ƘŀǾŜ Ǿƛŀōƛƭƛǘȅ ŎƻƴǎŜǉǳŜƴŎŜǎ όǎŜŜ CƛƎǳǊŜ оΣ CǊŀƴŎƛǎ ϧ .ŀǊōŜǊ нлмоύΦ 
 
{ǘǳŘƛŜǎ ƻŦ ŦƛǎƘŜǎ ƘŀǾŜ ǉǳŀƴǘƛŦƛŜŘ ǘƘŜ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘǎ ƻŦ ƴƻƛǎŜ-ŘƛǎǊǳǇǘŜŘ ōŜƘŀǾƛƻǊŀƭ ǇŀǘǘŜǊƴǎ ƻƴ ŦƻǊŀƎƛƴƎ 
ǎǳŎŎŜǎǎ όtǳǊǎŜǊ ϧ wŀŘŦƻǊŘ нлммύ ŀƴŘ ǇǊŜŘŀǘƻǊ ŀǿŀǊŜƴŜǎǎ ό±ƻŜƭƭƳȅ Ŝǘ ŀƭΦΣ нлмпΣ {ƛƳǇǎƻƴ Ŝǘ ŀƭΦΣ нлмрύΦ 
9ŦŦŜŎǘǎ ƻŦ ƭƻǎǘ ƭƛǎǘŜƴƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƛƴ ƴƻƛǎȅ ŎƻƴŘƛǘƛƻƴǎ Ŏŀƴ ōŜ ŀǎǎŜǎǎŜŘ ŦƻǊ ǎǇŜŎƛŦƛŎΣ ƛŘŜƴǘƛŦƛŜŘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƻǊ ŀŘǾŜƴǘƛǘƛƻǳǎ ŎǳŜǎ ƻŦ ƛƳǇƻǊǘŀƴŎŜΣ ƻǊ ƳƻǊŜ ƎŜƴŜǊŀƭƭȅ ōŀǎŜŘ ƻƴ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ǾƻƭǳƳŜ 
ƻŦ ǎǇŀŎŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŀŎƻǳǎǘƛŎ ŘŜǘŜŎǘƛƻƴ όǎŜŜ .ƻȄ нΣ .ŀǊōŜǊ Ŝǘ ŀƭΦΣ нлмлύΦ ¢ƛƳŜ-ǎŜǊƛŜǎ Řŀǘŀ ŘƻŎǳƳŜƴǘƛƴƎ 
ŎƘŀƴƎŜǎ ƛƴ ƴƻƛǎŜ ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ ƴƻǘ ǘȅǇƛŎŀƭƭȅ ŀǾŀƛƭŀōƭŜΦ 9ǎǘƛƳŀǘŜǎ ƻŦ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ǎǘŀǘǳǎ ƻŦ ŀŎƻǳǎǘƛŎ 
Ƙŀōƛǘŀǘǎ Ŏŀƴ ƛƴŎƻǊǇƻǊŀǘŜ ŎƻƴǘŜƳǇƻǊŀǊȅ ƴƻƛǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ǇǊŜŘƛŎǘƛǾŜ ƳƻŘŜƭƛƴƎ ǿƛǘƘ ŀƴŘ ǿƛǘƘƻǳǘ 
ƴƻƛǎŜ ǎƻǳǊŎŜǎΣ ƻǊ ƘƛǎǘƻǊƛŎŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƳŀŘŜ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ǎƛƳƛƭŀǊ ƻŎŜŀƴƻƎǊŀǇƘƛŎ ǇŀǊŀƳŜǘŜǊǎ όŜΦƎΦΣ 
IŀǘŎƘ Ŝǘ ŀƭΦΣ нлмнύΦ aƻǊŜ ǊŜŎŜƴǘƭȅΣ ǘƘŜ ¦Φ{Φ bŀǘƛƻƴŀƭ tŀǊƪ {ŜǊǾƛŎŜ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇƛƴƎ ƳƻŘŜƭƛƴƎ 
ǘŜŎƘƴƛǉǳŜǎ ǘƻ ǇǊŜŘƛŎǘ ƭŜǾŜƭǎ ƻŦ ƴƻƛǎŜ ǳƴŘŜǊ ŘƛŦŦŜǊŜƴǘ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ ƭŀǊƎŜ ŀǊŜŀǎ ƻŦ ǘƘŜ ŎƻƴǘƛƴŜƴǘŀƭ ¦Φ{Φ!ΦΣ 
ǿƛǘƘ ƻƴŜ ǇǳǊǇƻǎŜ ōŜƛƴƎ ǘƻ ƎŀǳƎŜ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘǎ ǇŀǊƪ ǎƻǳƴŘǎŎŀǇŜ ƳŀƴŀƎŜƳŜƴǘ Ǝƻŀƭǎ όaŜƴƴƛǘǘ Ŝǘ ŀƭΦΣ 
нлмпύΦ   

 
bh!!Ωǎ ¢ƻƻƭǎ ŦƻǊ !ŎƻǳǎǘƛŎ Iŀōƛǘŀǘ wƛǎƪ !ǎǎŜǎǎƳŜƴǘ 
¢ƘŜ ƴŜŜŘ ǘƻ ŘŜǾŜƭƻǇ ƭƻƴƎ-ǘŜǊƳ ǊŜŎƻǊŘƛƴƎ ŀǎǎŜǘǎ ƛƴ ¦Φ{Φ ǿŀǘŜǊǎ ǘƻ ŜƴŀōƭŜ Ŧǳƭƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƭƻŎŀƭƛȊŜŘ 
ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΣ ŀƴŘ ǎǳǇǇƻǊǘ ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻƳǇŀǊƛǎƻƴǎ ōƻǘƘ ǿƛǘƘƛƴ Ƙŀōƛǘŀǘǎ ƻǾŜǊ ǘƛƳŜ ŀƴŘ ŀƳƻƴƎ 
Ƙŀōƛǘŀǘǎ ƻŦ ǇƻǘŜƴǘƛŀƭ ƳŀƴŀƎŜƳŜƴǘ ƛƴǘŜǊŜǎǘΣ ƛǎ ǿŜƭƭ ǊŜŎƻƎƴƛȊŜŘ ōƻǘƘ ōȅ bh!! ŀƴŘ ƻǘƘŜǊ ŦŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ 
ό{ƻǳǘƘŀƭƭ Ŝǘ ŀƭΦΣ нллфύΦ {ƻƳŜ ǇƭŀŎŜǎΣ ǎǳŎƘ ŀǎ {ǘŜƭƭǿŀƎŜƴ .ŀƴƪ bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊȅ ŀƴŘ ǘƘŜ 
ƴƻǊǘƘŜŀǎǘ ǊŜƎƛƻƴ ƛƴ ƎŜƴŜǊŀƭΣ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ƭƻƴƎŜǊ-ǘŜǊƳ ŀƴŘ ƘƛƎƘŜǊ-ǊŜǎƻƭǳǘƛƻƴ ƳƻƴƛǘƻǊƛƴƎ ŜŦŦƻǊǘǎ ŀǎ ŀ 
ǊŜǎǳƭǘ ƻŦ ŜǎǘŀōƭƛǎƘŜŘ ŎƻƭƭŀōƻǊŀǘƛƻƴǎ ōŜǘǿŜŜƴ bh!! ǎŎƛŜƴǘƛǎǘǎ ŀƴŘ ƴƻƴ-ŦŜŘŜǊŀƭ ǇŀǊǘƴŜǊǎΣ ǊŜƭȅƛƴƎ ƻƴ 
ǎǳōǎǘŀƴǘƛŀƭ ŦǳƴŘƛƴƎ ŦǊƻƳ ƻǘƘŜǊ ŦŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ό±ŀƴ tŀǊƛƧǎ Ŝǘ ŀƭΦΣ нлмрōύΦ [ƻƴƎŜǊ-ǘŜǊƳ ǊŜŎƻǊŘƛƴƎǎ ƘŀǾŜ 
ŀƭǎƻ ōŜŜƴ ŦǳƴŘŜŘ ōȅ ƴƻƴ-bh!! ŦŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳƻƴƛǘƻǊƛƴƎ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ŜǎǘŀōƭƛǎƘŜŘ 
ƴƻƛǎŜ-ǇǊƻŘǳŎƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ bh!! όŜΦƎΦΣ ƻŦŦ {ƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀ ŀƴŘ 
bƻǊǘƘ /ŀǊƻƭƛƴŀ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳƛƭƛǘŀǊȅ ǘǊŀƛƴƛƴƎ ǊŀƴƎŜǎ ŀƴŘ ƛƴ ǘƘŜ !ƭŀǎƪŀƴ !ǊŎǘƛŎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƻƛƭ ŀƴŘ 
Ǝŀǎ ŜȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ŜȄǘǊŀŎǘƛƻƴύΦ bh!! ƛǎ ǿƻǊƪƛƴƎ ǿƛǘƘ ǘƘŜǎŜ ǇŀǊǘƴŜǊǎ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǎǳŎƘ Řŀǘŀ ŀǎǎŜǘǎ Ŏŀƴ 
ǎǳǇǇƻǊǘ ŀǎǎŜǎǎƳŜƴǘǎ ƻŦ ōƻǘƘ ōŀǎŜƭƛƴŜ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ŀƴŘ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜƛǊ ǎǘŀǘǳǎ ǘƘǊƻǳƎƘ 
ǘƛƳŜΦ 5ŜǎǇƛǘŜ ŜŦŦƻǊǘǎ ǘƻ ƛƳǇǊƻǾŜ ŀƴŘ ƛƴŎǊŜŀǎŜ ǎǘŀƴŘŀǊŘƛȊŜŘ ǇŀǎǎƛǾŜ ŀŎƻǳǎǘƛŎ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΣ bh!! 
Ŏŀƴƴƻǘ ƭƛǎǘŜƴ ǘƻ ŀƭƭ ǘƘŜ ǇƭŀŎŜǎ ƛƴ ƛǘǎ ƳŀƴŀƎŜƳŜƴǘ ŎƘŀǊƎŜ ŀƭƭ ǘƘŜ ǘƛƳŜΦ {ƻǳƴŘ-ŦƛŜƭŘ ƳƻŘŜƭƛƴƎ ǇǊƻǾƛŘŜǎ 
ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ŎƻƴŘƛǘƛƻƴǎ ƛƴ ǇƭŀŎŜǎ ǿƛǘƘ ƴƻ ƻǊ ƭƛƳƛǘŜŘ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ŀƴŘ 
ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ŎƻƴǎŜǉǳŜƴŎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǘȅǇŜǎΣ ŘƛǎǘǊƛōǳǘƛƻƴǎ ŀƴŘ ŘŜƴǎƛǘƛŜǎ 
ƻŦ ƴƻƛǎŜ-ǇǊƻŘǳŎƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ƻǾŜǊ ǘƛƳŜΦ bh!! Ƙŀǎ ƛƴǾŜǎǘŜŘ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǳŎƘ ƳƻŘŜƭƛƴƎ 
ŀǇǇǊƻŀŎƘŜǎ ǿƛǘƘƛƴ ¦Φ{Φ ǿŀǘŜǊǎ ŀǘ ǾŀǊƛƻǳǎ ǊŜǎƻƭǳǘƛƻƴǎ ŀƴŘ ǎŎŀƭŜǎ όƘǘǘǇΥκκŎŜǘǎƻǳƴŘΦƴƻŀŀΦƎƻǾΤ CƛƎǳǊŜ н-нύΦ 
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CƛƎǳǊŜ н-нΦ tǊŜŘƛŎǘŜŘ ƭƻǿ ŦǊŜǉǳŜƴŎȅ όƻƴŜ-ǘƘƛǊŘ ƻŎǘŀǾŜ ŎŜƴǘŜǊŜŘ ŀǘ млл IȊύ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ƴƻƛǎŜ ƭŜǾŜƭǎ 
όŜǉǳƛǾŀƭŜƴǘΣ ǳƴǿŜƛƎƘǘŜŘ ǎƻǳƴŘ ǇǊŜǎǎǳǊŜ ƭŜǾŜƭ ƛƴ ŘŜŎƛōŜƭǎ ǊŜ м ҡ tŀύ ŀǘ ол Ƴ ŘŜǇǘƘΣ ǎǳƳƳƛƴƎ ŎƻƴǘǊƛōǳǘƛƻƴǎ 
ŦǊƻƳ ŀ ǾŀǊƛŜǘȅ ƻŦ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ όǎŜŜ ƘǘǘǇΥκκŎŜǘǎƻǳƴŘΦƴƻŀŀΦƎƻǾκǎƻǳƴŘψŘŀǘŀύ ǿƛǘƘƛƴ ǘƘŜ ¦{ 9ȄŎƭǳǎƛǾŜ 
9ŎƻƴƻƳƛŎ ½ƻƴŜ όōǊƻǿƴ ƭƛƴŜǎύΦ 

 
!ǎ bh!! ƭƻƻƪǎ ǘƻ ƛƴǘŜƎǊŀǘŜ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ǇǊƻǘŜŎǘƛƻƴ ǿƛǘƘƛƴ ƛǘǎ ǎŎƛŜƴŎŜ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎΣ ƛǘ ƛǎ 
ƘŜƭǇŦǳƭ ǘƻ ŜȄŀƳƛƴŜ ǿƘƛŎƘ ǘƻƻƭǎ ŘŜǾŜƭƻǇŜŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ŀƎŜƴŎȅΩǎ ǘǊŀŘƛǘƛƻƴŀƭΣ ǎǇŜŎƛŜǎ-ōŀǎŜŘ ƴƻƛǎŜ 
ƛƳǇŀŎǘ ŜǾŀƭǳŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎ Ŏŀƴ ōŜ ƭŜǾŜǊŀƎŜŘ ǘƻ ƛƴŦƻǊƳ ōǊƻŀŘŜǊ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ƛƳǇŀŎǘǎ ǘƻ ŀŎƻǳǎǘƛŎ 
ƘŀōƛǘŀǘǎΦ bƻƛǎŜ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘǎΣ ǿƘŜǘƘŜǊ ŀŘŘǊŜǎǎƛƴƎ ŘƛǊŜŎǘ ŜŦŦŜŎǘǎ ǘƻ ƛƴŘƛǾƛŘǳŀƭ ŀƴƛƳŀƭǎ ƻǊ ŘŜƎǊŀŘŜŘ 
ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘΣ ǎƘŀǊŜ ōŀǎƛŎ ǎŎƛŜƴŎŜ ƴŜŜŘǎΦ /ƘƛŜŦ ŀƳƻƴƎ ǘƘŜƳ ŀǊŜ ǘƻ ƛŘŜƴǘƛŦȅΥ όмύ ǿƘƛŎƘ ǎǇŜŎƛŜǎ ǳǎŜ ƻǊ 
ƳŀƪŜ ǎƻǳƴŘ όƛƴŎƭǳŘƛƴƎ ƘŜŀǊƛƴƎΣ ǎƻǳƴŘ ǇǊƻŘǳŎǘƛƻƴΣ ŀƴŘ ǎŜƴǎƛǘƛǾƛǘȅύΤ όнύ ǘƘŜ ǊƻƭŜ ƻŦ ǎƻǳƴŘ ƛƴ ǘƘŜƛǊ ƭƛŦŜ 
ƘƛǎǘƻǊƛŜǎ όŀŎƻǳǎǘƛŎ ŜŎƻƭƻƎȅ ŀƴŘ ōŜƘŀǾƛƻǊύΤ ŀƴŘ όоύ Ƙƻǿ ǘƘŜȅ ǳǎŜ ǘƘŜƛǊ ŜƴǾƛǊƻƴƳŜƴǘǎ όƛƴŎƭǳŘƛƴƎ ǘƘŜƛǊ 
ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ Ƙŀōƛǘŀǘǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ōƛƻƭƻƎƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ŀŎǘƛǾƛǘƛŜǎΣ ǎǳŎƘ ŀǎ ǊŜǇǊƻŘǳŎǘƛƻƴ ŀƴŘ 
ŦŜŜŘƛƴƎύΦ IƻǿŜǾŜǊΣ bh!!Ωǎ ƘƛǎǘƻǊƛŎŀƭ ŦƻŎǳǎ ƻƴ ǘƛǎǎǳŜ ŘŀƳŀƎŜ ŀƴŘ ōŜƘŀǾƛƻǊŀƭ ǊŜǎǇƻƴǎŜ Ƙŀǎ 
ǳƴŘŜǊŜƳǇƘŀǎƛȊŜŘ ŀŘŘƛǘƛƻƴŀƭ ǎŎƛŜƴŎŜ ƴŜŜŘǎ ǘƘŀǘ ǿƻǳƭŘ ƛƴŦƻǊƳ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 
ŀƴǘƘǊƻǇƻƎŜƴƛŎŀƭƭȅ-ŀƭǘŜǊŜŘ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƳƻǊŜ ǊŜǎŜŀǊŎƘ ƛǎ ƴŜŜŘŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ 
ǾŀǊƛŀǘƛƻƴ ƛƴ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻǊ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ƛƴǘǊŀǎǇŜŎƛŦƛŎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎƛƎƴŀƭǎ ƛƴ ƴŀǘǳǊŀƭ ŀǊŜŀǎ ǿƛǘƘ 
ŘƛŦŦŜǊŜƴǘ ōŀŎƪƎǊƻǳƴŘ ƴƻƛǎŜ ŎƻƴŘƛǘƛƻƴǎΦ [ƛƪŜǿƛǎŜΣ ƳƻǊŜ ǊŜǎŜŀǊŎƘ ƛǎ ƴŜŜŘŜŘ ǘƻ ōŜǘǘŜǊ ŘƻŎǳƳŜƴǘ ǘƘŜ 
ǉǳƛŜǘŜǎǘ ǎƛƎƴŀƭǎ ǘƘŀǘ ŀƴƛƳŀƭǎ Ŏŀƴ όŀƴŘ Řƻύ ǇŜǊŎŜƛǾŜ ƛƴ ǘƘŜ ǿƛƭŘΦ wŜŎŜƴǘ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ 
ƻŦ ƳƻŘŜƭǎ ǘƻ ƛƴǘŜǊǇǊŜǘ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ōŜƘŀǾƛƻǊŀƭ ǊŜǎǇƻƴǎŜǎ ǘƻ ƴƻƛǎŜ όŜΦƎΦΣ tƻǇǳƭŀǘƛƻƴ 
/ƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 5ƛǎǘǳǊōŀƴŎŜΤ {aw¦ /ƻƴǎǳƭǘƛƴƎ нлмрύ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻΣ ōǳǘ ƘŀǾŜ ȅŜǘ ǘƻΣ ŀŘŘǊŜǎǎ 
ǘƘŜ ƭƻƴƎ-ǘŜǊƳ ŜŦŦŜŎǘǎ ƻƴ ǘƘŜ Ǿƛŀōƛƭƛǘȅ ƻŦ ǇƻǇǳƭŀǘƛƻƴǎ ǿƘŜƴ ƛƴŘƛǾƛŘǳŀƭǎ ŀǊŜ ƭŜǎǎ ŀōƭŜ ǘƻ ƘŜŀǊ ŎƻƴǎǇŜŎƛŦƛŎǎΣ 
ǇǊŜȅΣ ǇǊŜŘŀǘƻǊǎΣ ƻǊ ƪŜȅ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀǿŀǊŜƴŜǎǎ ŎǳŜǎΦ ¢ƘŜǊŜ ƛǎ ŀ ŎƭŜŀǊ ƴŜŜŘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǎǳŎƘ 
ƳƻŘŜƭƛƴƎ Ŏŀƴ ŀŘŘǊŜǎǎ Řŀǘŀ-ǇƻƻǊ ŀǎ ǿŜƭƭ ŀǎ Řŀǘŀ-ǊƛŎƘ ƳŀƴŀƎŜƳŜƴǘ ŎƻƴǘŜȄǘǎΦ ¢ƻƻƭǎ ǘƘŀǘ ŀǊŜ ōŜƛƴƎ ŀŘŀǇǘŜŘ 
ǘƻ ƛƳǇƭŜƳŜƴǘ ŜŎƻǎȅǎǘŜƳ-ōŀǎŜŘ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŦƛǎƘŜǊƛŜǎ όŜΦƎΦΣ tǊƻŘǳŎǘƛǾƛǘȅ-{ǳǎŎŜǇǘƛōƛƭƛǘȅ !ƴŀƭȅǎŜǎΤ CƻƻŘ 
ŀƴŘ !ƎǊƛŎǳƭǘǳǊŜ hǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ нлмрύ ŀƭƭƻǿ ŦƻǊ ǊŀǇƛŘ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ǿƘŜƴ ŦŀŎŜŘ 
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ǿƛǘƘ ǳƴŎŜǊǘŀƛƴǘȅ ǊŜƎŀǊŘƛƴƎ ŜŎƻƭƻƎƛŎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŀǎ ǿŜƭƭ ŀǎ ǇƻǇǳƭŀǘƛƻƴ ŘŜƳƻƎǊŀǇƘƛŎǎΦ {ǳŎƘ ǘŜŎƘƴƛǉǳŜǎ 
ŎƻǳƭŘ ƎŜƴŜǊŀǘŜ ŜǎǘƛƳŀǘŜǎ ƻŦ Ǌƛǎƪ ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ ǇƻǇǳƭŀǘƛƻƴǎ ŀƴŘ ŜŎƻǎȅǎǘŜƳǎ ŘǳŜ ǘƻ ƴƻƛǎŜ-ŀƭǘŜǊŜŘ Ƙŀōƛǘŀǘ 
ƻǊ ŘƛǎǇƭŀŎŜƳŜƴǘ ŦǊƻƳ Ƙŀōƛǘŀǘ ŘǳŜ ǘƻ ƴƻƛǎŜΣ ŀƴŘ ŎƻǳƭŘ ƛƴǘŜƎǊŀǘŜ Ǌƛǎƪ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳǳƭǘƛǇƭŜ ǘƘǊŜŀǘ 
ǘȅǇŜǎΦ 
 
tƭŀŎŜ-ōŀǎŜŘ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘǎ ŀǊŜ ŀ ǇŀǊǘƛŎǳƭŀǊƭȅ ǳǎŜŦǳƭ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ƛƴǘŜƎǊŀǘƛƴƎ ƳǳƭǘƛǇƭŜ Řŀǘŀ ǊŜǎƻǳǊŎŜǎ 
ƛƴ ƻǊŘŜǊ ǘƻ ƛƴŦƻǊƳ ŀƎŜƴŎȅ ŘŜŎƛǎƛƻƴ-ƳŀƪƛƴƎΦ /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴǎ ƻŦ ǘƘŜ Ŏƻ-ƻŎŎǳǊǊŜƴŎŜ ƻŦ ƘƛƎƘ-ǾŀƭǳŜ ǘŀǊƎŜǘ 
ǎǇŜŎƛŜǎΣ ƘƛƎƘ-ǾŀƭǳŜ ǘŀǊƎŜǘ ǇƭŀŎŜǎΣ ŀƴŘ ǇǊŜŘƛŎǘŜŘ ŀƴŘ ƳŜŀǎǳǊŜŘ ƴƻƛǎŜ ƭŜǾŜƭǎ Ŏŀƴ ƛƴŦƻǊƳ ŀƎŜƴŎȅ ŀŎǘƛƻƴǎ ŀǘ 
ǎŜǾŜǊŀƭ ǎŎŀƭŜǎ ό9ǊōŜ Ŝǘ ŀƭΦΣ нлмпΣ wŜŘŦŜǊƴ Ŝǘ ŀƭΦΣ ǎǳōƳƛǘǘŜŘύΦ Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ŎǳǊǊŜƴǘ ǇŀǎǎƛǾŜ ŀŎƻǳǎǘƛŎ 
ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ƴƻƛǎŜ ƳƻŘŜƭƛƴƎ ŎŀǇŀŎƛǘȅ Ƴŀȅ ōŜ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ǎǳǇǇƻǊǘ bh!!Ωǎ ŀǎǎƛƎƴƛƴƎ ƘƛƎƘ Ǌƛǎƪ ǘƻ ŀ 
ƘƛƎƘ-ǾŀƭǳŜ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ǘƘŀǘ ƛǎ ŎǳǊǊŜƴǘƭȅ ǉǳƛŜǘ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ ŀǊŜŀǎΣ ŀƴŘ ǿƘŜǊŜ ŀŎǘƛƻƴ ƛǎ 
ƴŜŎŜǎǎŀǊȅ ǘƻ Ƴŀƛƴǘŀƛƴ ƭƻǿŜǊ ƴƻƛǎŜ ƭŜǾŜƭǎΦ Lƴ ƻǘƘŜǊ ŎŀǎŜǎΣ ƘƛƎƘ Ǌƛǎƪ Ƴŀȅ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀ ƘƛƎƘ-ǾŀƭǳŜ 
Ƙŀōƛǘŀǘ ǘƘŀǘ ƛǎ ŎǳǊǊŜƴǘƭȅ ǊŜƭŀǘƛǾŜƭȅ ƭƻǳŘ ŀƴŘ ǿƘŜǊŜ ŀŎǘƛƻƴ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ǊŜŘǳŎŜ ƴƻƛǎŜ ƭŜǾŜƭǎΦ DƛǾŜƴ ǘƘŜ 
ǎǘŀǘǳǎ ƻŦ ǎǘŀƴŘŀǊŘƛȊŜŘ ƭƻƴƎ-ǘŜǊƳ ǇŀǎǎƛǾŜ ŀŎƻǳǎǘƛŎ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ƴƻƛǎŜ ƳƻŘŜƭƛƴƎ ŎŀǇŀŎƛǘȅ ƛƴ ¦Φ{Φ ǿŀǘŜǊǎ 
ǘƻŘŀȅΣ ƘƻǿŜǾŜǊΣ ŀǾŀƛƭŀōƭŜ Řŀǘŀ Ƴŀȅ ƻǊ Ƴŀȅ ƴƻǘ ōŜ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ǎǳǇǇƻǊǘ ƳƛǘƛƎŀǘƛƻƴ ŘŜǎƛƎƴ όƛΦŜΦΣ 
ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŘƻƳƛƴŀƴǘ ƴƻƛǎŜ ŎƻƴǘǊƛōǳǘƛƻƴǎ ŀǘ ǾŀǊƛƻǳǎ ǎǇŀǘƛŀƭΣ ǘŜƳǇƻǊŀƭ ŀƴŘ ǎǇŜŎǘǊŀƭ ǎŎŀƭŜǎύΦ bh!!Ωǎ 
ŀŎǘƛƻƴǎ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ǇǊƻǘŜŎǘƛƻƴ ŦƻǊ ƘƛƎƘ-Ǌƛǎƪ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ǿƛƭƭ ǘƘŜǊŜŦƻǊŜ ƴŜŜŘ ǘƻ ōŜ ŀŘŀǇǘƛǾŜΣ 
Ŏƻƴǘƛƴǳŀƭƭȅ ƛƳǇǊƻǾƛƴƎ ōƻǘƘ ǘƘŜ ŘŜǎƛƎƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŜŦŦŜŎǘƛǾŜ ƳƛǘƛƎŀǘƛƻƴΦ 
 
bh!!Ωǎ ¢ƻƻƭǎ ŦƻǊ aŀƴŀƎƛƴƎ !ŎƻǳǎǘƛŎ Iŀōƛǘŀǘ 
IƛǎǘƻǊƛŎŀƭƭȅΣ bh!! Ƙŀǎ ƳŀƴŀƎŜŘ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ƴƻƛǎŜ ƻƴ ƛǘǎ ǘǊǳǎǘ ǊŜǎƻǳǊŎŜǎ ōȅ ǳǎƛƴƎ ƭŜƎŀƭ ŦǊŀƳŜǿƻǊƪǎ 
ŘŜǎƛƎƴŜŘ ǘƻ ǇǊƻǘŜŎǘ ǘŀǊƎŜǘ ǇƻǇǳƭŀǘƛƻƴǎ ŀƴŘ ǎǇŜŎƛŜǎΦ ¢ƘŜǎŜ ǇƻǇǳƭŀǘƛƻƴǎ ŀƴŘ ǎǇŜŎƛŜǎ ŀǊŜ ǘƘƻǎŜ ǘƘŀǘ ǎƻŎƛŜǘȅ 
Ƙŀǎ ŘŜǘŜǊƳƛƴŜŘ ƴŜŜŘ ǎǇŜŎƛŀƭ ŎŀǊŜΣ ƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ ǘƘŀǘ ŀǊŜ ŜƴŘŀƴƎŜǊŜŘ ƻǊ ǘƘǊŜŀǘŜƴŜŘΣ ŀƴŘ ǘƘƻǎŜ ǘƘŀǘ 
ŀǊŜ ƻŦ ǇŀǊǘƛŎǳƭŀǊ ŜŎƻƭƻƎƛŎŀƭΣ ŎǳƭǘǳǊŀƭ ƻǊ ŜŎƻƴƻƳƛŎ ƛƴǘŜǊŜǎǘΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ƳŀǊƛƴŜ ƳŀƳƳŀƭǎΦ ¢ƘŜ 
9ƴŘŀƴƎŜǊŜŘ {ǇŜŎƛŜǎ !Ŏǘ ό9{! мфтоύ ŀƴŘ ǘƘŜ aŀǊƛƴŜ aŀƳƳŀƭ tǊƻǘŜŎǘƛƻƴ !Ŏǘ όaat! мфтнύ ŀǊŜ ǘƘŜ 
ǇǊƛƳŀǊȅ ǎǘŀǘǳǘŜǎ ōȅ ǿƘƛŎƘ bh!! ǊŜǉǳƛǊŜǎ ƳƛǘƛƎŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ŀŎǘƛƻƴ ŘŜǎƛƎƴŜŘ ǘƻ ǊŜŘǳŎŜ 
ƻǊ ŜƭƛƳƛƴŀǘŜ ŀƴŘ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƳǇŀŎǘǎ ǘƘŀǘ ǎǇŜŎƛŦƛŎ ǘȅǇŜǎ ƻŦ ƴƻƛǎŜ ƘŀǾŜ ƻƴ ǘƘƛǎ ƭƛƳƛǘŜŘ ǎǳƛǘŜ ƻŦ 
ǎǇŜŎƛŜǎΦ ¦ƴŘŜǊ ǘƘŜǎŜ ǎǘŀǘǳǘŜǎΣ ƳŀƴŀƎŜƳŜƴǘ ŀŎǘƛƻƴ Ƙŀǎ ŦƻŎǳǎŜŘ ƻƴ ǊŜŘǳŎƛƴƎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǊŜƭŀǘƛǾŜƭȅ 
ƭƻǳŘ ƴƻƛǎŜ ǎƻǳǊŎŜǎ όŜΦƎΦΣ ŀƛǊƎǳƴǎΣ ǎƻƴŀǊǎΣ ǇƛƭŜ ŘǊƛǾŜǊǎύ ǘƻ ǳƴŀƳōƛƎǳƻǳǎƭȅ ƛƴƧǳǊŜ ŀƴƛƳŀƭǎ ƻǊ ŎŀǳǎŜ ǘƘŜƳ ǘƻ 
ǊŜǎǇƻƴŘ ōŜƘŀǾƛƻǊŀƭƭȅ ƻǾŜǊ όǳǎǳŀƭƭȅύ ǊŜƭŀǘƛǾŜƭȅ ǎƳŀƭƭ ǎǇŀǘƛŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǎŎŀƭŜǎΦ ¢Ƙƛǎ ǘǊŀŘƛǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘ 
Ƙŀǎ ǇƭŀȅŜŘ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ŦǳƭŦƛƭƭƛƴƎ bh!!Ωǎ ǎǘŜǿŀǊŘǎƘƛǇ ƳŀƴŘŀǘŜǎ ōȅ ǇǊŜǾŜƴǘƛƴƎ ƻǊ ƳƛƴƛƳƛȊƛƴƎ 
ŀŎǳǘŜ ƘŀǊƳ ǘƻ ƛƴŘƛǾƛŘǳŀƭ ŀƴƛƳŀƭǎΦ 
 
¢ƘŜ ¦Φ{Φ bŀǘƛƻƴŀƭ hŎŜŀƴ tƻƭƛŎȅ ό¦Φ{Φ bhtΤ Executive Order 13547 2010ύΣ ƘƻǿŜǾŜǊΣ ŦƛǊƳƭȅ ŘƛǊŜŎǘǎ ŦŜŘŜǊŀƭ 
ŀƎŜƴŎƛŜǎ ǘƻ ƛƳǇƭŜƳŜƴǘ ŜŎƻǎȅǎǘŜƳ-ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƳŀƴŀƎŜƳŜƴǘΦ  CǳƴŘŀƳŜƴǘŀƭƭȅ ǇƭŀŎŜ-ōŀǎŜŘΣ 
ǘƘŜǎŜ ƳŀƴŀƎŜƳŜƴǘ ŜŦŦƻǊǘǎ ǎŜŜƪ ǘƻ ŎƻƴǎŜǊǾŜ ŦǳƴŎǘƛƻƴƛƴƎ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ǘƘŜ ǎŜǊǾƛŎŜǎ ǘƘŜȅ ǇǊƻǾƛŘŜΦ 
9ŎƻǎȅǎǘŜƳ-ōŀǎŜŘ ƳŀƴŀƎŜƳŜƴǘ ŀǇǇǊƻŀŎƘŜǎ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƴŀǘǳǊŀƭ Ƙŀōƛǘŀǘǎ ŀƴŘ ǇŀǊŀƭƭŜƭ 
ŀŘŘƛǘƛƻƴŀƭ ŜŦŦƻǊǘǎ ǿƛǘƘƛƴ bh!! ǘƻ ŦƻŎǳǎ ǘƘŜ ŀƎŜƴŎȅΩǎ Ƴŀƴȅ ƳŀƴŘŀǘŜǎ ǘƻ ǇǊƻǘŜŎǘ ŀƴŘ ǊŜǎǘƻǊŜ ƘŀōƛǘŀǘǎΦ 
LƴƘŜǊŜƴǘ ƛƴ ǘƘŜǎŜ ǇƻƭƛŎȅ ŘƛǊŜŎǘƛǾŜǎ ƛǎ ǘƘŜ ƴŜŜŘ ŦƻǊ bh!! ǘƻ ōŜƎƛƴ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ǿƛŘŜǎǇǊŜŀŘ ŘŜƎǊŀŘŀǘƛƻƴ 
ƻŦ ƴŀǘǳǊŀƭ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ŦƻǊ ŀ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ ŀŎƻǳǎǘƛŎŀƭƭȅ-ǎŜƴǎƛǘƛǾŜ ǎǇŜŎƛŜǎ ŘǳŜ ǘƻ ƛƴŎǊŜŀǎƛƴƎ ƴƻƛǎŜ 
ŦǊƻƳ ŀŎŎǳƳǳƭŀǘŜŘ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ǎƻǳǊŎŜǎΦ  
 
¢ƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ bh!!Ωǎ ƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŦƻŎǳǎ ƻƴ ǎǇŜŎƛŦƛŎ Ƙŀōƛǘŀǘǎ ǊŀƴƎŜǎ ǿƛŘŜƭȅΦ  
aŀƴȅΣ ōǳǘ ƴƻǘ ŀƭƭΣ ŀǊŜŀǎ ƳŀƴŀƎŜŘ ƻǊ Ŏƻ-ƳŀƴŀƎŜŘ ōȅ bh!! ƳŜŜǘ ǘƘŜ ƴŀǘƛƻƴŀƭ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ ƳŀǊƛƴŜ 
ǇǊƻǘŜŎǘŜŘ ŀǊŜŀ όat!ύΦ  Lƴ ǘƘŜ ¦Φ{ΦΣ ŀƴ at! ƛǎ ōǊƻŀŘƭȅ ŘŜŦƛƴŜŘ ŀǎ άŀƴ ŀǊŜŀ ƻŦ ǘƘŜ ƳŀǊƛƴŜ ŜƴǾƛǊƻƴƳŜƴǘ ǘƘŀǘ 
Ƙŀǎ ōŜŜƴ ǊŜǎŜǊǾŜŘ ōȅ ŦŜŘŜǊŀƭΣ ǎǘŀǘŜΣ ǘŜǊǊƛǘƻǊƛŀƭΣ ǘǊƛōŀƭΣ ƻǊ ƭƻŎŀƭ ƭŀǿǎ ƻǊ ǊŜƎǳƭŀǘƛƻƴǎ ǘƻ ǇǊƻǾƛŘŜ ƭŀǎǘƛƴƎ 
ǇǊƻǘŜŎǘƛƻƴ ŦƻǊ ǇŀǊǘ ƻǊ ŀƭƭ ƻŦ ǘƘŜ ƴŀǘǳǊŀƭ ŀƴŘ ŎǳƭǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ǘƘŜǊŜƛƴέ ό9ȄŜŎǳǘƛǾŜ hǊŘŜǊ момру нлллΣ 
Section 2(a)ύΦ /ƻǾŜǊƛƴƎ ƻǾŜǊ ƘŀƭŦ ǘƘŜ ǘƻǘŀƭ ŀǊŜŀ ƻŦ ǘƘŜ ¦Φ{Φ 9ȄŎƭǳǎƛǾŜ 9ŎƻƴƻƳƛŎ ½ƻƴŜ ό99½ύ ŀƴŘ ƻŎŎǳǇȅƛƴƎ 
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Ƴƻǎǘ Ƙŀōƛǘŀǘ ǘȅǇŜǎ ό¢ŀōƭŜ н-мύΣ ¦Φ{Φ at!ǎ ƘŀǾŜ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ōȅ ŀ ǾŀǊƛŜǘȅ ƻŦ ŦŜŘŜǊŀƭΣ ǎǘŀǘŜΣ ŀƴŘ ǘǊƛōŀƭ 
ŀƎŜƴŎƛŜǎ ǘƻ ǇǊƻǘŜŎǘ ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ ǎǇŜŎƛŜǎ όŜΦƎΦΣ ƳŀƳƳŀƭǎΣ ŦƛǎƘΣ ƛƴǾŜǊǘŜōǊŀǘŜǎΣ ŀƴŘ ǇƭŀƴǘǎύΣ ŎǳƭǘǳǊŀƭ 
ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳ ŦŜŀǘǳǊŜǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎΦ at!ǎ ƛƴ ǘƘŜ ¦Φ{Φ ŀƭǎƻ ǾŀǊȅ ǿƛŘŜƭȅ ƛƴ ǘƘŜƛǊ 
ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǳǊǇƻǎŜǎΣ ŀƴŘ ƛƴ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ƭŜǾŜƭΣ ǎŎŀƭŜ ŀƴŘ ǇŜǊƳŀƴŜƴŎŜ ƻŦ ǇǊƻǘŜŎǘƛƻƴ ŀŦŦƻǊŘŜŘ ǘƘŜ 
ǊŜǎƻǳǊŎŜǎ ǘƘŜȅ ǇǊƻǘŜŎǘ ό¢ŀōƭŜ н-мΣ ŎŀǘŜƎƻǊƛŜǎ ŘƛǎŎǳǎǎŜŘ ƛƴ bŀǘƛƻƴŀƭ aŀǊƛƴŜ tǊƻǘŜŎǘŜŘ !ǊŜŀǎ /ŜƴǘŜǊ нлммύΦ 
bh!! ƳŀƴŀƎŜǎ ƻǊ Ŏƻ-ƳŀƴŀƎŜǎ ƻƴƭȅ мо҈ ƻŦ at!ǎ ǿƛǘƘƛƴ ¦Φ{Φ ǿŀǘŜǊǎΦ IƻǿŜǾŜǊΣ ǘƘŜǎŜ мо҈ ǊŜǇǊŜǎŜƴǘ фф҈ 
ƻŦ ǘƘŜ ǘƻǘŀƭ ŀǊŜŀ ŎƻƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ¦Φ{Φ at!ǎΦ ¢Ƙƛǎ ƛǎ ŘǳŜ Ƴŀƛƴƭȅ ǘƻ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ Ƴŀƴȅ ƭŀǊƎŜ 
{ǳǎǘŀƛƴŀōƭŜ tǊƻŘǳŎǘƛƻƴ ŦƛǎƘŜǊȅ at!ǎΣ ŀ ŦŜǿ ƭŀǊƎŜ ƳŀǊƛƴŜ ƳŀƳƳŀƭ at!ǎ ƻƴ ǘƘŜ 9ŀǎǘ /ƻŀǎǘ ŀƴŘ п ƭŀǊƎŜ 
aŀǊƛƴŜ bŀǘƛƻƴŀƭ aƻƴǳƳŜƴǘǎ ƛƴ ǘƘŜ tŀŎƛŦƛŎΦ ²ƘƛƭŜ ǘǿƻ-ǘƘƛǊŘǎ ƻŦ ¦Φ{Φ at!ǎ ƘŀǾŜ ŀ ōǊƻŀŘ ŜŎƻǎȅǎǘŜƳǎ 
ŎƻƴǎŜǊǾŀǘƛƻƴ ŦƻŎǳǎΣ ǘǿƻ-ǘƘƛǊŘǎ ƻŦ bh!! at!ǎ ŦƻŎǳǎ ƻƴ ǘƘŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻŦ ǎǇŜŎƛŦƛŎ ŦƻŎŀƭ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜ 
ǊŜƳŀƛƴƛƴƎ ƻƴŜ-ǘƘƛǊŘ ƻŦ bh!! at!ǎΣ ƛƴŎƭǳŘƛƴƎ ŦƛŦǘŜŜƴ ǎƛǘŜǎ ƳŀƴŀƎŜŘ ōȅ ǘƘŜ hŦŦƛŎŜ ƻŦ bŀǘƛƻƴŀƭ aŀǊƛƴŜ 
{ŀƴŎǘǳŀǊƛŜǎΣ ŦƻŎǳǎ ƻƴ ŎƻƳǇǊŜƘŜƴǎƛǾŜƭȅ ǇǊƻǘŜŎǘƛƴƎ ƳŀǊƛƴŜ ŜŎƻǎȅǎǘŜƳǎΦ wŜƎŀǊŘƭŜǎǎΣ ŀǎ ǘƘŜ Ƴŀƛƴ ŦŜŘŜǊŀƭ 
ƳŀƴŀƎŜǊǎ ƻŦ ƭŀǊƎŜΣ ƻŦŦǎƘƻǊŜ at!ǎΣ bh!! Ǉƭŀȅǎ ŀ ƪŜȅ ǊƻƭŜ ƛƴ ǎƘŀǇƛƴƎ ŀƴŘ ŜȄŜŎǳǘƛƴƎ ¦Φ{Φ ƳŀǊƛƴŜ ǎǇŀǘƛŀƭ 
ǇǊƻǘŜŎǘƛƻƴΦ     
 
¢ŀōƭŜ н-мΦ tǊŜǾŀƭŜƴŎŜ ŀƴŘ ŘƛǾŜǊǎƛǘȅ ƻŦ ƳŀƴŀƎŜƳŜƴǘ ŀǇǇǊƻŀŎƘŜǎ ŦƻǊ ŀƭƭ ŜȄƛǎǘƛƴƎ aŀǊƛƴŜ tǊƻǘŜŎǘŜŘ !ǊŜŀǎ όat!ǎύ ƛƴ 
¦Φ{Φ 9ȄŎƭǳǎƛǾŜ 9ŎƻƴƻƳƛŎ ½ƻƴŜ ό99½ύ ǿŀǘŜǊǎΣ ŀǎ ǿŜƭƭ ŀǎ bŀǘƛƻƴŀƭ hŎŜŀƴƻƎǊŀǇƘƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ 

όbh!!ύ-ƳŀƴŀƎŜŘ ƻǊ Ŏƻ-ƳŀƴŀƎŜŘ ŀǊŜŀǎΦ 

  All U.S. MPAs NOAA MPAs 

   Number  Percent  Number  Percent 

MPA Area Coverage in U.S. EEZ 

Number of MPAs in U.S. EEZ 1,774 -- 227 13% 

U.S. EEZ area covered by MPAs  6.85M km2  55% 6.78M km2 99% 

Primary Conservation Focus of U.S. MPAs (#'s of sites) 

Natural Heritage 1,179 67% 80 35% 

Sustainable Production 442 25% 145 64% 

Cultural Heritage 153 9% 2 1% 

Level of Protection of U.S. MPAs (#'s of sites) 

Uniform Multiple Use 1,402 79% 187 82% 

Zoned Multiple Use 111 6% 21 9% 

Zoned w/ No Take 35 2% 6 3% 

No Take 127 7% 13 6% 

No Impact 16 1% 0 0% 

No Access 83 5% 0 0% 

Ecological Scale of Protection (#'s of sites) 

Focal Resource 674 38% 164 72% 

Ecosystem Scale 1,100 62% 63 28% 

MPAs Managed by NOAA Line Office (#'s of sites) 

NOAA Fisheries 182 10% 182 80% 

National Ocean Service 45 3% 45 20% 

 
 



CHAPTER 2  OCEAN NOISE STRATEGY ROADMAP 
 

34 
 

! ŦǳƭƭŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ Ƙƻǿ ŀƴŘ ǿƘŜǊŜ bh!!Ωǎ ŜȄƛǎǘƛƴƎ ǎǇŀǘƛŀƭ ƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ 
ǎǳǎǘŀƛƴ ǾƛŀōƭŜ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ǿƛƭƭ ƘŜƭǇ ǘƘŜ ŀƎŜƴŎȅ ƳŜŜǘ ŀƴŘ ŀŘŀǇǘ ǘƻ ǘƘŜ ƎǊƻǿƛƴƎ ǘƘǊŜŀǘ ƻŎŜŀƴ ƴƻƛǎŜ 
ǇƻǎŜǎ ǘƻ ƻǳǊ ǘǊǳǎǘ ǊŜǎƻǳǊŎŜǎΦ bh!!Ωǎ ǇƭŀŎŜ-ōŀǎŜŘ ǘƻƻƭǎ Ŏŀƴ ƎŜƴŜǊŀƭƭȅ ōŜ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ ǘƘƻǎŜ ǘƘŀǘ ŀǊŜ 
ŀǇǇƭƛŜŘ ōȅ ǘƘŜ ŀƎŜƴŎȅ ǘƻ ŦǳƭŦƛƭƭ ƳŀƴŘŀǘŜǎ ǘƻ ǇǊƻǘŜŎǘ ǎǇŜŎƛŦƛŎΣ ƘƛƎƘ-ǾŀƭǳŜ ǇƻǇǳƭŀǘƛƻƴǎ ƻǊ ǎǇŜŎƛŜǎΣ ǾŜǊǎǳǎ 
ǘƘƻǎŜ ǘƘŀǘ ŀǊŜ ŀǇǇƭƛŜŘ ǘƻǿŀǊŘǎ ǇǊƻǘŜŎǘƛƴƎ ŀ ƘƛƎƘ-ǾŀƭǳŜ ŀǊŜŀΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ƛǘǎ ŀǘǘǊƛōǳǘŜǎ ό¢ŀōƭŜ н-нύΦ IŜǊŜΣ 
ǿŜ ǳǎŜ ǘƘŜ ǘŜǊƳ άƘƛƎƘ ǾŀƭǳŜέ ǘƻ ƎŜƴŜǊŀƭƛȊŜ ǘƘŜ Ƴŀƴȅ ǎǘŀǘǳǘŜ-ǎǇŜŎƛŦƛŎ ŘŜŦƛƴƛǘƛƻƴǎ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ 
ǘƘŜ ǎǇŜŎƛŦƛŎ ǇƻǇǳƭŀǘƛƻƴǎΣ ǎǇŜŎƛŜǎ ŀƴŘ ŀǊŜŀǎ ǘƘŀǘ bh!! ƛǎ ƳŀƴŘŀǘŜŘ ǘƻ ǇǊƻǘŜŎǘ όŜΦƎΦΣ ŜƴŘŀƴƎŜǊŜŘ ƻǊ 
ŎƻƳƳŜǊŎƛŀƭƭȅ ƛƳǇƻǊǘŀƴǘύΦ ¢ƘŜ ǘƻƻƭǎ ƭƛǎǘŜŘ ƘŜǊŜ ƛƴŎƭǳŘŜ ƻƴƭȅ ǘƘƻǎŜ ǿƛǘƘ ƭƛƴƪǎ ǘƻ bh!!Ωǎ ǎǘŀǘǳǘƻǊȅ 
ŀǳǘƘƻǊƛǘƛŜǎ ƻǊ ŀŎǘƛƻƴǎΦ aŀǊƛƴŜ bŀǘƛƻƴŀƭ aƻƴǳƳŜƴǘǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŀǊŜ ƴƻǘ ŘŜ-ŦŀŎǘƻ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǘŀōƭŜΣ 
ŀǎ ǘƘŜƛǊ ŘŜǎƛƎƴŀǘƛƻƴ ǳƴŘŜǊ ǘƘŜ !ƴǘƛǉǳƛǘƛŜǎ !Ŏǘ όмфлсύ ƛǎ ŀƴ ŀŎǘ ƻŦ ǘƘŜ tǊŜǎƛŘŜƴǘ ƴƻǘ ǘƘŜ !ƎŜƴŎȅΣ ŀƴŘ 
ŘƻŜǎƴϥǘ ƛƴ ŀƴŘ ƻŦ ƛǘǎŜƭŦΣ ǇǊƻǾƛŘŜ bh!! ǿƛǘƘ ŀŘŘƛǘƛƻƴŀƭ ǎǘŀǘǳǘƻǊȅ ŀǳǘƘƻǊƛǘƛŜǎ ǘƻ ǎǳǇǇƻǊǘ ƳŀƴŀƎŜƳŜƴǘ 
ƎƻŀƭǎΦ ¢Ƙŀǘ ǎŀƛŘΣ ǘƘŜ bh!! bŀǘƛƻƴŀƭ aŀǊƛƴŜ CƛǎƘŜǊƛŜǎ {ŜǊǾƛŎŜΩǎ aŀǊƛƴŜ bŀǘƛƻƴŀƭ aƻƴǳƳŜƴǘ tǊƻƎǊŀƳ 
ǎŜǊǾŜǎ ǘƻ ŎƻƻǊŘƛƴŀǘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƳŀƴŀƎŜƳŜƴǘ ǇƭŀƴǎΣ ǎŎƛŜƴǘƛŦƛŎ ŜȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ǊŜǎŜŀǊŎƘ 
ǇǊƻƎǊŀƳǎ ǳƴŘŜǊ ǘƘŜƛǊ ŜȄƛǎǘƛƴƎ ŀǳǘƘƻǊƛǘƛŜǎ όaat!Σ 9{! ŀƴŘ MagnusonςStevens Fishery Conservation and 
Management Act-MSFCMA 1996ύ ǿƛǘƘƛƴ ŀƭƭ ŦƻǳǊ ƻŦ ǘƘŜ aŀǊƛƴŜ bŀǘƛƻƴŀƭ aƻƴǳƳŜƴǘǎ ƛƴ ǘƘŜ tŀŎƛŦƛŎ 
LǎƭŀƴŘǎ wŜƎƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ bh!!Ωǎ hŦŦƛŎŜ ƻŦ bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎΣ ǿƛǘƘ ŀǳǘƘƻǊƛǘƛŜǎ ǳƴŘŜǊ ǘƘŜ 
bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎ !Ŏǘ όba{! мффнύΣ Ƙŀǎ ŀŎǘƛǾŜ ƳŀƴŀƎŜƳŜƴǘ ǊƻƭŜǎ ǿƛǘƘƛƴ ǘǿƻ aŀǊƛƴŜ bŀǘƛƻƴŀƭ 
aƻƴǳƳŜƴǘǎΣ tŀǇŀƘŀƴŀǳƳƻƪǳŀƪŜŀ ŀƴŘ wƻǎŜ !ǘƻƭƭΦ  
 
¢ƘŜ ǘƻƻƭǎ ƭƛǎǘŜŘ ŀǊŜ ƴƻǘ ŜȄƘŀǳǎǘƛǾŜ ƻŦ bh!!Ωǎ ŀǳǘƘƻǊƛǘƛŜǎΣ ōǳǘ ǇǊƻǾƛŘŜ ŜȄŀƳǇƭŜǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ 
ƳŜŀǎǳǊŜǎ ǿƛǘƘƛƴ ǘƘŜ ŀƎŜƴŎȅΩǎ ƧǳǊƛǎŘƛŎǘƛƻƴ ǘƘŀǘ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ƻǊ ŎƻǳƭŘ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ōŜ ŀǇǇƭƛŜŘ ǘƻ ŀŘŘǊŜǎǎ 
ƴƻƛǎŜ ƛƳǇŀŎǘǎ ǘƻ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘΦ  {ƻƳŜ ŀǳǘƘƻǊƛǘƛŜǎ ƘŀǾŜ ƻǇŜǊŀǘƛƻƴŀƭ ŀǊŜŀǎ ǘƘŀǘ Ŏŀƴ ŀǳǘƘƻǊƛȊŜ bh!! 
ŀŎǘƛƻƴǎ ƻǾŜǊ ǾŜǊȅ ƭŀǊƎŜ ŀǊŜŀǎΣ ŜƴŎƻƳǇŀǎǎƛƴƎ ǘƘŜ Ŧǳƭƭ ƎŜƻƎǊŀǇƘƛŎ ǊŀƴƎŜ ƻŦ ǘŀǊƎŜǘ ǇƻǇǳƭŀǘƛƻƴǎΣ ǎǇŜŎƛŜǎ ƻǊ 
ǘƘŜƛǊ ƘŀōƛǘŀǘǎΦ /ŜǘŀŎŜŀƴ .ƛƻƭƻƎƛŎŀƭƭȅ LƳǇƻǊǘŀƴǘ !ǊŜŀǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŦƻǊ ŎŜǊǘŀƛƴ ŎŜǘŀŎŜŀƴ ǎǇŜŎƛŜǎ 
ǘƘǊƻǳƎƘ bh!!Ωǎ /ŜǘaŀǇ ǇǊƻƎǊŀƳ ό±ŀƴ tŀǊƛƧǎ Ŝǘ ŀƭΦΣ нлмрŀύΣ ŀƴŘ ŀǊŜ ƛƴŎƭǳŘŜŘ ƘŜǊŜ ŘŜǎǇƛǘŜ ǘƘŜƛǊ ƭŀŎƪ ƻŦ 
ǎǘŀǘǳǘƻǊȅ ŀǳǘƘƻǊƛǘȅ ŘǳŜ ǘƻ bh!!Ωǎ ǊƻƭŜ ƛƴ ǎǳǇǇƻǊǘƛƴƎ ǘƘŜƛǊ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǘƘŜƛǊ ŘƛǊŜŎǘ ƭƛƴƪ ǘƻ bh!!Ωǎ 
ƴƻƛǎŜ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎΦ {ƛƳƛƭŀǊƭȅΣ ǎŜǾŜǊŀƭ ƴŜǿ ǘƻƻƭǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ƛƴŎǊŜŀǎƛƴƎ ŀǘǘŜƴǘƛƻƴ ōȅ ǘƘŜ 
ŀƎŜƴŎȅ ǘƻ ŜŎƻǎȅǎǘŜƳ-ōŀǎŜŘ ƳŀƴŀƎŜƳŜƴǘ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ǘƘŜ ǘŀōƭŜΦ !ƭǘƘƻǳƎƘ Ƴŀƴȅ ŀǊŜ ƛƴ ŜŀǊƭȅ ǎǘŀƎŜǎ ƻŦ 
ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŀǊŜ ƴƻǘ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ƴŜǿ ǎǘŀǘǳǘƻǊȅ ŀǳǘƘƻǊƛǘƛŜǎΣ ǘƘŜȅ ǊŜǇǊŜǎŜƴǘ ǇǊƻƳƛǎƛƴƎ ƴŜǿ 
ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ ŦƻŎǳǎƛƴƎ ŀƎŜƴŎȅ ŀǘǘŜƴǘƛƻƴ ǘƻǿŀǊŘǎ ǊŜǎǘƻǊŀǘƛƻƴ ƻǊ ŜƴƘŀƴŎŜŘ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ƘƛƎƘ ǾŀƭǳŜ 
ŀǉǳŀǘƛŎ ǇƭŀŎŜǎ όŜΦƎΦΣ Iŀōƛǘŀǘ .ƭǳŜǇǊƛƴǘ CƻŎŀƭ !ǊŜŀǎΣ bh!! CƛǎƘŜǊƛŜǎ нлмрŀΣ LƳǇƻǊǘŀƴǘ 9ŎƻƭƻƎƛŎŀƭ !ǊŜŀǎΣ 
bƻǊǘƘŜŀǎǘ wŜƎƛƻƴŀƭ tƭŀƴƴƛƴƎ .ƻŘȅ нлмрύΦ CƛƴŀƭƭȅΣ ǎŜǾŜǊŀƭ ǘƻƻƭǎ ǘƘŀǘ ŀǳǘƘƻǊƛȊŜ bh!! ǘƻ ǇǊƻǾƛŘŜ ǘŜŎƘƴƛŎŀƭ 
ŜȄǇŜǊǘƛǎŜ ǘƻ ƻǘƘŜǊ ǎǘŀǘŜ ƻǊ ŦŜŘŜǊŀƭ ŘŜŎƛǎƛƻƴ-ƳŀƪƛƴƎ ǇǊƻŎŜǎǎŜǎ ŀǊŜ ƭƛǎǘŜŘΣ ŘǳŜ ǘƻ ǘƘŜ ǊƻƭŜǎ ǘƘŀǘ ǎǳŎƘ 
ƛƴŦƭǳŜƴŎŜ ŎƻǳƭŘ Ǉƭŀȅ ƛƴ ōǊƻŀŘŜƴƛƴƎ ǘƘŜ ǎŎƻǇŜ ƻŦ bh!!Ωǎ ŘƛǊŜŎǘ ŀŎǘƛƻƴǎΦ 
 
{ŎŀƭŜǎ ƻŦ ŀǇǇƭƛŎŀōƛƭƛǘȅ όǎǇŀǘƛŀƭΣ ǘŜƳǇƻǊŀƭ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭύ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ŜŀŎƘ ǘƻƻƭΣ ƛƴ ƻǊŘŜǊ ǘƻ ŜȄŀƳƛƴŜ 
ǘƘŜƛǊ ƭƛƳƛǘŀǘƛƻƴǎ ŀƴŘ ǎǘǊŜƴƎǘƘǎ ŦƻǊ ŀŘŘǊŜǎǎƛƴƎ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ƳŀƴŀƎŜƳŜƴǘ ƎƻŀƭǎΦ tƻǘŜƴǘƛŀƭ ƴƻƛǎŜ 
ƳŀƴŀƎŜƳŜƴǘ ƻǳǘŎƻƳŜǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ƎŜƴŜǊŀƭƭȅ ŀǎ ƛƴŦƭǳŜƴŎƛƴƎ ŜƛǘƘŜǊ ƳƛǘƛƎŀǘƛƻƴ ƻǊ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ƴƻƛǎŜ 
ŜȄǇƻǎǳǊŜ ŦƻǊ ǘŀǊƎŜǘ ǘŀȄŀ ƻǊ ŀǊŜŀǎΦ aƛǘƛƎŀǘƛƻƴ ƛƴŎƭǳŘŜǎ ŀŎǘƛƻƴǎ ǘŀƪŜƴ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ƴƻƛǎŜ 
ƛƳǇŀŎǘǎΦ IŜǊŜΣ ƳƻƴƛǘƻǊƛƴƎ ǎǇŜŎƛŦƛŎŀƭƭȅ ŀŘŘǊŜǎǎŜǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘŀƪŜƴ ŘǳǊƛƴƎ ƴƻƛǎŜ-ǇǊƻŘǳŎƛƴƎ ŀŎǘƛǾƛǘƛŜǎ 
όǊŜǉǳƛǊŜŘ ƻŦ ǘƘƻǎŜ ǇǊƻƳƻǘƛƴƎ ǘƘŜ ŀŎǘƛǾƛǘȅύ ƛƴ ƻǊŘŜǊ ǘƻ ŜǾŀƭǳŀǘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƛƳǇŀŎǘ ǘƘŀǘ Ƴŀȅ ƻǊ Ƴŀȅ ƴƻǘ 
ƻŎŎǳǊΣ ŀƴŘ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƎŀƛƴŜŘ Ŏŀƴ ƛƴŦƻǊƳ ŦǳǘǳǊŜ ƳŀƴŀƎŜƳŜƴǘ ŘŜŎƛǎƛƻƴǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ bh!! Ƙŀǎ ŀ 
ǾŀǊƛŜǘȅ ƻŦ ǎǘŀǘǳǘƻǊȅ ƳŀƴŘŀǘŜǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ǘƘŜ ŀƎŜƴŎȅΩǎ ƻǿƴ ƴŜŜŘ ǘƻ ƳƻƴƛǘƻǊ ƴƻƛǎŜ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ 
ǇƻǇǳƭŀǘƛƻƴǎΣ ǎǇŜŎƛŜǎΣ ŀƴŘ ŀǊŜŀǎ ƛǘ ƳŀƴŀƎŜǎΦ ¢ƘƻǎŜ ƳŜŀǎǳǊŜǎ ŀǊŜ ƴƻǘ ƭƛǎǘŜŘ ƘŜǊŜΣ ƴƻǊ ŀǊŜ ƳƻǊŜ ƎŜƴŜǊŀƭ 
bŀǘƛƻƴŀƭ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tƻƭƛŎȅ !Ŏǘ όb9t! мфсфύ ƳŀƴŘŀǘŜǎ ǘƘŀǘ ŘƛǊŜŎǘ ŀƭƭ ŦŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ǘƻ ŜǾŀƭǳŀǘŜ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ǇǊƻǇƻǎŜŘ ŀŎǘƛǾƛǘƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ƴƻƛǎŜ ƛƳǇŀŎǘǎΣ ǘƻ ǘǊǳǎǘ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜǎŜ ǎŜƭŦ-
ŘƛǊŜŎǘŜŘ ƳŀƴŘŀǘŜǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ŀƎŜƴŎȅΩǎ ŀŎǘƛƻƴǎ ǘƻǿŀǊŘǎ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ƳŀƴŀƎŜƳŜƴǘ 
ǇǊƛƻǊƛǘƛŜǎΦ
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¢ŀōƭŜ н-нΦ  9ȄŀƳǇƭŜǎ ƻŦ ǇƭŀŎŜ-ōŀǎŜŘ ǘƻƻƭǎ ǘƘŀǘ bh!! ƛǎ ƻǊ ŎƻǳƭŘ ōŜ ŀǇǇƭȅƛƴƎ ǘƻ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ǎŎƛŜƴŎŜ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƎƻŀƭǎΣ ŀǎǎŜǎǎŜŘ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜƛǊ 
ǎǘŀǘǳǘƻǊȅ ŀǳǘƘƻǊƛǘƛŜǎΣ ǎŎƻǇŜǎ όǎǇŀǘƛŀƭΣ ǘŜƳǇƻǊŀƭ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭύ ŀƴŘ ƻǳǘŎƻƳŜǎΦ 

Objective of NOAA's Place-

Based Management
NOAA Examples

Relevant NOAA 

Statutory Authorities1
Spatial Scale Temporal Scale

E
co

sy
st

e
m

?

Role for NOAA Acoustic Habitat 

Science

Role for NOAA Acoustic Habitat 

Management

Endangered Species Recovery Plan and Marine 

Mammal Conservation Plan action areas
MMPA; ESA

Geographic range of species including everything but foreign 

territorial waters
long-term No Can require monitoring

Fishery Management Plan action areas MSFCMA
Geographic range of species including US rivers and estuaries, 

coasts, Continental Shelf and EEZ2 long-term No3 Could require monitoring

Essential Fish Habitat MSFCMA
Geographic range of species including US rivers and estuaries, 

coasts, Continental Shelf and EEZ

Variable: long-term (planning) and project-by-

project (interagency consultation)
No Can recommend monitoring

Incidental Take Authorization mitigation 

zones; Interagency consultation action areas
MMPA; ESA

Varible project-by-project, mostly sub-regional; everything but 

foreign territorial waters

Variable: long-term (some consultation); short 

term (most consulation and all permitting)
No Must require monitoring

Can require mostly sub-regional scale, 

short term mitigation

Cetacean Biologically Important Areas 

(CetMap)

Various: MMPA, ESA, 

NMSA, CZMA, etc.

Variable; sub-regional; US rivers and estuaries, coasts, 

Continental Shelf and EEZ
TBD No

Could influence regional-scale 

long-term monitoring

Could influence regional-scale long-term 

mitigation

Endangered Species' Critical Habitat ESA
Variable; sub-regional; US rivers and estuaries, coasts, 

Continental Shelf and EEZ

Variable: long-term (planning) and project-by-

project (interagency consultations)
No Can require monitoring

Can require short-term (most 

consultation) and influence long-term 

(som consultation, planning) mitigation

Habitat Areas of Particular Concern               

(Essential Fish Habitat)
MSFCMA

Variable; sub-regional; US rivers and estuaries, coasts, 

Continental Shelf and EEZ

Variable: long-term (planning) and project-by-

project (interagency consultations)
No Can recommend monitoring Can recommend noise mitigation

Fish and Wildlife Coordination Act and 

Federal Power Act action areas
FWCA, FPA

Natural streams and inland bodies of water used by migratory, 

estuarine and marine fishes
Project-by-project No

Could influence consideration 

of monitoring by other federal 

agencies4

Could influence consideration of 

mitigation by directed federal agencies4

Anadromous Fish Conservation Act action 

areas
AFCA

Great Lakes and Lake Champlain (Columbia River Basin) 

streams used by spawning fish
long-term No

Could influence consideration 

of noise monitoring by states

Could influence consideration of noise 

mitigation by states

Fishery Community Based Restoration Program 

action areas
MSFCMA

US rivers or estuaries used by spawning anadromous fish 

species
long-term No Could influence monitoring Could influence mitigation

Regional Marine Planning areas

Various: MMPA, ESA, 

NMSA, MSFCMA, CZMA, 

etc.

Eight US regions that include territorial sea, EEZ and 

Continental Shelf landward of mean high-water l ine, inland 

bays and estuaries (additional inland waterways TBD)

long-term Yes NA--not yet established NA--not yet established

Habitat Blueprint Focal Areas

Various: MMPA, ESA, 

NMSA, MSFCMA, CZMA, 

etc.

Boundaries of designated sites (though serves to coordinate 

activities with adjacent/influencing areas)
long-term Yes

NA--planning phase; could 

influence monitoring plans
NA--planning phase

National Resource Damage Assessment action 

areas
OPA

Areas where NOAA-managed resources and they services they 

provide are damaged by release of oil or other hazardous 

substances

Incident specific Yes Could influence monitoring Could influence mitigation

Coral Reef Conservation Program action areaCRCA US jurisdictions and waters with shallow-water coral reefs long-term Yes Could influence monitoring Could influence mitigation

Coastal Zone Management Planning areas CZMA All territorial US waters and adjacent land areas
long-term (enhancement programs); Project-by-

project (federal consistency)
Yes

Can influence consideration of 

monitoring by states

Can influence consideration of mitigation 

by states

National Estuarine Research Reserves CZMA Boundaries of designated sites long-term Yes

Could influence consideration 

of monitoring by site lead (state 

or university)

Could influence consideration of 

monitoring by site lead (state or 

university)

National Marine Sanctuaries NMSA
Boundaries of designated sites (but including activities 

occurring outside sites that cause injury within sites)

long-term (management planning); Project-by-

project (permitting of prohibited activities and 

interagency consultation)

Yes

Could require (permitting) and 

can recommend (planning, 

consultation) monitoring

Could require (permitting) and can 

recommend (planning, consultation) 

mitigation

1 Marine Mammal Protection Act, Endangered Species Act, Magnusen-Stevens Fishery Conservation and Management Act, Fish and Wildlife Coordination Act, Federal Power Act, Anadromous Fish Conservation Act, Coastal Zone Management Act, National Marine Sanctuaries Act, 

Oil Pollution Act and Coral Reef Conservation Act; 2Exclusive Economic Zone; 3Plans in process have ecosystem focus; 4US Fish and Wildlife Service, US Army Corps of Engineers and Federal Energy Regulatory Commission

Could influence wide-ranging noise 

mitigation by multiple US agencies and 

Internationally (e.g., quieting design 

implementation)

Measures aimed at 

protecting aquatic areas of 

high value

Measures aimed at 

protecting aquatic animal 

populations or species of 

high value
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bh!! Ƙŀǎ ŜƳōŀǊƪŜŘ ƻƴ ŀ ǇŀǘƘ ǘƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǎƻǳƴŘ ƛƴ ƳŀǊƛƴŜ ŜŎƻǎȅǎǘŜƳǎΣ ŀƴŘ 
ǘƻ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜƭȅ ƳŀƴŀƎŜ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ǘƘǊŜŀǘǎ ǘƻ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ǳǎƛƴƎ ōƻǘƘ ŎǳǊǊŜƴǘ ŀƴŘ ƛƳǇǊƻǾŜŘ 
ǘƻƻƭǎΦ  DǊƻǿƛƴƎ ǘƘǊŜŀǘǎ ŦǊƻƳ ƴƻƛǎŜ ǘƻ ŀŎƻǳǎǘƛŎŀƭƭȅ ǎŜƴǎƛǘƛǾŜ ǎǇŜŎƛŜǎ ŎƻǳǇƭŜŘ ǿƛǘƘ ƭƛƳƛǘŜŘ ŀƎŜƴŎȅ 
ǊŜǎƻǳǊŎŜǎ ƴŜŜŘŜŘ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎ ǎǳƎƎŜǎǘ ŀ ƴŜŜŘ ǘƻ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƳƻǾŜ ŦƻǊǿŀǊŘ 
ŀƎƎǊŜǎǎƛǾŜƭȅ ǿƘƛƭŜ ƳŀƪƛƴƎ ŎƭŜŀǊ ǎǘǊŀǘŜƎƛŎ ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ ǿƘŜǊŜ ŀƴŘ Ƙƻǿ ǘƻ ǇǊƛƻǊƛǘƛȊŜ ǘƘƻǎŜ ŜŦŦƻǊǘǎ ƛƴ ǘƘŜ 
ŎƻƳƛƴƎ ȅŜŀǊǎΦ  ²ƘƛƭŜ ǎǇŜŎƛŦƛŎ ŘŜŎƛǎƛƻƴǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ǿƛƭƭ ōŜ ƛƴŦƭǳŜƴŎŜŘ ōȅ Ƴŀƴȅ ŦŀŎǘƻǊǎΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
ŀŎǘƛƻƴǎ ǎŜŜƪ ǘƻ ƳŀǘŎƘ ǘƘŜ ōǊƻŀŘ ǎǇŀǘƛŀƭ ŀƴŘ ƭƻƴƎ ǘŜƳǇƻǊŀƭ ŜŎƻƭƻƎƛŎŀƭ ǎŎŀƭŜǎ ƻǾŜǊ ǿƘƛŎƘ ƴƻƛǎŜ ƛǎ 
ƛƳǇŀŎǘƛƴƎ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΦ  
 
/ǊŜŀǘŜ ŀƴŘ {ǳǇǇƻǊǘ LƴǘŜǊƴŀǘƛƻƴŀƭ LƴƛǘƛŀǘƛǾŜǎ ǘƻ wŜŘǳŎŜ LƴŦƭǳŜƴŎŜ ŦǊƻƳ 5ƛǎǘŀƴǘ bƻƛǎŜ {ƻǳǊŎŜǎ 
bh!! ŀŎƪƴƻǿƭŜŘƎŜǎ ǘƘŀǘ ŀŘŘǊŜǎǎƛƴƎ ŎƘǊƻƴƛŎ ƴƻƛǎŜ ŎƻƴŘƛǘƛƻƴǎ ǿƛǘƘƛƴ ǎƻƳŜ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ƻŦ ŎƻƴŎŜǊƴ 
ǿƛƭƭ ƴŜŎŜǎǎƛǘŀǘŜ ƳŀƴŀƎŜƳŜƴǘ ŀŎǘƛƻƴ ǘƘŀǘ Ŏŀƴ ǊŜŘǳŎŜ ƴƻƛǎŜ ŜȄǇƻǎǳǊŜ ƻǾŜǊ ǾŜǊȅ ƭŀǊƎŜ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎ 
όaŎ/ŀǊǘƘȅ нллпΣ IŀǘŎƘ ϧ CǊƛǎǘǊǳǇ нллфύΦ 5ǊƛǾŜǊǎ ŦƻǊ ǿƛŘŜ-ǊŀƴƎƛƴƎ ƳƛǘƛƎŀǘƛƻƴ ǎƻƭǳǘƛƻƴǎ ǎǘŜƳ ŦǊƻƳ ōƻǘƘ 
ǇǊŜǎǳƳŜŘ ǎǇŜŎƛŜǎ-ǎǇŜŎƛŦƛŎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǊŀƴƎŜǎ όŜΦƎΦΣ Ŧƛƴ ŀƴŘ ōƭǳŜ ǿƘŀƭŜǎύ ŀƴŘ ŘƻŎǳƳŜƴǘŜŘ 
ǇǊƻǇŀƎŀǘƛƻƴ ŘƛǎǘŀƴŎŜǎ ŦƻǊ ƭƻǿ ŦǊŜǉǳŜƴŎȅ ƴƻƛǎŜ ǎƻǳǊŎŜǎ όŜΦƎΦΣ ǎŜƛǎƳƛŎ ŀƛǊƎǳƴǎ ŀƴŘ ǎƘƛǇǎύΦ 5ƛǎǘŀƴǘ ǎƻǳǊŎŜǎ 
ƻŦ ƴƻƛǎŜ ǿƛƭƭ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘƛŀƭ ƛƳǇŀŎǘǎ ǿƛǘƘƛƴ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ƻŦ ƛƴǘŜǊŜǎǘΦ Lƴ ƎŜƴŜǊŀƭΣ ŘŜŜǇ ǿŀǘŜǊ Ƙŀōƛǘŀǘǎ 
ƛƴ ƴƻǊǘƘŜǊƴ ƘŜƳƛǎǇƘŜǊŜ ƳƛŘ-ƭŀǘƛǘǳŘŜǎ ƻǊ ƘƛƎƘƭȅ ǘǊŀŦŦƛŎƪŜŘ ǎŜŀǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅ 
ǿƛŘŜ-ǊŀƴƎƛƴƎ ƴƻƛǎŜ ǎƻǳǊŎŜǎ όbŀǘƛƻƴŀƭ wŜǎŜŀǊŎƘ /ƻǳƴŎƛƭ ƻŦ ǘƘŜ ¦Φ{Φ bŀǘƛƻƴŀƭ !ŎŀŘŜƳƛŜǎ нллоύΦ 
!ŘŘƛǘƛƻƴŀƭƭȅΣ Ƴŀƴȅ ƘƛƎƘƭȅ ƳƛƎǊŀǘƻǊȅ ǇƻǇǳƭŀǘƛƻƴǎ ƻŦ ŜƴŘŀƴƎŜǊŜŘ ōŀƭŜŜƴ ǿƘŀƭŜǎ ŀǊŜ ƪƴƻǿƴ ǘƻ ǇǊƻŘǳŎŜ ƭƻǿ 
ŦǊŜǉǳŜƴŎȅ Ŏŀƭƭǎ ŀƴŘ ǎƻƴƎǎ ǘƘǊƻǳƎƘƻǳǘ Ƴƻǎǘ ƻŦ ǘƘŜƛǊ ǊŀƴƎŜǎ όŜΦƎΦΣ /ƘŀǊƛŦ Ŝǘ ŀƭΦΣ нллмΣ hƭŜǎƻƴ Ŝǘ ŀƭΦΣ нлмпύΦ 
!ŎƻǳǎǘƛŎ ŎƻƴŘƛǘƛƻƴǎ ŎƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜǎŜ ǎǇŜŎƛŜǎ ǿƘŜǊŜǾŜǊ ǘƘŜȅ ƻŎŎǳǊΦ bh!!Ωǎ 
ŀǳǘƘƻǊƛǘƛŜǎ ŦƻǊ ŀŘŘǊŜǎǎƛƴƎ ǊŀƴƎŜ-ǿƛŘŜ ǘƘǊŜŀǘǎ ǘƻ ǘŀǊƎŜǘ ǇƻǇǳƭŀǘƛƻƴǎ ŀƴŘ ƭƛǎǘŜŘ ǎǇŜŎƛŜǎ ƻŦǘŜƴ ŜȄǇƭƛŎƛǘƭȅ 
ǊŜŎƻƎƴƛȊŜ ŀƴŘ ŘƛǊŜŎǘ ƳǳƭǘƛƭŀǘŜǊŀƭ ŀǇǇǊƻŀŎƘŜǎ όŜΦƎΦΣ 9ƴŘŀƴƎŜǊŜŘ {ǇŜŎƛŜǎ wŜŎƻǾŜǊȅ tƭŀƴƴƛƴƎύΦ {ǳŎƘ ŘǊƛǾŜǊǎ 
ǇǊƻǾƛŘŜ ƛƳǇƻǊǘŀƴǘ ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ ǘƘŜ ŀƎŜƴŎȅ ǘƻ ŜƴƎŀƎŜ ƛƴ ƭƻƴƎ ǘŜǊƳΣ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŜŦŦƻǊǘǎ ǘƻ ǊŜŘǳŎŜ 
ŎƘǊƻƴƛŎ ƴƻƛǎŜ ƛƴŦƭǳŜƴŎŜΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ƳƻǊŜ ƴŀǘƛƻƴŀƭƭȅ-ŦƻŎǳǎŜŘ ŀŎǘƛǾƛǘƛŜǎΦ  
 
9ŦŦƻǊǘǎ ǘƻ ǊŜŎƻǾŜǊΣ ǊŜǎǘƻǊŜΣ ŀƴŘ ŜƴǎǳǊŜ ǎǳǎǘŀƛƴŀōƭŜ ƘŀǊǾŜǎǘ ƻŦ ǎǇŜŎƛŜǎ ƻǾŜǊ ƭŀǊƎŜ ǊŀƴƎŜǎ ƴŜŎŜǎǎƛǘŀǘŜ 
ǇŀǊǘƴŜǊǎƘƛǇǎ ǿƛǘƘ ƻǘƘŜǊ ŀƎŜƴŎƛŜǎ ŀƴŘ ŎƻǳƴǘǊƛŜǎΣ ŀƴŘ ƛƴŘǳǎǘǊƛŜǎ ǿƛǘƘ ŘƛǊŜŎǘ ƳŜŎƘŀƴƛǎƳǎ ǘƻ ƛƴŦƭǳŜƴŎŜ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǉǳƛŜǘƛƴƎ ǇǊƻƎǊŀƳǎΦ  bh!! Ƙŀǎ ǇǊƻǾƛŘŜŘ ƭŜŀŘŜǊǎƘƛǇ ŦƻǊ ǎǳŎƘ ŜŦŦƻǊǘǎ ǘƻ ŘŜǾŜƭƻǇ 
ǘŜŎƘƴƛŎŀƭ ƎǳƛŘŜƭƛƴŜǎ ǘƻ ǊŜŘǳŎŜ ƴƻƛǎŜ ŦǊƻƳ ŎƻƳƳŜǊŎƛŀƭ ǎƘƛǇǎ ǘƘǊƻǳƎƘ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎΩ LƴǘŜǊƴŀǘƛƻƴŀƭ 
aŀǊƛǘƛƳŜ hǊƎŀƴƛȊŀǘƛƻƴΦ Lƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ǘƘŜ ¦Φ{Φ /ƻŀǎǘ DǳŀǊŘΣ bh!! ǎǳǇǇƻǊǘŜŘ ǘƘŜ ¦Φ{ΦΩǎ ŎƘŀƛǊƛƴƎ ƻŦ 
ǘƘŜǎŜ ŜŦŦƻǊǘǎ ōŜƎƛƴƴƛƴƎ ƛƴ нллуΣ ǿƛǘƘ ǎǳŎŎŜǎǎŦǳƭ ǇŀǎǎŀƎŜ ƻŦ ƎǳƛŘŜƭƛƴŜǎ ƛƴ нлмп όLƴǘŜǊƴŀǘƛƻƴŀƭ aŀǊƛǘƛƳŜ 
hǊƎŀƴƛȊŀǘƛƻƴ нлмпύΦ bh!! ŎƻƴǘƛƴǳŜǎ ǘƻ ǿƻǊƪ ǿƛǘƘ ƛƴǘŜǊ-ŀƎŜƴŎȅ ŀƴŘ ƴƻƴ-ƎƻǾŜǊƴƳŜƴǘŀƭ ǇŀǊǘƴŜǊǎ ǘƻ 
ǎǳǇǇƻǊǘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ƎǳƛŘŜƭƛƴŜǎΦ YŜȅ ƴŜȄǘ ǎǘŜǇǎ ƛƴŎƭǳŘŜ Ǉƛƭƻǘ ǇǊƻƎǊŀƳǎ ŦƻǊ 
ǎŜƭŜŎǘ ǎƘƛǇǇƛƴƎ ŎƻƳǇŀƴƛŜǎ ŀƴŘΣ ƛŘŜŀƭƭȅΣ ǎŜƭŜŎǘ ǇƻǊǘǎΣ ǿƛǘƘ ƛƴǘŜǊŜǎǘǎ ƛƴ ǎǳǇǇƻǊǘƛƴƎ άƎǊŜŜƴ ǎƘƛǇέ 
ŘŜǾŜƭƻǇƳŜƴǘΣ ƛƴ ǿƘƛŎƘ ƴŜǿ ǎƘƛǇǎ ŀǊŜ ōǳƛƭǘ ƻǊ ŜȄƛǎǘƛƴƎ ǎƘƛǇǎ ŀǊŜ ƳƻŘƛŦƛŜŘ ǘƻ ƛƴŎƭǳŘŜ ǉǳƛŜǘƛƴƎ ƛƴ ŘŜǎƛƎƴ 
ŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭ ƎƻŀƭǎΦ tƛƭƻǘ ǇǊƻƎǊŀƳǎ ǿƻǳƭŘ ŜǾŀƭǳŀǘŜ ǘƛƳŜ ƘƻǊƛȊƻƴǎ ŦƻǊ Ŏƻǎǘ-ǊŜŎƻǾŜǊȅ όŜΦƎΦΣ Ǿƛŀ ƛƴŎǊŜŀǎŜŘ 
ŦǳŜƭ ŜŦŦƛŎƛŜƴŎȅΣ ǊŜŘǳŎŜŘ ƳŀƛƴǘŜƴŀƴŎŜ ŜǘŎΦύΣ ŎƻƴǎƛŘŜǊ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǉǳƛŜǘƛƴƎ Ǝƻŀƭǎ ǿƛǘƘ ƻǘƘŜǊ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴ Ǝƻŀƭǎ ƛƴŎƭǳŘŜŘ ƛƴ ƎǊŜŜƴ ǎƘƛǇ ŘŜǎƛƎƴ ǇǊƻƧŜŎǘǎΣ ŀƴŘ ŘŜǾŜƭƻǇ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ 
ŘƻŎƪƛƴƎ ƛƴŎŜƴǘƛǾŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ǇƻǊǘǎΦ 
 
bh!! Ƙŀǎ ōŜŜƴ ƭŜǎǎ ŘƛǊŜŎǘƭȅ ŜƴƎŀƎŜŘ ƛƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŜŦŦƻǊǘǎ ǘƻ ŜƴŎƻǳǊŀƎŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǉǳƛŜǘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ ƳƻŘƛŦȅ ƻǊ ǊŜǇƭŀŎŜ ƻǘƘŜǊ ŘƻƳƛƴŀƴǘ ƭƻǿ-ŦǊŜǉǳŜƴŎȅ ƴƻƛǎŜ ǎƻǳǊŎŜǎΣ ƭƛƪŜ ŀƛǊƎǳƴǎΣ ƻǘƘŜǊ 
ǎŜƛǎƳƛŎ ǎƻǳǊŎŜǎΣ ǇƛƭŜ-ŘǊƛǾƛƴƎ ŀŎǘƛǾƛǘƛŜǎΣ ŀƴŘ ǾŜǎǎŜƭ ŘȅƴŀƳƛŎ ǇƻǎƛǘƛƻƴƛƴƎ ǎȅǎǘŜƳǎ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ƛƴ ŀ ǿƛŘŜ-
ǾŀǊƛŜǘȅ ƻŦ ƻŦŦǎƘƻǊŜ ŜƴŜǊƎȅ ŘŜǾŜƭƻǇƳŜƴǘ ǇƘŀǎŜǎ όŜΦƎΦΣ ŜȄǇƭƻǊŀǘƛƻƴΣ ǇƭŀǘŦƻǊƳ ŎƻƴǎǘǊǳŎǘƛƻƴΣ 
ŜȄǘǊŀŎǘƛƻƴκƎŜƴŜǊŀǘƛƻƴύΦ CƻǊ ǎǳŎƘ ǎƻǳǊŎŜǎΣ bh!!Ωǎ ŎǳǊǊŜƴǘ ǊŜƎǳƭŀǘƛƻƴ ŀƴŘ Ŏƻƴǎǳƭǘŀǘƛƻƴ ŀŎǘƛǾƛǘȅ ǘƻ ŀŘŘǊŜǎǎ 



CHAPTER 2  OCEAN NOISE STRATEGY ROADMAP 
 

37 
 

ǇƘȅǎƛŎŀƭ ŀƴŘ ōŜƘŀǾƛƻǊŀƭ ŜŦŦŜŎǘǎ ŘǳŜ ǘƻ ŀŎǳǘŜ ƴƻƛǎŜ ŜȄǇƻǎǳǊŜ ŦƻŎǳǎŜǎ ƻƴ ƴƻƛǎŜ ǊŜŘǳŎǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ǘƻ 
ǊŜŘǳŎŜ ǇŜŀƪ ǇǊŜǎǎǳǊŜǎ ƻǊ ǎƘƻǊǘ ǘŜǊƳ όŜΦƎΦΣ ƻƴŜ Řŀȅύ ŀŎŎǳƳǳƭŀǘŜŘ ŜƴŜǊƎȅ ŜȄǇŜǊƛŜƴŎŜŘ ōȅ ŀƴƛƳŀƭǎ 
ǎǿƛƳƳƛƴƎ ƴŜŀǊōȅ όŜΦƎΦΣ ǎƻƳŜ ǇƛƭŜ-ŘǊƛǾƛƴƎ ǎƻǳƴŘ ŀǘǘŜƴǳŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎύΦ .ǊƻŀŘŜƴƛƴƎ ǎǳŎƘ ŘŜǎƛƎƴǎ ǘƻ 
ŀŘŘǊŜǎǎ ƭƻǎǘ ƭƛǎǘŜƴƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƻǾŜǊ ƭŀǊƎŜǊ ǎǇŀǘƛŀƭ ŀƴŘ ƭƻƴƎŜǊ ǘŜƳǇƻǊŀƭ ǎŎŀƭŜǎ ǿƛƭƭ ƴŜŎŜǎǎƛǘŀǘŜ ǎŜǘǘƛƴƎ 
ƻŦ ŜƴƎƛƴŜŜǊƛƴƎ ǘŀǊƎŜǘǎ ǘƘŀǘ ǊŜŦŜǊŜƴŎŜ ōƛƻƭƻƎƛŎŀƭ ŜŦŦŜŎǘǎ ŀǘ ǘƘƻǎŜ ǎŎŀƭŜǎΦ [ƻƴƎŜǊ-ǘŜǊƳ ŜŦŦŜŎǘ ǘŀǊƎŜǘǎ ŀǊŜ 
ŜƳŜǊƎƛƴƎ ŦǊƻƳ ƳƻŘŜƭƛƴƎ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ-ƭŜǾŜƭ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ŘƛǎǇƭŀŎƛƴƎ ƘŀǊōƻǊ ǇƻǊǇƻƛǎŜǎ ŦǊƻƳ ǘƘŜƛǊ 
Ƙŀōƛǘŀǘ ƛƴ ǘƘŜ bƻǊǘƘ {Ŝŀ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǊŜƎƛƻƴŀƭ ǿƛƴŘ ŦŀǊƳ ŘŜǾŜƭƻǇƳŜƴǘ ό{aw¦ /ƻƴǎǳƭǘƛƴƎ нлмрύΦ 
IƻǿŜǾŜǊΣ ŜŦŦŜŎǘ ǘŀǊƎŜǘǎ ŀǎǎŜǎǎŜŘ Ǿƛŀ ƳƻŘŜƭƛƴƎ ƻŦ ŎƻƴǎŜǉǳŜƴŎŜǎ ƳŜŘƛŀǘŜŘ ǘƘǊƻǳƎƘ Ŧǳƭƭ ŜŎƻǎȅǎǘŜƳǎ ŀǊŜ 
ŀƭǎƻ ƛƳǇƻǊǘŀƴǘΣ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǎǇŜŎƛŜǎ-ǎǇŜŎƛŦƛŎ ƴƻƛǎŜ ƻǇǘƛƳƛȊŀǘƛƻƴǎ ōŜƴŜŦƛǘ Ƙŀōƛǘŀǘ ŎƻƴŘƛǘƛƻƴǎ ƳƻǊŜ 
ƘƻƭƛǎǘƛŎŀƭƭȅΦ aŀƴȅ ƻŦ ǘƘŜ ŎƻƳǇŀƴƛŜǎ ŎƻƴŘǳŎǘƛƴƎ ƴƻƛǎŜ-ǇǊƻŘǳŎƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ǎǳǇǇƻǊǘ ƻŦ ƻŦŦǎƘƻǊŜ ŜƴŜǊƎȅ 
ŜȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ǇǊƻŘǳŎǘƛƻƴ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ǘƘŜƛǊ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ǉǳƛŜǘƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǊŜŎƻƎƴƛȊƛƴƎ ǘƘŀǘ 
ǉǳƛŜǘŜǊ ŀƭǘŜǊƴŀǘƛǾŜǎ ǿƻǳƭŘ ōŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ǇǊŜŦŜǊŀōƭŜ ŀƴŘ ǿƻǳƭŘ ǊŜŘǳŎŜ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ƻǇŜǊŀǘƛƴƎ 
ǿƛǘƘƛƴ ƘƛƎƘƭȅ ǾŀǊƛŀōƭŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǊŜƎǳƭŀǘƻǊȅ ŎƻƴǎǘǊŀƛƴǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƻƛƭ 
ŎƻƳǇŀƴƛŜǎ ŀƴŘ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ DŜƻǇƘȅǎƛŎŀƭ /ƻƴǘǊŀŎǘƻǊǎ ŎƻƴǘƛƴǳŜ ǘƻ ƛƴǾŜǎǘ ƛƴ ǘƘŜ 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƳŀǊƛƴŜ ǾƛōǊƻǎŜƛǎ ǘŜŎƘƴƻƭƻƎȅ ŀǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ ŀƛǊƎǳƴ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ǳǎŜ ƛƴ ǎŜƛǎƳƛŎ 
Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ό9ϧt {ƻǳƴŘ ϧ aŀǊƛƴŜ [ƛŦŜ Wƻƛƴǘ LƴŘǳǎǘǊȅ tǊƻƎǊŀƳƳŜ ƻƴ {ƻǳƴŘ ƻƴ aŀǊƛƴŜ [ƛŦŜ нлмрύΦ 

 
LƳǇǊƻǾŜ ŀƴŘ !ǇǇƭȅ bŀǘƛƻƴŀƭ ¢ƻƻƭǎ ǘƻ wŜŘǳŎŜ /ǳƳǳƭŀǘƛǾŜ LƳǇŀŎǘǎ 
DƛǾŜƴ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ƴǳƳōŜǊ ƻŦ ƴƻƛǎŜ-ǇǊƻŘǳŎŜǊǎ ǎŜŜƪƛƴƎ ǇŜǊƳƛǘǎ ŦǊƻƳ bh!! ǘƻ ŀǳǘƘƻǊƛȊŜ ƛƳǇŀŎǘǎΣ ǘƘŜǊŜ 
ƛǎ ŀ ƴŜŜŘ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ŀŎŎǳƳǳƭŀǘŜŘ ŜȄǇƻǎǳǊŜ ǘƻ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΦ ¢Ƙƛǎ ƴŜŜŘ ƛǎ ƴƻǘ 
ƛǎƻƭŀǘŜŘ ǘƻ ƴƻƛǎŜ ŀƳƻƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘǊŜǎǎƻǊǎΣ ƴƻǊ ǘƻ ǘƘŜ ¦Φ{Φ ŀƭƻƴŜΦ ¢ƻƻƭǎ ǘƻ ŀŘŘǊŜǎǎ ŎǳƳǳƭŀǘƛǾŜΣ 
Ƴǳƭǘƛ-ǎƻǳǊŎŜ ŜŦŦŜŎǘǎ ƻǾŜǊ ǿƛŘŜǊ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎ ŀǊŜ ŜƳŜǊƎƛƴƎ ƛƴ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ aŀǊƛƴŜ {ǘǊŀǘŜƎȅ CǊŀƳŜǿƻǊƪ 5ƛǊŜŎǘƛǾŜ ό9¦ a{C5ύΦ  ¢ƘŜ 9¦ a{C5 ŘŜŦƛƴŜǎ ƛǘǎ ƻōƧŜŎǘƛǾŜΣ 
DƻƻŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ǘŀǘǳǎΣ ǘƻ ƛƴŎƭǳŘŜ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘ ǘƘŀǘ άLƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ŜƴŜǊƎȅ όƛƴŎƭǳŘƛƴƎ 
ǳƴŘŜǊǿŀǘŜǊ ƴƻƛǎŜύ ŘƻŜǎ ƴƻǘ ŀŘǾŜǊǎŜƭȅ ŀŦŦŜŎǘ ǘƘŜ ŜŎƻǎȅǎǘŜƳέ ό9¦ a{C5 нллуύΦ wŜƎƛƻƴŀƭ ǊŜƎƛǎǘǊƛŜǎ ƻŦ 
ƴƻƛǎŜ-ǇǊƻŘǳŎƛƴƎ ŜǾŜƴǘǎΣ ŘŜǾŜƭƻǇŜŘ ōȅ ƛƴŘƛǾƛŘǳŀƭ ŎƻǳƴǘǊƛŜǎ όŜΦƎΦΣ ¦Y ŀƴŘ ¢ƘŜ bŜǘƘŜǊƭŀƴŘǎύ ōǳǘ ǿƛǘƘ ƘƛƎƘ 
ƭŜǾŜƭǎ ƻŦ Ƴǳƭǘƛ-ƭŀǘŜǊŀƭ ŎƻƭƭŀōƻǊŀǘƛƻƴΣ ŀǊŜ ōŜƛƴƎ ǳǎŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ƴŀǘƛƻƴŀƭ ŀƴŘ ǊŜƎƛƻƴŀƭ 
ƴƻƛǎŜ ōǳŘƎŜǘǎΦ LƳǇƻǊǘŀƴǘƭȅΣ ǘƘŜǎŜ ǊŜƎƛǎǘǊƛŜǎ ŎƻƭƭŜŎǘ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ƴŀǘƛƻƴŀƭƭȅ-ǇŜǊƳƛǘǘŜŘ ƴƻƛǎȅ 
ŀŎǘƛǾƛǘƛŜǎ ōƻǘƘ ŀǘ ǘƘŜ ǘƛƳŜǎ ǘƘŜȅ ŀǊŜ ǇǊƻǇƻǎŜŘ ŀƴŘ ǘƘŜƴ ŀƎŀƛƴ ŀŦǘŜǊ ǘƘŜȅ ŀǊŜ ŎƻƳǇƭŜǘŜŘΦ {ǳŎƘ ǊŜƎƛǎǘǊƛŜǎ 
ǘƘǳǎ ŀƭƭƻǿ 9ǳǊƻǇŜŀƴ ŎƻǳƴǘǊƛŜǎ ǿƛǘƘ ŎƻƭƭŜŎǘƛǾŜΣ ǊŜƎƛƻƴŀƭ ƛƴǘŜǊŜǎǘ ƛƴ ǊŜƎǳƭŀǘƛƴƎ ƴƻƛǎŜ ǘƻ ŘŜǎŎǊƛōŜ ǊŜƭŀǘƛǾŜΣ 
ŀŎǘǳŀƭƛȊŜŘ ƴƻƛǎŜ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ƭƻŎŀƭƛȊŜŘ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ƻŦ ŎƻƴŎŜǊƴΦ bƻƛǎŜ ǇǊŜŘƛŎǘƛƻƴǎ ōŀǎŜŘ ƻƴ 
ǊŜƎƛǎǘŜǊŜŘ ŜǾŜƴǘǎ Ŏŀƴ ōŜ ŎƻƳǇŀǊŜŘ ǘƻ ƳƻƴƛǘƻǊƛƴƎ Řŀǘŀ ǘƻ ŜǎǘƛƳŀǘŜ ǊŜƳŀƛƴƛƴƎ ŎƻƴǘǊƛōǳǘƛƻƴǎ ŦǊƻƳ ƴƻƴ-
ǊŜƎƛǎǘŜǊŜŘ ǎƻǳǊŎŜ ǘȅǇŜǎΦ  
 
! ƎŜƻǎǇŀǘƛŀƭƭȅ-ŜȄǇƭƛŎƛǘ ǊŜƎƛǎǘǊȅ ƻŦ ŀƭƭ ŦŜŘŜǊŀƭƭȅ ŀǳǘƘƻǊƛȊŜŘ όƛΦŜΦΣ bh!! ǇŜǊƳƛǘǘŜŘ ŀƴŘκƻǊ ǊŜǉǳƛǊƛƴƎ ƴƻƴ-
bh!! ŦŜŘŜǊŀƭ ŀŎǘƛƻƴύ ƴƻƛǎŜ-ǇǊƻŘǳŎƛƴƎ ŜǾŜƴǘǎ ƛƴ ¦Φ{Φ ǿŀǘŜǊǎ ǿƻǳƭŘ ƛƴŦƻǊƳ Ƴŀƴȅ ŦŀŎŜǘǎ ƻŦ bh!!Ωǎ 
ŀŎǘƛǾƛǘƛŜǎ ǘƻ ŀŘŘǊŜǎǎ ŎǳƳǳƭŀǘƛǾŜ ƴƻƛǎŜ ƛƳǇŀŎǘǎ ǘƻ ƘƛƎƘ Ǌƛǎƪ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΦ Lƴ ǇŀǊŀƭƭŜƭ ǿƛǘƘ 9¦ a{C5 
ŜŦŦƻǊǘǎΣ ǎǳŎƘ ŀ ǊŜƎƛǎǘǊȅ ǿƻǳƭŘ ƛƴŦƻǊƳ bh!!Ωǎ ǊƻƭŜ ƛƴ ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ ¦Φ{Φ bŀǘƛƻƴŀƭ hŎŜŀƴ tƻƭƛŎȅΦ  ¢ƘŜ 
¦Φ{Φ bŀǘƛƻƴŀƭ hŎŜŀƴ tƻƭƛŎȅ ŜƴŎƻǳǊŀƎŜǎ wŜƎƛƻƴŀƭ aŀǊƛƴŜ tƭŀƴƴƛƴƎ ŀǎ άa science-based tool that regions 
can use to address specific ocean management challenges and advance their economic development 
and conservation objectivesέ όbŀǘƛƻƴŀƭ hŎŜŀƴ /ƻǳƴŎƛƭ нлмоŀΣ ǇΦ нмύΦ wŜƎƛƻƴŀƭ aŀǊƛƴŜ tƭŀƴƴƛƴƎ .ƻŘƛŜǎ 
ƘŀǾŜ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǎŜǾŜǊŀƭ ¦Φ{Φ ǊŜƎƛƻƴǎΣ ǿƛǘƘ ǘƘŜ ƴƻǊǘƘŜŀǎǘ ŀƴŘ ƳƛŘ-!ǘƭŀƴǘƛŎ ǊŜƎƛƻƴǎ ǘƘŜ ŦǳǊǘƘŜǎǘ 
ŀŘǾŀƴŎŜŘ ǘƻǿŀǊŘǎ ŦƛƴŀƭƛȊŀǘƛƻƴ ƻŦ wŜƎƛƻƴŀƭ aŀǊƛƴŜ tƭŀƴǎΦ {ŜǾŜǊŀƭ wŜƎƛƻƴŀƭ tƭŀƴƴƛƴƎ .ƻŘƛŜǎ όŀǎ ǿŜƭƭ ŀǎ 
ǎƛƳƛƭŀǊ ǊŜƎƛƻƴŀƭ ŎƻƭƭŀōƻǊŀǘƛǾŜǎύ ƘŀǾŜ ƛƴǾŜǎǘŜŘ ƛƴ ƳŀǇǇƛƴƎ Ŏƻŀǎǘŀƭ ŀƴŘ ƻŦŦǎƘƻǊŜ ƘǳƳŀƴ ǳǎŜ ǇŀǘǘŜǊƴǎ ŀǎ 
ŎǊƛǘƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ƛƴŦƻǊƳ ŘƛǎŎǳǎǎƛƻƴǎ ƻŦ ŎƻƳǇŀǘƛōƛƭƛǘȅ ŀƳƻƴƎ ǳǎŜǎ ŀƴŘ ǘƻ ŀŎƘƛŜǾŜ ŜŎƻǎȅǎǘŜƳ 
ǇǊƻǘŜŎǘƛƻƴ ƎƻŀƭǎΦ {ƻƳŜ ƴƻƛǎŜ ǇǊƻŘǳŎƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ƭƛƪŜƭȅ ǿŜƭƭ-ŎŀǇǘǳǊŜŘ ōȅ ŎǳǊǊŜƴǘ ƳŀǇǇƛƴƎ ƛƴƛǘƛŀǘƛǾŜǎΣ 
ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƭƛƪŜƭȅ ƛƴŦƭǳŜƴŎŜ ƻŦ ƻŎŜŀƴ-ƎƻƛƴƎ όŜΦƎΦΣ ŎŀǊƎƻΣ ǘŀƴƪŜǊύ ŀƴŘ ǎƻƳŜ ƳƻǊŜ ƭƻŎŀƭƛȊŜŘ ŎƻƳƳŜǊŎƛŀƭ 
όŜΦƎΦΣ ŦƛǎƘƛƴƎΣ ŦŜǊǊƛŜǎΣ ǘǳƎ-ǘƻǿύ ŀƴŘ ǊŜŎǊŜŀǘƛƻƴŀƭ όŜΦƎΦΣ ŦƛǎƘƛƴƎΣ ǇƭŜŀǎǳǊŜύ ǾŜǎǎŜƭǎ ƻƴ ǊŜƎƛƻƴŀƭ ŀŎƻǳǎǘƛŎ 
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Ƙŀōƛǘŀǘǎ όŜΦƎΦΣ {ƻǳƴŘaŀǇΣ ƘǘǘǇΥκκŎŜǘǎƻǳƴŘΦƴƻŀŀΦƎƻǾκǎƻǳƴŘψŘŀǘŀύΦ hǘƘŜǊǎ ŀǊŜ ŎŀǇǘǳǊŜŘ ƛƴ ƳƻǊŜ 
ƎŜƴŜǊŀƭƛȊŜŘ ŀƴŘ ƻŦǘŜƴ ƭƻǿ-ǊŜǎƻƭǳǘƛƻƴ ǇǊƻƧŜŎǘŜŘ ǘŜǊƳǎΣ ƛƴŎƭǳŘƛƴƎ ƭŜǾŜƭǎ ƻŦ ŜȄǇŜŎǘŜŘ ŀŎǘƛǾƛǘȅ ǿƛǘƘƛƴ 
ōƻǳƴŘŀǊƛŜǎ ƻŦ ƭŜŀǎŜ ōƭƻŎƪǎ ŦƻǊ ŜƴŜǊƎȅ ŘŜǾŜƭƻǇƳŜƴǘ ƻǊ ǊŀƴƎŜǎ ŦƻǊ ƳƛƭƛǘŀǊȅ ŀŎǘƛǾƛǘƛŜǎΦ IƛƎƘŜǊ ǊŜǎƻƭǳǘƛƻƴ 
ƛƴŦƻǊƳŀǘƛƻƴ ŘŜǎŎǊƛōƛƴƎ ŀŎǘǳŀƭƛȊŜŘ ŀŎǘƛǾƛǘȅ ƭŜǾŜƭǎ ŜǾŀƭǳŀǘŜŘ ŀŦǘŜǊ ǘƘŜȅ ƻŎŎǳǊǊŜŘ ǿƻǳƭŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 
ƛƳǇǊƻǾŜ ǇƭŀŎŜ-ōŀǎŜŘ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƴƻƛǎŜ ŎƻƴǘǊƛōǳǘƛƻƴǎ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ƘƛƎƘ ŦŜŘŜǊŀƭ ŀǳǘƘƻǊƛȊŀǘƛƻƴ 
ŀŎǘƛǾƛǘȅΦ 
 
 Lƴ ƻǘƘŜǊ ŀǊŜŀǎΣ ƛƳǇǊƻǾƛƴƎ ƴƻƛǎŜ ŜǎǘƛƳŀǘŜǎ ǿƛƭƭ ŘŜƳŀƴŘ ŀǇǇǊƻŀŎƘŜǎ ǘƘŀǘ ŀŎŎƻǳƴǘ ŦƻǊ ŀŎǘƛǾƛǘȅ ǘȅǇŜǎ ǘƘŀǘ 
ŀǊŜ ƴƻǘ ŦŜŘŜǊŀƭƭȅ ŀǳǘƘƻǊƛȊŜŘΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ƴƻƛǎŜ ƛƴ ƴŜŀǊǎƘƻǊŜ ǿŀǘŜǊǎ Ŏŀƴ ōŜ ƛƴŦƭǳŜƴŎŜŘ ōȅ ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ 
ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ Ƴŀȅ ƻǊ Ƴŀȅ ƴƻǘ ǊŜǉǳƛǊŜ ƭƻŎŀƭΣ ǎǘŀǘŜΣ ǘǊƛōŀƭ ƻǊ ŦŜŘŜǊŀƭ ŀǳǘƘƻǊƛȊŀǘƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ 
ƻŦŦǎƘƻǊŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŀƴŘ ŜƴŜǊƎȅ ƛƴǎǘŀƭƭŀǘƛƻƴǎΣ ǇƻǊǘ ŀƴŘ ƘŀǊōƻǊ ƻǇŜǊŀǘƛƻƴǎΣ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ōǊƛŘƎŜǎ 
ŀƴŘ ǿŀǘŜǊǿŀȅǎΣ ǇƭŜŀǎǳǊŜ ŎǊŀŦǘΣ ŀƴŘ ŜǾŜƴ ƻƴǎƘƻǊŜ ǊƻŀŘ ǘǊŀŦŦƛŎΦ LƴǎƘƻǊŜ ŀǊŜŀǎ ŀǊŜ ƻŦǘŜƴ ƻŦ ƘƛƎƘ ŎƻƴŎŜǊƴ ŦƻǊ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳŀƴŀƎŜƳŜƴǘ ό¢ŀōƭŜ н-нύΣ ŀǎ ǘƘŜȅ ǎǳǇǇƻǊǘ ōƛƻƭƻƎƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ όŀƴŘ ƻŦǘŜƴ ŀŎƻǳǎǘƛŎŀƭƭȅ 
ǎŜƴǎƛǘƛǾŜύ ǊŜǇǊƻŘǳŎǘƛǾŜ ŀƴŘ ŜŀǊƭȅ ƭƛŦŜ ǎǘŀƎŜ ōŜƘŀǾƛƻǊǎ ŦƻǊ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ŀǉǳŀǘƛŎ ǘŀȄŀΣ ƛƴŎƭǳŘƛƴƎ 
ƛƴǾŜǊǘŜōǊŀǘŜǎΣ ŦƛǎƘ ŀƴŘ ƳŀƳƳŀƭǎΦ Measurements of coastal noise levels are increasingly collected by 
nearshore monitoring efforts, although they disproportionally sample locations and time periods that 
contain noisy events and are often not regionally centralized. A new land-based modeling technique 
would, however, leverage the increasing quantity and spatial coverage of coastal noise measurement 
data and shows great promise for improving the accuracy and accessibility of noise predictions over 
large scales. ¢Ƙƛǎ ǘŜŎƘƴƛǉǳŜ Ƙŀǎ ōŜŜƴ ŀǇǇƭƛŜŘ ǘƻ ǊŜƭŀǘŜ ǿŜƭƭ-ŘƛǎǘǊƛōǳǘŜŘ ƴƻƛǎŜ ƳŜŀǎǳǊŜƳŜƴǘ Řŀǘŀ ǘƻ 
ƎŜƻǎǇŀǘƛŀƭ ŘŀǘŀǎŜǘǎ ǘƘŀǘ ŘŜǎŎǊƛōŜ ƪŜȅ ŀƴǘƘǊƻǇƻƎŜƴƛŎΣ ōƛƻƭƻƎƛŎŀƭ ŀƴŘ ƎŜƻǇƘȅǎƛŎŀƭ ǇǊŜŘƛŎǘƻǊǎ ƻŦ ƴƻƛǎŜΣ 
ƎŜƴŜǊŀǘƛƴƎ ƳŀǇǎ ƻŦ ƴƻƛǎŜ ƭŜǾŜƭǎ ǘƘŀǘ ǎǇŀƴ ǘƘŜ ¦Φ{Φ ŎƻƴǘƛƴŜƴǘŀƭ ǎǘŀǘŜǎ όaŜƴƴƛǘǘ Ŝǘ ŀƭΦΣ нлмпΣ 
ƘǘǘǇΥκκǿǿǿΦƴŀǘǳǊŜΦƴǇǎΦƎƻǾκǎƻǳƴŘκǎƻǳƴŘƳŀǇΦŎŦƳύΦ  !ƭǘƘƻǳƎƘ ƴŜŎŜǎǎƛǘŀǘƛƴƎ Ŏƻƴǘƛƴǳŀƭ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ 
ƴƻƛǎŜ ƳŜŀǎǳǊŜƳŜƴǘ ŘŀǘŀōŀǎŜǎΣ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ǊŜŘǳŎŜǎ ǊŜƭƛŀƴŎŜ ƻƴ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ŘŜǎŎǊƛǇǘƛƻƴǎ ƻŦ ƴƻƛǎȅ 
ŀŎǘƛǾƛǘƛŜǎΦ {ǳŎƘ ǊŜƎƛƻƴŀƭ ǘƻ Ŏƻŀǎǘ-ǿƛŘŜ ƴƻƛǎŜ ǇǊŜŘƛŎǘƛƻƴǎ ǿƻǳƭŘ ƛƳǇǊƻǾŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴǎ ƻŦ ŎǳƳǳƭŀǘƛǾŜ 
ŎƻƴŘƛǘƛƻƴǎ ǿƛǘƘƛƴ ōƻǘƘ /ƻŀǎǘŀƭ ½ƻƴŜ aŀƴŀƎŜƳŜƴǘ ŀƴŘ wŜƎƛƻƴŀƭ aŀǊƛƴŜ tƭŀƴǎΦ {ǘŀǘŜǎ ǿƛǘƘ ŀǇǇǊƻǾŜŘ 
/ƻŀǎǘŀƭ ½ƻƴŜ aŀƴŀƎŜƳŜƴǘ tƭŀƴǎ Ŏŀƴ ǘƘŜƴ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ŦŜŘŜǊŀƭ ŀŎǘƛƻƴǎ ƻǊ ǇŜǊƳƛǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
ǇǊƻǇƻǎŜŘ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ŜƴŦƻǊŎŜŀōƭŜ ǇƻƭƛŎƛŜǎ ƻŦ ǘƘŜƛǊ Ǉƭŀƴǎ ό/ƻŀǎǘŀƭ ½ƻƴŜ aŀƴŀƎŜƳŜƴǘ 
!Ŏǘ мфтнΣ ǎŜŜ ¢ŀōƭŜ н-нύΦ ²ƘƛƭŜ wŜƎƛƻƴŀƭ aŀǊƛƴŜ tƭŀƴǎ Ƴŀȅ ƴƻǘ ŜȄǇƭƛŎƛǘƭȅ ǎŜŜƪ ǘƻ ǊŜŘǳŎŜ ŀŎŎǳƳǳƭŀǘŜŘ 
ƴƻƛǎŜ ƛƳǇŀŎǘǎ ǿƛǘƘƛƴ ƘƛƎƘ-Ǌƛǎƪ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΣ ǎǳŎƘ ŀƴ ƻǳǘŎƻƳŜ ƛǎ ƛƴƘŜǊŜƴǘ ǘƻ ǇƭŀƴƴƛƴƎ ƻōƧŜŎǘƛǾŜǎ ǘƘŀǘ 
ǎŜŜƪ ǘƻ ǊŜŘǳŎŜ ǊŜƎǳƭŀǘƻǊȅ ōǳǊŘŜƴǎ ŦƻǊ ōƻǘƘ bh!! ŀƴŘ ǘƘƻǎŜ ǇǊƻƳƻǘƛƴƎ ƴƻƛǎŜ-ǇǊƻŘǳŎƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ōȅ 
ƛƳǇǊƻǾƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ǇƭŀŎŜ-ōŀǎŜŘ ŎǊƻǎǎ-ǎŜŎǘƻǊŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƳǇŀǘƛōƛƭƛǘȅ όbŀǘƛƻƴŀƭ 
hŎŜŀƴ /ƻǳƴŎƛƭ нлмоōύΦ 
 
aŀǊƛƴŜ ǇƭŀƴƴƛƴƎ ǎŜŜƪǎ ǘƻ ǎǳǇǇƻǊǘ ǎǘŀǘǳǘƻǊƛƭȅ-ŘƛǊŜŎǘŜŘ Ŏƻƴǎǳƭǘŀǘƛƻƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ 
ŀǎǎŜǎǎƳŜƴǘ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŀǊŜ ǎǘŀƴŘŀǊŘƭȅ ǳǎŜŘ ǘƻ ŀŘŘǊŜǎǎ ƴƻƛǎŜ ƛƳǇŀŎǘǎ ό¢ŀōƭŜ н-нύΦ wŜƎƛǎǘǊƛŜǎ ƻŦ 
ŦŜŘŜǊŀƭƭȅ ǇŜǊƳƛǘǘŜŘ ƴƻƛǎŜ-ǇǊƻŘǳŎƛƴƎ ŜǾŜƴǘǎ ǿƻǳƭŘ ŀƭƭƻǿ bh!!Σ ƛƴ ŎƻƴŎŜǊǘ ǿƛǘƘ ƭƻƴƎ ǘŜǊƳ ƳƻƴƛǘƻǊƛƴƎ 
ŎŀǇŀōƛƭƛǘƛŜǎΣ ǘƻ ƎǳƛŘŜ ǇǊƻƧŜŎǘ-ǎǇŜŎƛŦƛŎ Ŏƻƴǎǳƭǘŀǘƛƻƴ ŀŎǘƛǾƛǘȅ ǳƴŘŜǊ ǘƘŜ 9{!Σ ba{! ŀƴŘ a{C/a! ǘƻǿŀǊŘǎ 
ƭƻƴƎŜǊ-ǘŜǊƳ ƳƛǘƛƎŀǘƛƻƴ ŘŜǎƛƎƴǎ ǘƻ ŀŘŘǊŜǎǎ ƴƻƛǎŜ ǎƻǳǊŎŜǎ ǘƘŀǘ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ōŜƛƴƎ ŘƻƳƛƴŀƴǘ 
ŎƻƴǘǊƛōǳǘƻǊǎ ǘƻ ōƻǘƘ ŀŎŎǳƳǳƭŀǘŜŘ ŀŎǳǘŜ ŀƴŘ ŎƘǊƻƴƛŎ ƴƻƛǎŜ ƛƴ ƘƛƎƘ Ǌƛǎƪ ŀŎƻǳǎǘƛŎ ƘŀōƛǘŀǘǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ 
άǇǊƻƎǊŀƳƳŀǘƛŎέ b9t! ŜǾŀƭǳŀǘƛƻƴǎ ŀƴŘ Ŏƻƴǎǳƭǘŀǘƛƻƴǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ōŜƛƴƎ ǇŜǊŦƻǊƳŜŘ ōȅ ŀƎŜƴŎƛŜǎ ǿƛǘƘ 
ŘƛǊŜŎǘ ǊŜƎǳƭŀǘƻǊȅ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ ƴƻƛǎŜ-ǇǊƻŘǳŎƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ό/ƻǳƴŎƛƭ ƻƴ 9ƴǾƛǊƻƴƳŜƴǘŀƭ vǳŀƭƛǘȅ нлмпύΣ 
ƻŦǘŜƴ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ bh!!Φ ¢ƘŜǎŜ ŀŎǘƛƻƴǎ ǎŜŜƪ ǘƻ ŀǎǎŜǎǎ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǇƻǇǳƭŀǘƛƻƴǎΣ ǎǇŜŎƛŜǎ ŀƴŘ 
ǇƭŀŎŜǎ ƻǾŜǊ ǊŜƎƛƻƴǎ ŀƴŘ Ƴǳƭǘƛ-ǊŜƎƛƻƴǎ ŀƴŘ ƻǾŜǊ Ƴǳƭǘƛ-ȅŜŀǊ ǘƛƳŜ ǇŜǊƛƻŘǎΦ /ƻƻǇŜǊŀǘƛǾŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǎŜǉǳŜƴŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ƴƻƛǎŜ ŎƻƴǎŜǉǳŜƴŎŜΣ ƻŦ ƭƻƴƎŜǊ-ǘŜǊƳ ŀƴŘ ǿƛŘŜǊ-ǊŀƴƎƛƴƎ ŀŎǘƛǾƛǘȅ ƛǎ 
ƛƳǇǊƻǾƛƴƎ ƛƴǘŜǊŀƎŜƴŎȅ ƛƴŦƻǊƳŀǘƛƻƴ ǎƘŀǊƛƴƎ ŀƴŘ ǎǳǇǇƻǊǘƛƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ǘƻƻƭǎ ǘƻ ǎǳǇǇƻǊǘ Ǌƛǎƪ 
ŀǎǎŜǎǎƳŜƴǘ ŀǘ ǘƘŜǎŜ ǎŎŀƭŜǎΦ  {ǳŎƘ ǘƻƻƭǎ ǿƻǳƭŘ ōŜƴŜŦƛǘ ŦǊƻƳ ƛƴǘŜǊŀƎŜƴŎȅ ŎƻƻǇŜǊŀǘƛƻƴ ǘƻ ƎŜƴŜǊŀǘŜ ŀƴŘ 
ŎƻƴǘǊƛōǳǘŜ ǘƻ ǊŜƎƛǎǘǊƛŜǎ ƻŦ ƴƻƛǎȅ ŜǾŜƴǘǎΣ ŀƴŘ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƻ ƛƳǇǊƻǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ŀŎǘǳŀƭƛȊŜŘ 
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ǾŜǊǎǳǎ ǇǊƻǇƻǎŜŘ ŀŎǘƛǾƛǘȅ ǇǊƻŦƛƭŜǎΦ tǊƻƎǊŀƳƳŀǘƛŎ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘǎ ŀƴŘ Ŏƻƴǎǳƭǘŀǘƛƻƴǎ ŀƭǎƻ ƘŀǾŜ ǘƘŜ 
ǇƻǘŜƴǘƛŀƭ ǘƻ ƛƳǇǊƻǾŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƴƻƛǎŜ ōǳŘƎŜǘǎ ǿƛǘƘƛƴ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ƻŦ ƳŀƴŀƎŜƳŜƴǘ ŎƻƴŎŜǊƴ 
ǘƘǊƻǳƎƘ ƭƻƴƎŜǊ-ǘŜǊƳ ƳƻƴƛǘƻǊƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ 
 
CƛƴŀƭƭȅΣ ƛƳǇǊƻǾŜŘ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴǎ ƻŦ ŀŎŎǳƳǳƭŀǘŜŘ ƴƻƛǎȅ ŀŎǘƛǾƛǘȅ ǿƻǳƭŘ ǎǳǇǇƻǊǘ bh!!Ωǎ ŘŜŎƛǎƛƻƴǎ 
ǊŜƎŀǊŘƛƴƎ ǳǎŜ ƻŦ ǘƘŜ ŀƎŜƴŎȅΩǎ ǎǘŀǘǳǘƻǊȅ ŀǳǘƘƻǊƛǘƛŜǎ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ƭƻŎŀƭƛȊŜŘ ǇǊƻǘŜŎǘƛƻƴ ŦƻǊ ŀŎƻǳǎǘƛŎ 
ƘŀōƛǘŀǘǎΦ bh!! Ƙŀǎ ŀǇǇƭƛŜŘ ƛǘǎ ƎŜƴŜǊŀƭƛȊŜŘ ŀǳǘƘƻǊƛǘƛŜǎ ǳƴŘŜǊ ǘƘŜ aat! ŀƴŘ 9{! ό¢ŀōƭŜ н-нύ ǘƻ ǊŜƎǳƭŀǘŜ 
ǎƘƛǇ ǎǇŜŜŘǎ ƛƴ ŀǊŜŀǎ ŀƴŘ ŘǳǊƛƴƎ ǘƛƳŜ ǇŜǊƛƻŘǎ ǿƘŜƴ Ǌƛǎƪǎ ƻŦ Ŏƻƭƭƛǎƛƻƴ ǿƛǘƘ bƻǊǘƘ !ǘƭŀƴǘƛŎ ǊƛƎƘǘ ǿƘŀƭŜǎ ŀǊŜ 
ƘŜƛƎƘǘŜƴŜŘΦ ¢ƘŜǎŜ ǊŜƎǳƭŀǘƛƻƴǎ ǘƘǳǎ ŀǇǇƭƛŜŘ ǊŀƴƎŜ-ǿƛŘŜ ŀǳǘƘƻǊƛǘƛŜǎ ǘƻ ŘƛǊŜŎǘ ƭƻƴƎ-ǘŜǊƳΣ ǘƘƻǳƎƘ ƳƻǊŜ 
ǎǇŀǘƛŀƭƭȅ ǊŜǎǘǊƛŎǘŜŘΣ ƳƛǘƛƎŀǘƛƻƴ ƛƴ ǘŀǊƎŜǘŜŘ ŀǊŜŀǎΦ aƻƴƛǘƻǊƛƴƎ ǊŜǉǳƛǊŜŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘƛǎ ŀŎǘƛƻƴ Ƙŀǎ ƛƴ ǘǳǊƴ 
ǎǳǇǇƻǊǘŜŘ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ Ŏƻƭƭƛǎƛƻƴ ǊƛǎƪΣ ŀǎ ǿŜƭƭ ŀǎ ƳŜŀǎǳǊƛƴƎ ŎƻƳǇƭƛŀƴŎŜ ŀƴŘ ƛƴŦƻǊƳƛƴƎ 
ŜƴŦƻǊŎŜƳŜƴǘ ŀŎǘƛƻƴǎ ŀǎ ƴŜŎŜǎǎŀǊȅΦ  {ǳŎƘ ƎŜƴŜǊŀƭƛȊŜŘ ŀǳǘƘƻǊƛǘƛŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ŀƎŜƴŎȅ ǿƛǘƘƛƴ 
ǎŜǾŜǊŀƭ ǎǘŀǘǳǘŜǎΣ ŀƴŘ ǇǊƻǾƛŘŜ ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ŜǎǘŀōƭƛǎƘƛƴƎ ƭƻƴƎ-ǘŜǊƳ ƳƛǘƛƎŀǘƛƻƴ όŜΦƎΦΣ ǎŜŀǎƻƴŀƭ ƻǊ ȅŜŀǊ-
ǊƻǳƴŘ ŜȄŎƭǳǎƛƻƴ ƻǊ ǊŜŘǳŎǘƛƻƴ ƛƴ ƴƻƛǎȅ ŀŎǘƛǾƛǘȅ ƭŜǾŜƭǎΣ ǳǎŜ ƻŦ ǉǳƛŜǘŜǊ ǘŜŎƘƴƻƭƻƎȅύ ƛƴ ŀ ƘƛƎƘ Ǌƛǎƪ ŀŎƻǳǎǘƛŎ 
ƘŀōƛǘŀǘΦ {ǳŎƘ ŀŎǘƛƻƴǎ Ƴǳǎǘ ōŜ ǎǳǇǇƻǊǘŜŘ ōȅ ŀ ƴŜŜŘǎ ŀƴŀƭȅǎƛǎ ŘƻŎǳƳŜƴǘƛƴƎ ǘƘŜ ŘŜǘǊƛƳŜƴǘŀƭ όŀƭǘƘƻǳƎƘ 
Ƴƻǎǘƭȅ ǎǳō-ƭŜǘƘŀƭύ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ǘƘŜ ƴƻƛǎŜ ǎƻǳǊŎŜόǎύ ǘƘŀǘ ǿƛƭƭ ōŜ ƳƛǘƛƎŀǘŜŘΣ ƻƴ ǘŀǊƎŜǘŜŘ bh!!-
ƳŀƴŀƎŜŘ ǊŜǎƻǳǊŎŜόǎύΣ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ άōŀǎƛǎ ŀƴŘ ǇǳǊǇƻǎŜέ ƻŦ ǘƘŜ ǊǳƭŜƳŀƪƛƴƎΦ Lƴ ŀŘŘƛǘƛƻƴΣ bh!!Ωǎ 
ǎǳǇǇƻǊǘ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ /ŜǘŀŎŜŀƴ .ƛƻƭƻƎƛŎŀƭƭȅ LƳǇƻǊǘŀƴǘ !ǊŜŀǎ Ƙŀǎ ƛŘŜƴǘƛŦƛŜŘ ǇƭŀŎŜǎΣ ŀŘŘƛǘƛƻƴŀƭ 
ǘƻ ǘƘƻǎŜ ŘŜŦƛƴŜŘ ŀǎ ŎǊƛǘƛŎŀƭ ŦƻǊ 9{!-ƭƛǎǘŜŘ ǎǇŜŎƛŜǎΣ ǘƻ ƛƴŦƻǊƳ ƳŀƴŀƎŜƳŜƴǘ ŀŎǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ Ƴŀƴȅ 
ǇŜǊƳƛǘǘƛƴƎ ŀƴŘ Ŏƻƴǎǳƭǘŀǘƛƻƴ ŀŎǘƛƻƴǎ ŎǳǊǊŜƴǘƭȅ ōŜƛƴƎ ǘŀƪŜƴ ǘƻ ŀŘŘǊŜǎǎ ƴƻƛǎŜ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜǎŜ ǎǇŜŎƛŜǎΦ  
Wǳǎǘ ŀǎ ǘƘŜǎŜ ŀǊŜŀǎ ǿƛƭƭ ōŜ ƳƻŘƛŦƛŜŘ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ǘƻ ǊŜŦƭŜŎǘ ŀŘŘƛǘƛƻƴŀƭ ǎŎƛŜƴǘƛŦƛŎ ƛƴŦƻǊƳŀǘƛƻƴΣ ǘƘŜƛǊ 
ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ƳŀƴŀƎŜƳŜƴǘ ŀŎǘƛƻƴǎ ǎƘƻǳƭŘ ōŜ ŜǾŀƭǳŀǘŜŘ ƻǾŜǊ ǘƛƳŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ǘƘŜȅ ŀǊŜ 
ŜŦŦŜŎǘƛǾŜ ƛƴ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ŎƻƴŘƛǘƛƻƴ ƻŦ ǘƘŜ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ǘƘŜȅ ŎƻƴǘŀƛƴΦ [ƻƴƎ-ǘŜǊƳ ƳƻƴƛǘƻǊƛƴƎ ǿƛǘƘƛƴ 
ōƛƻƭƻƎƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ŀǊŜŀǎ ŀƴŘ ŎǊƛǘƛŎŀƭ Ƙŀōƛǘŀǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƘƛƎƘƭȅ ǾǳƭƴŜǊŀōƭŜ ŀƴŘ ŀŎƻǳǎǘƛŎŀƭƭȅ 
ǎŜƴǎƛǘƛǾŜ ŎŜǘŀŎŜŀƴ ǇƻǇǳƭŀǘƛƻƴǎ όŜΦƎΦΣ {ƻǳǘƘŜǊƴ wŜǎƛŘŜƴǘ YƛƭƭŜǊ ²ƘŀƭŜǎΣ bƻǊǘƘ !ǘƭŀƴǘƛŎ wƛƎƘǘ ²ƘŀƭŜǎΣ /ƻƻƪ 
LƴƭŜǘ .ŜƭǳƎŀ ²ƘŀƭŜǎύ ǿƛƭƭ ōŜ ŎǊƛǘƛŎŀƭ ǘƻ ŜǎǘŀōƭƛǎƘƛƴƎ ōŀǎŜƭƛƴŜǎ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ǎǳŎŎŜǎǎ ƻŦ Ƴǳƭǘƛ-ŀŎǘƛƻƴ 
ƳƛǘƛƎŀǘƛƻƴΣ ŀƴŘ ŘŜǘŜǊƳƛƴƛƴƎ ǿƘŜǘƘŜǊ ŜȄƛǎǘƛƴƎ ƻǊ ŀŘŘƛǘƛƻƴŀƭ ǇƭŀŎŜ-ōŀǎŜŘ ƳŀƴŀƎŜƳŜƴǘ ŀǳǘƘƻǊƛǘƛŜǎ ŀǊŜ ƻǊ 
ǿƻǳƭŘ ōŜ ŜŦŦŜŎǘƛǾŜΦ 
 
wŜŀƭƛȊŜ ǘƘŜ tƻǘŜƴǘƛŀƭ ƻŦ bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎ 
¢ƘŜ ŀŎǘƛǾƛǘƛŜǎ ŘƛǎŎǳǎǎŜŘ ŀōƻǾŜ ǎŜŜƪ ǘƻ ŀŘŘǊŜǎǎ ǿƛŘŜ-ǊŀƴƎƛƴƎΣ ǊŜǇŜŀǘŜŘΣ ŀƴŘ ƭƻƴƎ-ǘŜǊƳ ƴƻƛǎŜ ŜȄǇƻǎǳǊŜ ōȅ 
ƭŜǾŜǊŀƎƛƴƎ bh!!Ωǎ ǎǇŜŎƛŜǎ- ŀƴŘ Ƙŀōƛǘŀǘ-ǎǇŜŎƛŦƛŎ ŀǳǘƘƻǊƛǘƛŜǎ ǘƻ ŀŎƘƛŜǾŜ ƴƻƛǎŜ ǊŜŘǳŎǘƛƻƴ ōŜƴŜŦƛǘǎ ǿƛǘƘƛƴ 
ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ǿƘŜǊŜ ǘŀǊƎŜǘ ǎǇŜŎƛŜǎ Ŏƻ-ŜȄƛǎǘ ǿƛǘƘ Ƴŀƴȅ ƻǘƘŜǊ ŀŎƻǳǎǘƛŎŀƭƭȅ-ǎŜƴǎƛǘƛǾŜ ŀƴŘ ŀŎǘƛǾŜ ǎǇŜŎƛŜǎΦ  
¢ƘŜȅ ŀƭǎƻ ǎŜŜƪ ǘƻ ƛƴǘŜǊŦŀŎŜ ǿƛǘƘ ŜŎƻǎȅǎǘŜƳ-ǇǊƻǘŜŎǘƛƻƴ ŦǊŀƳŜǿƻǊƪǎ ǎǳŎƘ ŀǎ bh!!Ωǎ Iŀōƛǘŀǘ .ƭǳŜǇǊƛƴǘ 
ŜŦŦƻǊǘ ŀƴŘ ǘƘŜ ¦Φ{Φ bhtΦ  bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎΣ ƘƻǿŜǾŜǊΣ ǊŜǇǊŜǎŜƴǘ ƪŜȅ bh!! ŀǎǎŜǘǎ ǘƻ ŀŎƘƛŜǾŜ 
ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ Ǝƻŀƭǎ ƻŦ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ǇǊƻǘŜŎǘƛƻƴΣ ŘǳŜ ǘƻ ǘƘŜƛǊ ƳŀƴŘŀǘŜ ǘƻ ǇǊƻǘŜŎǘ ǿƘƻƭŜ ŀƴŘ 
ŦǳƴŎǘƛƻƴƛƴƎ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳǎ ό¢ŀōƭŜ н-нύΦ DƛǾŜƴ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǎƻǳƴŘ ǘƻ ǎǳǊǾƛǾƻǊǎƘƛǇ ŀƴŘ ǿŜƭƭ-
ōŜƛƴƎ ƻŦ ŘƛǾŜǊǎŜ ƳŀǊƛƴŜ ǎǇŜŎƛŜǎ ŀƴŘ ŜŎƻǎȅǎǘŜƳǎΣ ǘƘƛǎ ŜŎƻǎȅǎǘŜƳ ǇǊƻǘŜŎǘƛƻƴ ƳŀƴŘŀǘŜ ŜȄǘŜƴŘǎ ǘƻ 
ŜŎƻƭƻƎƛŎŀƭƭȅ-ƛƳǇƻǊǘŀƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƭƛƪŜ ǎƻǳƴŘ ŀƴŘ ǘƘǳǎ ǘƻ ǘƘŜ ƳŀƛƴǘŜƴŀƴŎŜ ƻǊ 
ǊŜǎǘƻǊŀǘƛƻƴ ƻŦ ǾƛŀōƭŜ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ŦƻǊ ŀ ǊŀƴƎŜ ƻŦ ŀŎƻǳǎǘƛŎŀƭƭȅ ǎŜƴǎƛǘƛǾŜ ǎǇŜŎƛŜǎ ǘƘŀǘ ƛƴƘŀōƛǘ 
ǎŀƴŎǘǳŀǊƛŜǎΦ tǊŜǎŜǊǾƛƴƎΣ ǊŜǎǘƻǊƛƴƎΣ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ƴŀǘǳǊŀƭ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ǿƛǘƘƛƴ ǎŀƴŎǘǳŀǊƛŜǎ ƛǎ ŀ 
ŎƻƳǇƭŜȄ ŜƴŘŜŀǾƻǊΣ ƛƴǾƻƭǾƛƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ǎŎƛŜƴǘƛŦƛŎ ŎŀǇŀōƛƭƛǘƛŜǎΣ ƴŜǿ ƳŀƴŀƎŜƳŜƴǘ ƳŜŀǎǳǊŜǎ 
ŀƴŘ ǇǊƻŎŜǎǎŜǎΣ ŀƴŘ ƻǳǘǊŜŀŎƘ ǇǊƻƎǊŀƳǎΦ 
 
/ǳǊǊŜƴǘƭȅΣ ƻƴƭȅ п bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎ ό{ǘŜƭƭǿŀƎŜƴ .ŀƴƪΣ hƭȅƳǇƛŎ /ƻŀǎǘΣ /ƻǊŘŜƭƭ .ŀƴƪ ŀƴŘ 
/ƘŀƴƴŜƭ LǎƭŀƴŘǎύ ŀǊŜ ƻǇŜǊŀǘƛƴƎ ƭƻƴƎ-ǘŜǊƳ ǇŀǎǎƛǾŜ ŀŎƻǳǎǘƛŎ ƳƻƴƛǘƻǊƛƴƎ ǎȅǎǘŜƳǎΦ hǘƘŜǊ ǎƛǘŜǎ Řƻ ǎƻ 
ǇŜǊƛƻŘƛŎŀƭƭȅ ƻǊ ŀǊŜ ŘŜǾŜƭƻǇƛƴƎ ƭƻƴƎŜǊ-ǘŜǊƳ ǎƻǳƴŘǎŎŀǇŜ ǊŜǎŜŀǊŎƘ ǇǊƻƎǊŀƳǎ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ŀŎŀŘŜƳƛŎ 
ƛƴǎǘƛǘǳǘƛƻƴǎΦ ¢ƘŜ hŦŦƛŎŜ ƻŦ bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎ ƛǎ ǎŜŜƪƛƴƎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜǎŜ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ 
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ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ bh!!Ωǎ tŀŎƛŦƛŎ aŀǊƛƴŜ 9ƴǾƛǊƻƴƳŜƴǘŀƭ [ŀōƻǊŀǘƻǊȅΣ bh!! CƛǎƘŜǊƛŜǎΣ ŀƴŘ ǘƘŜ ¦Φ{Φ 
bŀǘƛƻƴŀƭ tŀǊƪ {ŜǊǾƛŎŜ όbt{ύ ǘƘǊƻǳƎƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ bh!! bƻƛǎŜ wŜŦŜǊŜƴŎŜ {ǘŀǘƛƻƴ bŜǘǿƻǊƪ 
όbh!! CƛǎƘŜǊƛŜǎ нлмрōύΦ ¢ƘŜ ƳŀǘǳǊŀǘƛƻƴ ƻŦ ǘƘŜ bŀǘǳǊŀƭ {ƻǳƴŘǎ ŀƴŘ bƛƎƘǘ {ƪƛŜǎ 5ƛǾƛǎƛƻƴ ǿƛǘƘƛƴ ǘƘŜ bt{ 
Ƙŀǎ ǎƘƻǿŎŀǎŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ǎȅǎǘŜƳ-ǿƛŘŜΣ ǎǘŀƴŘŀǊŘƛȊŜŘΣ ŎŀƭƛōǊŀǘŜŘ ŀƴŘ ƭƻƴƎ-ǘŜǊƳ ƴƻƛǎŜ 
ƳŜŀǎǳǊŜƳŜƴǘ ŎŀǇŀōƛƭƛǘȅ ǘƻ ǎǳǇǇƻǊǘ ǎƛǘŜ-ōŀǎŜŘ ōǳǘ ŎƻƻǊŘƛƴŀǘŜŘ ƴƻƛǎŜ ƳŀƴŀƎŜƳŜƴǘ ƻōƧŜŎǘƛǾŜǎ όIŀǘŎƘ ϧ 
CǊƛǎǘǊǳǇ нллфύΦ !ǘ {ǘŜƭƭǿŀƎŜƴ .ŀƴƪ bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊȅΣ ǿƘŜǊŜ ǇŀǎǎƛǾŜ ŀŎƻǳǎǘƛŎ ƳƻƴƛǘƻǊƛƴƎ Ƙŀǎ 
ƳƻǊŜ ƭƻƴƎŜǾƛǘȅΣ ƘƛƎƘŜǊ-ǊŜǎƻƭǳǘƛƻƴ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜǎ ƻƴ ŎƘŀǊŀŎǘŜǊƛȊƛƴƎ ŀŎƻǳǎǘƛŎ ǾŀǊƛŀōƛƭƛǘȅ ŀƳƻƴƎ ŘƛŦŦŜǊŜƴǘ 
Ƙŀōƛǘŀǘ ǘȅǇŜǎΣ ŎƻƴǘƛƴǳƛƴƎ ǘƻ ŘƻŎǳƳŜƴǘ ǎǇŜŎƛŜǎ-ǎǇŜŎƛŦƛŎ ŀŎƻǳǎǘƛŎ ōŜƘŀǾƛƻǊǎΣ ŀƴŘ ƛŘŜƴǘƛŦȅƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ǎƛƎƴŀƭǎ ƻŦ ǊŜƭŜǾŀƴŎŜ ǘƻ ǎŀƴŎǘǳŀǊȅ ǎǇŜŎƛŜǎΦ  
 
²ƘƛƭŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ƛƴ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎΣ ōƻǘƘ ǘŜǊǊŜǎǘǊƛŀƭ ŀƴŘ ŀǉǳŀǘƛŎΣ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ƴŜǿ 
ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴ ŀŎǘƛǾƛǘȅΣ bŀǘƛƻƴŀƭ tŀǊƪǎ ƘŀǾŜ ōŜŜƴ ƻǇŜǊŀǘƛƴƎ ǳƴŘŜǊ ŘŜŦƛƴŜŘ ǎƻǳƴŘǎŎŀǇŜ 
ƳŀƴŀƎŜƳŜƴǘ ǇƻƭƛŎƛŜǎ ŦƻǊ ƻǾŜǊ ŀ ŘŜŎŀŘŜ όbt{ нлллΣ нллсύΦ YŜȅ ƭŜǎǎƻƴǎ ƘŀǾŜ ŜƳŜǊƎŜŘ ǘƘŀǘ ǎƘƻǳƭŘ ōŜ 
ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ŀǎ bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎ ǎŜŜƪ ǘƻ ŘƛƎŜǎǘ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ǎǘŀǘǳǎ ŀƴŘ ǘǊŜƴŘ 
ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ƻǊŘŜǊ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ŜŦŦŜŎǘǎ ŀƴŘ ŜǎǘŀōƭƛǎƘ ƻōƧŜŎǘƛǾŜǎ ŦƻǊ ǘƘǊŜŀǘ ǊŜŘǳŎǘƛƻƴΦ ¢ƘŜ 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƳŜǘǊƛŎǎ ƛǎ ŀ ŎƻƴǘǊƻǾŜǊǎƛŀƭ ǎǘŜǇ ƛƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǘƘǊŜŀǘ ƳŀƴŀƎŜƳŜƴǘΦ  .ƻǘƘ bh!! ŀƴŘ 
bt{ ƘŀǾŜ ƭŜŀǊƴŜŘ ǘƘŀǘ ǘƘǊŜǎƘƻƭŘǎΣ ƛƴ ŀƴŘ ƻŦ ǘƘŜƳǎŜƭǾŜǎΣ ōŜŎƻƳŜ ǎƘƻǊǘ-ƘŀƴŘ ŦƻǊ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ 
ŀƎŜƴŎȅΩǎ ōǊƻŀŘŜǊ ǇŜǊǎǇŜŎǘƛǾŜ ŦƻǊ Ƙƻǿ ƴƻƛǎŜ ƛƴŦƭǳŜƴŎŜǎ ǿƛƭŘƭƛŦŜΦ ¢ƘǳǎΣ ŜŦŦŜŎǘ ƳŜǘǊƛŎǎ ǎƘƻǳƭŘ ƛŘŜƴǘƛŦȅ ŀƴŘ 
ŎƻƳƳǳƴƛŎŀǘŜ ǇǊƻǘŜŎǘƛƻƴ ǘŀǊƎŜǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀŎŎŜǇǘŀōƭŜ ƭŜǾŜƭǎ ƻŦ ōƛƻƭƻƎƛŎŀƭ ŜŦŦŜŎǘΣ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ 
ƭŜǾŜƭǎ ƻŦ ƴƻƛǎŜ ǘƘŀǘ ŀǊŜ ǇǊŜŘƛŎǘŜŘ ǘƻ ǇǊƻŘǳŎŜ ǘƘƻǎŜ ŜŦŦŜŎǘǎΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǇŀǊƪǎ ƘŀǾŜ ōŜŜƴ ǎǳŎŎŜǎǎŦǳƭ ƛƴ 
ǘǊŀƴǎƭŀǘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ƴƻƛǎŜ ƛƴŦƭǳŜƴŎŜ ǿƛǘƘƛƴ ǘƘŜƛǊ ǎƻǳƴŘǎŎŀǇŜǎ ƛƴǘƻ ƳŜǘǊƛŎǎ ƻŦ ŀŎŎŜǇǘŀōƭŜ ƻǊ 
ǳƴŀŎŎŜǇǘŀōƭŜ ƭŜǾŜƭǎ ƻŦ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƛƴǘŜǊŦŜǊŜƴŎŜΣ ǎƭŜŜǇ ŘƛǎǘǳǊōŀƴŎŜ ŀƴŘ ƭƻǎǘ ƭƛǎǘŜƴƛƴƎ ŎŀǇŀōƛƭƛǘȅ όbt{ 
нлмлύΦ {ǳŎƘ ƳŜǘǊƛŎǎ ŀǊŜ ǊŜƭŀǘŀōƭŜ ǘƻ ǇŜƻǇƭŜ όŜΦƎΦΣ ǾƛǎƛǘƻǊǎ ŀƴŘ ƳŀƴŀƎŜǊǎύ ŀǎ ǿŜƭƭ ŀǎ ǇŀǊƪ ǿƛƭŘƭƛŦŜΣ ŀƴŘ 
ǎȅƴǘƘŜǎƛȊŜ ƛƳǇŀŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ Ƴŀƴȅ ǘȅǇŜǎ ƻŦ ƴƻƛǎŜ ŜȄǇƻǎǳǊŜ όŜΦƎΦΣ ǊŀǊŜ ǎǳŘŘŜƴ ƭƻǳŘ ŜǾŜƴǘǎΣ 
ŀŎŎǳƳǳƭŀǘŜŘ ŘƛǎǊǳǇǘƛǾŜ ƴƻƛǎŜ ŜǾŜƴǘǎ ŀƴŘ Ŏƻƴǘƛƴǳƻǳǎ ōŀŎƪƎǊƻǳƴŘ ƴƻƛǎŜύΦ  
 
¢ƘŜ bŀǘƛƻƴŀƭ tŀǊƪ ǎƻǳƴŘǎŎŀǇŜ ƳŀƴŀƎŜƳŜƴǘ ŜȄǇŜǊƛŜƴŎŜ ŦǳǊǘƘŜǊ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǎƛǘŜǎ ǿƛǘƘƛƴ ŀ ǎȅǎǘŜƳ Ƴŀȅ 
ƻǊ Ƴŀȅ ƴƻǘ ǎƘŀǊŜ ŜŦŦŜŎǘ ƭŜǾŜƭ ǘŀǊƎŜǘǎ ŦƻǊ ƳŀƴŀƎŜƳŜƴǘΦ ±ŀǊƛŀǘƛƻƴ ŀƳƻƴƎ ǎƛǘŜǎ ƛƴ ŜŦŦŜŎǘ ǊŜŘǳŎǘƛƻƴ ƻǊ 
ƳŀƛƴǘŜƴŀƴŎŜ ƻōƧŜŎǘƛǾŜǎ ǿƛƭƭ ōŜ ŘǊƛǾŜƴ ōȅ ŀ ǊŀƴƎŜ ƻŦ ŦŀŎǘƻǊǎΣ ƛƴŎƭǳŘƛƴƎΣ ōǳǘ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻΣ ǘƘŜ ǎǘŀǘǳǎ ƻŦ 
ƴŀǘǳǊŀƭ ŀƴŘ ƘǳƳŀƴ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ǘƘŜƛǊ ǎƻǳƴŘǎŎŀǇŜǎ ŀƴŘ ǇǊƛƻǊƛǘƛȊŀǘƛƻƴ ƻŦ ƴƻƛǎŜ ǇǊƻǘŜŎǘƛƻƴ ǊŜƭŀǘƛǾŜ ǘƻ 
ƻǘƘŜǊ ƳŀƴŀƎŜŘ ǘƘǊŜŀǘǎΦ IƻǿŜǾŜǊΣ ƭƻƴƎ-ǘŜǊƳ ƳŀƴŀƎŜƳŜƴǘ ŀŎǘƛƻƴ Ƴǳǎǘ ǊŜŦŜǊŜƴŎŜ ǎƛǘŜ-ǎǇŜŎƛŦƛŎ ŜǎǘƛƳŀǘŜǎ 
ƻŦ ǇǊŜ-ƛƴŘǳǎǘǊƛŀƭ ƭŜǾŜƭǎ ŀǎ ōŀǎŜƭƛƴŜǎ ŦƻǊ ƛƴǘŜǊǇǊŜǘƛƴƎ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘǎ ōƛƻƭƻƎƛŎŀƭƭȅ-ǊŜƭŜǾŀƴǘ ǊŜŎƻǾŜǊȅΦ ¢ƘŜ 
ǊŜŦŜǊŜƴŎŜ ŎƻƴŘƛǘƛƻƴ ŦƻǊ ǇŀǊƪ ǎƻǳƴŘǎŎŀǇŜ ƳŀƴŀƎŜƳŜƴǘ ƛǎ ŎƭŜŀǊƭȅ ǎǇŜŎƛŦƛŜŘ ǘƻ ōŜ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭΣ ƴƻƛǎŜ-ŦǊŜŜ 
ŜƴǾƛǊƻƴƳŜƴǘ όbt{ нллсΣ ǎŜŎǘƛƻƴ уΦнΦоύΦ {ŀƴŎǘǳŀǊȅ ƳŀƴŀƎŜƳŜƴǘ ǎƘƻǳƭŘ ǊŜŎƻƎƴƛȊŜ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 
ƳŜŀǎǳǊƛƴƎ ƻǊ ŜǎǘƛƳŀǘƛƴƎ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ƴƻƛǎŜ-ŦǊŜŜ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ ŎƻƴŘƛǘƛƻƴǎ ǘƻ ŎŀƭƛōǊŀǘŜ ƛƴŎǊŜƳŜƴǘŀƭ 
ǇǊƻǘŜŎǘƛǾŜ ŀŎǘƛƻƴ ōƻǘƘ ǿƛǘƘƛƴ ǎƛǘŜǎ ŀǎ ǿŜƭƭ ŀǎ ŀƳƻƴƎ ǎƛǘŜǎΦ 
 
!ŎƘƛŜǾƛƴƎ ƴƻƛǎŜ ƳŀƴŀƎŜƳŜƴǘ Ǝƻŀƭǎ ǿƛǘƘƛƴ bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎ ǿƛƭƭ ǊŜǉǳƛǊŜ Ƴǳƭǘƛ-ŦŀŎŜǘŜŘ ŀŎǘƛƻƴΦ 
{ƻƳŜ ǎƻǳǊŎŜǎ ƻŦ Řƛǎǘŀƴǘ ǇǊƻǇŀƎŀǘƛƴƎ ƴƻƛǎŜΣ ŀǎ ŘƛǎŎǳǎǎŜŘ ŀōƻǾŜΣ ǿƛƭƭ ǊŜǉǳƛǊŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŀǎ ǿŜƭƭ ŀǎ ƻǘƘŜǊ 
ŘƻƳŜǎǘƛŎ ŀŎǘƛǾƛǘȅΦ IƻǿŜǾŜǊΣ ǇǊƻǇƻǎŜŘ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ Ƴŀȅ ό{ǘŜƭƭǿŀƎŜƴ .ŀƴƪύ ƻǊ ŀǊŜ ƭƛƪŜƭȅ ǘƻ όŀƭƭ ƻǘƘŜǊ 
ǎŀƴŎǘǳŀǊƛŜǎύ ǊŜǎǳƭǘ ƛƴ ƛƴƧǳǊȅ ǘƻ ǎŀƴŎǘǳŀǊȅ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ǊŜǉǳƛǊŜŘ ǘƻ Ŏƻƴǎǳƭǘ ǿƛǘƘ bh!! όǎŜŜ ¢ŀōƭŜ н-нύΦ 
¢Ƙƛǎ ǊŜǉǳƛǊŜƳŜƴǘ ƛƴŎƭǳŘŜǎ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ŀǊŜ ŀƴŘ ŀǊŜ ƴƻǘ ǇǊƻƘƛōƛǘŜŘ ŦǊƻƳ ƻŎŎǳǊǊƛƴƎ ǿƛǘƘƛƴ ǎǇŜŎƛŦƛŎ 
ǎŀƴŎǘǳŀǊƛŜǎ ŀƴŘ ƛǘ ƛƴŎƭǳŘŜǎ ŀŎǘƛǾƛǘƛŜǎ ƻŎŎǳǊǊƛƴƎ ƻǳǘǎƛŘŜ ǎŀƴŎǘǳŀǊȅ ōƻǳƴŘŀǊƛŜǎ ŦǊƻƳ ǿƘƛŎƘ ƛƴƧǳǊȅ ƛƴǎƛŘŜ 
ǎŀƴŎǘǳŀǊȅ ōƻǳƴŘŀǊƛŜǎ Ƴŀȅ ƻŎŎǳǊΣ ŀǎ ƛǎ ƻŦǘŜƴ ǘƘŜ ŎŀǎŜ ǿƛǘƘ ƴƻƛǎŜΦ ba{! Ŏƻƴǎǳƭǘŀǘƛƻƴ ǊŜǎǳƭǘǎ ƛƴ 
ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǘƻ ŀŎǘƛƻƴ ŀƎŜƴŎƛŜǎΣ ƴƻǘ ōƛƴŘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŎŀǊǊȅ 
ƭƛŀōƛƭƛǘȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǊŜƧŜŎǘƛƻƴΣ ŀƴŘ ǘƘŜȅ ƻŦŦŜǊ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǎǘǊǳŎǘǳǊŜŘΣ ƭƻƴƎ-ǘŜǊƳ ŘƛŀƭƻƎǳŜ 
ōŜǘǿŜŜƴ bh!! ŀƴŘ ƻǘƘŜǊ ŦŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ǿƛǘƘ ǘƘŜ ǇǳōƭƛŎΣ ǊŜƎŀǊŘƛƴƎ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘ 
ƳŀƴŀƎŜƳŜƴǘ Ǝƻŀƭǎ ŀƴŘ ǎǳƎƎŜǎǘŜŘ ƳƛǘƛƎŀǘƛƻƴ ǘƻ ŀŎƘƛŜǾŜ ǘƘƻǎŜ ƎƻŀƭǎΦ /ƻƴǎǳƭǘŀǘƛƻƴ ŀǳǘƘƻǊƛǘȅ Ŏŀƴ ŀƭǎƻ 
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ƛƴŎŜƴǘƛǾƛȊŜ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ƛƴǾŜǎǘ ƛƴ ǇǊƻƳƛǎƛƴƎ ƴŜǿ ƳƛǘƛƎŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ǳǎŜŘ ƛƴ ǇǊƻȄƛƳƛǘȅ 
ǘƻ ǎŜƴǎƛǘƛǾŜ ƻǊ ǇǊƻǘŜŎǘŜŘ ǎƛǘŜǎΣ ƛƴŎƭǳŘƛƴƎ ǎŀƴŎǘǳŀǊƛŜǎΦ ¢ƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ Ŏƻƴǎǳƭǘŀǘƛƻƴ ŀǳǘƘƻǊƛǘȅ ǘƻ ŀŘŘǊŜǎǎ 
ƴƻƛǎŜ ƛƳǇŀŎǘǎ ǿƛǘƘƛƴ ǎŀƴŎǘǳŀǊƛŜǎ ƛǎ ƎǊƻǿƛƴƎ ŜȄǇƻƴŜƴǘƛŀƭƭȅΣ ōǳǘ ƛǎ ŎǳǊǊŜƴǘƭȅ ƭƛƳƛǘŜŘ ōȅ ǎǘŀŦŦ ŎŀǇŀŎƛǘȅΦ 
bh!!Ωǎ ƻǾŜǊƭŀǇǇƛƴƎ ŀǳǘƘƻǊƛǘƛŜǎ ǿƛǘƘƛƴ ǎŀƴŎǘǳŀǊƛŜǎ ǇǊƻǾƛŘŜ ŀŘŘƛǘƛƻƴŀƭ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ōǊƻŀŘŜƴ ǘƘŜ 
ǇǊƻǘŜŎǘƛǾŜ ǾŀƭǳŜ ƻŦ ǎŀƴŎǘǳŀǊƛŜǎΦ aƻǎǘ ǎŀƴŎǘǳŀǊƛŜǎ ǇǊƻǘŜŎǘ ǊŜǎƛŘŜƴǘ ƻǊ ǎŜŀǎƻƴŀƭ ƳŀǊƛƴŜ ƳŀƳƳŀƭǎΣ ƻǊ 
ŜƴŘŀƴƎŜǊŜŘ ŀƴŘ ǘƘǊŜŀǘŜƴŜŘ ǎǇŜŎƛŜǎΣ ƻǊ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ǊŜŎǊŜŀǘƛƻƴŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ŦƛǎƘ ǎǇŜŎƛŜǎ ŀƴŘ ǘƘŜƛǊ 
ŜǎǎŜƴǘƛŀƭ ƘŀōƛǘŀǘΦ Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ƛƴǘǊŀ-ŀƎŜƴŎȅ Ŏƻƴǎǳƭǘŀǘƛƻƴǎ ǇǊƻǾƛŘŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ bh!! ǘƻ ŜǾŀƭǳŀǘŜ 
ǘƘŜ ƴƻƛǎŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ƛǘǎ ƻǿƴ ŀŎǘƛƻƴǎ όŜΦƎΦΣ ƛǎǎǳŀƴŎŜ ƻŦ LƴŎƛŘŜƴǘŀƭ IŀǊŀǎǎƳŜƴǘ !ǳǘƘƻǊƛȊŀǘƛƻƴǎ ǳƴŘŜǊ 
ǘƘŜ aat!ύ ƻƴ ŀ ǎŀƴŎǘǳŀǊȅ ǊŜǎƻǳǊŎŜΣ ǇǊƻǾƛŘƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ǘƘŜ ŀƎŜƴŎȅ ǘƻ ŎƻƻǊŘƛƴŀǘŜ ŀƴŘ 
ǎǘǊŜƴƎǘƘŜƴ ƛǘǎ ǇǊƻǘŜŎǘƛǾŜ ŎŀǇŀōƛƭƛǘƛŜǎ ŦƻǊ ǎǇŜŎƛŦƛŎ ǎǇŜŎƛŜǎ ǿƛǘƘƛƴ ǘƘŜǎŜ ǎƛǘŜǎΦ {ǳŎƘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀǊŜ ŀƭǎƻ 
ƛƴŎǊŜŀǎƛƴƎƭȅ ōŜƛƴƎ ƛŘŜƴǘƛŦƛŜŘΣ ōǳǘ ŀƎŀƛƴ ŀǊŜ ƭƛƳƛǘŜŘ ōȅ ǎǘŀŦŦ ŎŀǇŀŎƛǘȅΦ 
 
CƛƴŀƭƭȅΣ ōǳǘ ǇŜǊƘŀǇǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘƭȅΣ ǎŀƴŎǘǳŀǊƛŜǎ ŀǊŜ ŀ Ǿƛǘŀƭ bh!! ŀǎǎŜǘ ŦƻǊ ōǳƛƭŘƛƴƎ ƴŜǿ ŎƻƴǎǘƛǘǳŜƴŎƛŜǎ 
ǘƻ ǇǊƻǘŜŎǘ ƻǳǊ Ŏƻŀǎǘǎ ŀƴŘ ƻŎŜŀƴǎ ŀƴŘ ŦƻǊ ŜƴǎǳǊƛƴƎ ǘƘŀǘ ǇŜƻǇƭŜ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊƻƭŜ ƻŦ ǎƻǳƴŘ ŀƴŘ ƘŜŀǊƛƴƎ 
ǘƻ ǘƘŜ ƘŜŀƭǘƘȅ ŦǳƴŎǘƛƻƴƛƴƎ ƻŦ ŀǉǳŀǘƛŎ ǇƭŀŎŜǎΦ {ŀƴŎǘǳŀǊƛŜǎΣ ƭƛƪŜ ǇŀǊƪǎΣ ǇǊƻǾƛŘŜ ǇƭŀŎŜǎ ŦƻǊ ƭƻŎŀƭ 
ŎƻƴǾŜǊǎŀǘƛƻƴǎ ŀƳƻƴƎ ǇŜƻǇƭŜ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾƛŜǿǎ ŀōƻǳǘ ǿƘŀǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǘƘŜƳ ŀōƻǳǘ ǘƘŜ ŎǳǊǊŜƴǘ 
ŀƴŘ ŦǳǘǳǊŜ ŎƻƴŘƛǘƛƻƴ ƻŦ ǘƘŜƛǊ ƻŎŜŀƴΦ ¢ƘŜǎŜ ŎƻƴǾŜǊǎŀǘƛƻƴǎ ŜȄǇƻǎŜ ǇŜƻǇƭŜ ǘƻ ƴŜǿ ǎŎƛŜƴǘƛŦƛŎ ƛƴŦƻǊƳŀǘƛƻƴ 
ǊŜƎŀǊŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŦŦŜŎǘǎ ŀǎ ǿŜƭƭ ŀǎ ƳƻǊŜ ƴǳŀƴŎŜŘ ǇŜǊǎǇŜŎǘƛǾŜǎ ƻƴ ǘƘŜ ǇǊŀŎǘƛŎŜǎ ƻŦ ƛƴŘǳǎǘǊƛŜǎΦ [ƛƪŜ 
ŀƛǊ ŀƴŘ ǿŀǘŜǊΣ ǘƘŜ ŀŎƻǳǎǘƛŎ ŜƴǾƛǊƻƴƳŜƴǘ Ŏŀƴ ōŜ ǇƻƭƭǳǘŜŘ ŀƴŘΣ ƛƴ ǘƘŜ мфтлǎΣ ǘƘŜ ¦Φ{Φ ǊŜŎƻƎƴƛȊŜŘ ƴƻƛǎŜ ŀǎ 
ŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ǉƻƭƭǳǘŀƴǘ ǘƘŀǘ ƴŜŎŜǎǎƛǘŀǘŜŘ ǊŜƎǳƭŀǘƛƻƴ ǘƻ ǇǊƻǘŜŎǘ ƘǳƳŀƴ ƘŜŀƭǘƘ όbƻƛǎŜ /ƻƴǘǊƻƭ !Ŏǘ 
мфтнύΦ .ǳǘ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ǘƘŜ ƘƻƭƛǎǘƛŎ ŀŎƻǳǎǘƛŎ ŎƻƴŘƛǘƛƻƴǎ ǘƘŀǘ ǿƛƭŘƭƛŦŜΣ ŀƴŘ ǇŀǊǘƛŎǳƭŀǊƭȅ ŀƴƛƳŀƭǎ ǘƘŀǘ 
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ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǊŜ-ƛƴǾŜǎǘƳŜƴǘΦ {ŀƴŎǘǳŀǊƛŜǎ ǊŜǇǊŜǎŜƴǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ŜŘǳŎŀǘŜ ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ 
ƎŜƴŜǊŀǘƛƻƴǎ ŀōƻǳǘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƴŀǘǳǊŀƭ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ ŀƴŘ ǿƘŀǘ Ŏŀƴ ōŜ ŘƻƴŜ ǘƻ ǊŜŘǳŎŜ ǘƘŜ 
ƛƴŦƭǳŜƴŎŜ ƻŦ ƴƻƛǎŜ ƻƴ ǘƘŜǎŜ ƘŀōƛǘŀǘǎΦ 
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ǎǘŀǘǳǎκƛƴŘŜȄψŜƴΦƘǘƳ όŀŎŎŜǎǎŜŘ нп WǳƴŜ нлмрύ 
9ȄŜŎǳǘƛǾŜ hǊŘŜǊ момру όнлллύ ƘǘǘǇΥκκǿǿǿΦƎǇƻΦƎƻǾκŦŘǎȅǎκǇƪƎκCw-нллл-лр-омκǇŘŦκлл-моуолΦǇŘŦ όŀŎŎŜǎǎŜŘ нп WǳƴŜ 

нлмрύ 

https://www.whitehouse.gov/sites/default/files/docs/effective_use_of_programmatic_nepa_reviews_final_dec2014_searchable.pdf
https://www.whitehouse.gov/sites/default/files/docs/effective_use_of_programmatic_nepa_reviews_final_dec2014_searchable.pdf
http://ec.europa.eu/environment/marine/good-environmental-status/index_en.htm
http://ec.europa.eu/environment/marine/good-environmental-status/index_en.htm
http://www.gpo.gov/fdsys/pkg/FR-2000-05-31/pdf/00-13830.pdf


CHAPTER 2  OCEAN NOISE STRATEGY ROADMAP 
 

42 
 

Executive Order 13547 (2010) http://www.whitehouse.gov/the-press-office/executive-order-stewardship-ocean-
our-coasts-and-great-lakes (ŀŎŎŜǎǎŜŘ нп WǳƴŜ нлмр) 
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[ƛƭƭƛǎ !Σ 9ƎƎƭŜǎǘƻƴ 5.Σ .ƻƘƴŜƴǎǘƛŜƘƭ 5w όнлмпύ 9ǎǘǳŀǊƛƴŜ ǎƻǳƴŘǎŎŀǇŜǎΥ ŘƛǎǘƛƴŎǘ ŀŎƻǳǎǘƛŎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ƻȅǎǘŜǊ 
ǊŜŜŦǎ ŎƻƳǇŀǊŜŘ ǘƻ ǎƻŦǘ-ōƻǘǘƻƳ ƘŀōƛǘŀǘǎΦ aŀǊ 9Ŏƻƭ tǊƻƎ {ŜǊƛŜǎ рлрΥмςмт 

Marine Mammal Protection Act (1972) Pub. L. 92-522, 86 Stat. 1027, codified as amended at 16 USC. §§ 1361-
1423h 

aŀƎƴǳǎƻƴ-{ǘŜǾŜƴǎ CƛǎƘŜǊȅ /ƻƴǎŜǊǾŀǘƛƻƴ ŀƴŘ aŀƴŀƎŜƳŜƴǘ !Ŏǘ όмффсύ tǳōΦ [Φ фпςнсрΣ фл {ǘŀǘΦ оомΣ ŎƻŘƛŦƛŜŘ ŀǎ 
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http://www.whitehouse.gov/the-press-office/executive-order-stewardship-ocean-our-coasts-and-great-lakes
http://www.whitehouse.gov/the-press-office/executive-order-stewardship-ocean-our-coasts-and-great-lakes
http://www.fao.org/fishery/eaf-net/eaftool/eaf_tool_55
https://www.iso.org/obp/ui/#iso:std:iso:12913:-1:ed-1:v1:en
http://www.soundandmarinelife.org/


CHAPTER 2  OCEAN NOISE STRATEGY ROADMAP 
 

43 
 

bŀǘƛƻƴŀƭ aŀǊƛƴŜ tǊƻǘŜŎǘŜŘ !ǊŜŀǎ /ŜƴǘŜǊ όнлммύ 5ŜŦƛƴƛǘƛƻƴ ŀƴŘ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ {ȅǎǘŜƳ ŦƻǊ ¦{ aŀǊƛƴŜ tǊƻǘŜŎǘŜŘ !ǊŜŀǎΦ 
όƘǘǘǇΥκκƳŀǊƛƴŜǇǊƻǘŜŎǘŜŘŀǊŜŀǎΦƴƻŀŀΦƎƻǾκǇŘŦκƘŜƭǇŦǳƭ-
ǊŜǎƻǳǊŎŜǎκŦŀŎǘǎƘŜŜǘǎκƳǇŀψŎƭŀǎǎƛŦƛŎŀǘƛƻƴψƳŀȅнлммΦǇŘŦ όŀŎŎŜǎǎŜŘ нп WǳƴŜ нлмрύ 

bŀǘƛƻƴŀƭ aŀǊƛƴŜ {ŀƴŎǘǳŀǊƛŜǎ !Ŏǘ όмффнύ ¢ƛǘƭŜ мсΣ /ƘŀǇǘŜǊ онΣ {ŜŎǘƛƻƴǎ мпом Ŝǘ ǎŜǉ ¦{/ ŀǎ ŀƳŜƴŘŜŘ ōȅ tǳō [ млс-
рмо 

bŀǘƛƻƴŀƭ hŎŜŀƴ /ƻǳƴŎƛƭ όнлмоŀύ bŀǘƛƻƴŀƭ hŎŜŀƴ tƻƭƛŎȅ LƳǇƭŜƳŜƴǘŀǘƛƻƴ tƭŀƴΦ 
ƘǘǘǇǎΥκκǿǿǿΦǿƘƛǘŜƘƻǳǎŜΦƎƻǾκǎƛǘŜǎκŘŜŦŀǳƭǘκŦƛƭŜǎκƴŀǘƛƻƴŀƭψƻŎŜŀƴψǇƻƭƛŎȅψƛƳǇƭŜƳŜƴǘŀǘƛƻƴψǇƭŀƴΦǇŘŦ 
όŀŎŎŜǎǎŜŘ нп WǳƴŜ нлмрύ 

bŀǘƛƻƴŀƭ hŎŜŀƴ /ƻǳƴŎƛƭ όнлмоōύ aŀǊƛƴŜ tƭŀƴƴƛƴƎ IŀƴŘōƻƻƪΦ 
ƘǘǘǇǎΥκκǿǿǿΦǿƘƛǘŜƘƻǳǎŜΦƎƻǾκκǎƛǘŜǎκŘŜŦŀǳƭǘκŦƛƭŜǎκŦƛƴŀƭψƳŀǊƛƴŜψǇƭŀƴƴƛƴƎψƘŀƴŘōƻƻƪΦǇŘŦ όŀŎŎŜǎǎŜŘ нп WǳƴŜ 
нлмрύ 

bƻǊƳŀƴŘŜŀǳ !ǎǎƻŎƛŀǘŜǎ LƴŎΦ όнлмнύ 9ŦŦŜŎǘǎ ƻŦ ƴƻƛǎŜ ƻƴ ŦƛǎƘΣ ŦƛǎƘŜǊƛŜǎΣ ŀƴŘ ƛƴǾŜǊǘŜōǊŀǘŜǎ ƛƴ ǘƘŜ ¦{ !ǘƭŀƴǘƛŎ ŀƴŘ !ǊŎǘƛŎ 
ŦǊƻƳ ŜƴŜǊƎȅ ƛƴŘǳǎǘǊȅ ǎƻǳƴŘ-ƎŜƴŜǊŀǘƛƴƎ ŀŎǘƛǾƛǘƛŜǎΦ ! ²ƻǊƪǎƘƻǇ wŜǇƻǊǘ ŦƻǊ ǘƘŜ ¦{ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǘƘŜ 
LƴǘŜǊƛƻǊΣ .ǳǊŜŀǳ ƻŦ hŎŜŀƴ 9ƴŜǊƎȅ aŀƴŀƎŜƳŜƴǘΣ IŜǊƴŘƻƴΣ ±! 

bƻǊǘƘŜŀǎǘ wŜƎƛƻƴŀƭ tƭŀƴƴƛƴƎ .ƻŘȅ όнлмрύ bƻǊǘƘŜŀǎǘ wŜƎƛƻƴŀƭ tƭŀƴƴƛƴƎ .ƻŘȅ 5ǊŀŦǘ ²ƻǊƪ tƭŀƴ ŦƻǊ 5ŜƭƛōŜǊŀǘƛƻƴ ς WǳƴŜ 
о-пΣ нлмрΦ ƘǘǘǇΥκκƴŜƻŎŜŀƴǇƭŀƴƴƛƴƎΦƻǊƎκǿǇ-ŎƻƴǘŜƴǘκǳǇƭƻŀŘǎκнлмрκлсκwt.-²ƻǊƪ-tƭŀƴ-5ŜŎƛǎƛƻƴ-WǳƴŜ-
нлмрΦǇŘŦ όŀŎŎŜǎǎŜŘ нп WǳƴŜ нлмрύ 

bƻƛǎŜ /ƻƴǘǊƻƭ !Ŏǘ όмфтнύ пн ¦{/Φ Ϡпфлм Ŝǘ ǎŜǉ 
bh!! CƛǎƘŜǊƛŜǎ όнлмоŀύ Iŀōƛǘŀǘ .ƭǳŜǇǊƛƴǘ CƻŎŀƭ !ǊŜŀǎΦ ƘǘǘǇΥκκǿǿǿΦƘŀōƛǘŀǘΦƴƻŀŀΦƎƻǾκƘŀōƛǘŀǘōƭǳŜǇǊƛƴǘ όŀŎŎŜǎǎŜŘ нп 

WǳƴŜ нлмрύ 
bh!! CƛǎƘŜǊƛŜǎ όнлмрōύ {ƻǳƴŘ ŎƘŜŎƪΥ ƴŜǿ bh!! ŜŦŦƻǊǘ ǳƴŘŜǊǿŀȅ ǘƻ ƳƻƴƛǘƻǊ ǳƴŘŜǊǿŀǘŜǊ ǎƻǳƴŘΦ 

ƘǘǘǇΥκκǿǿǿΦǎǘΦƴƳŦǎΦƴƻŀŀΦƎƻǾκŦŜŀǘǳǊŜ-ƴŜǿǎκŀŎƻǳǎǘƛŎǎ όŀŎŎŜǎǎŜŘ нп WǳƴŜ нлмрύ 
bŀǘƛƻƴŀƭ tŀǊƪ {ŜǊǾƛŎŜ όнлллύ 5ƛǊŜŎǘƻǊΩǎ hǊŘŜǊ ІптΥ ǎƻǳƴŘǎŎŀǇŜ ǇǊŜǎŜǊǾŀǘƛƻƴ ŀƴŘ ƴƻƛǎŜ ƳŀƴŀƎŜƳŜƴǘΦ 

ǿǿǿΦƴǇǎΦƎƻǾκǇƻƭƛŎȅκ5hǊŘŜǊǎκ5hǊŘŜǊптΦƘǘƳƭ όŀŎŎŜǎǎŜŘ нп WǳƴŜ нлмрύ 
bŀǘƛƻƴŀƭ tŀǊƪ {ŜǊǾƛŎŜ όнллсύ aŀƴŀƎŜƳŜƴǘ ǇƻƭƛŎƛŜǎΦ ǿǿǿΦƴǇǎΦƎƻǾκǇƻƭƛŎȅκƳǇκLƴŘŜȄнллсΦƘǘƳ όŀŎŎŜǎǎŜŘ нп WǳƴŜ 

нлмрύ 
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9ƴƘŀƴŎƛƴƎ bh!!Ωǎ !ōƛƭƛǘȅ ǘƻ /ƘŀǊŀŎǘŜǊƛȊŜ !ǉǳŀǘƛŎ {ƻǳƴŘǎŎŀǇŜǎ 
 
INTRODUCTIONτSOUNDSCAPES AND THE SOUNDS THAT COMPRISE THEM 
 
A soundscape can be thought of as the aggregate collection of all of the sounds (both natural and 
anthropogenic) that occur or are received at a particular location making up the total acoustics of a 
place (Chapter 2).  Sounds that occur within a soundscape can be of either natural or anthropogenic 
origin, with natural sources of sound further divided into biotic (biological) and abiotic (physical) 
sources. Collectively, these three categories of sound sources, the biophony (natural biological), 
geophony (natural physical), and anthrophony (man-made) (Pijanowski et al., 2011), comprise the 
soundscape of a particular location. 
 
In marine and freshwater environments, natural sounds comprising the biophony include those 
produced by animals that reside underwater, and can range in frequency from a deep, low-pitched 10 
Hz to extraordinarily high pitched, ultrasonic sounds over 200 kHz. In marine soundscapes, these sources 
include fish, seabirds, marine mammals, and invertebrates which use sound to perform critical life 
functions. Natural abiotic sounds comprising the geophony are produced by the physical environment. 
These sound sources include weather-generated sounds from rain, lightning strikes, wind, and breaking 
ǿŀǾŜǎ ƻƴ ǘƘŜ ǿŀǘŜǊΩǎ ǎǳǊŦŀŎŜΣ ƳƻǾŜƳŜƴǘ ƻŦ ƛŎŜΣ ǿŀǘŜǊΣ ƻǊ ǎŜŘƛƳŜƴǘǎΣ ǘŜŎǘƻƴƛŎ ƻǊ ƎŜo-seismic activity like 
volcanic eruptions or earthquakes, and any other naturally occurring abiotic process which creates 
sound within the marine environment. 
 
Anthropogenic sounds comprising the anthrophony, on the other hand, are sounds from human 
activities introduced into the natural environment. Anthropogenic sounds in underwater soundscapes 
include noise from transportation and vessels, oil and gas exploration, drilling and production, 
construction and dredging activities, fishing activity, echosounders, geophysical surveys, military 
activities including sonar, explosions, and many other human activities. In the aquatic realm this 
category of underwater noise did not exist prior to the advent of the industrial age.  By their very 
nature, therefore, the introduction of these man-made sources of sound into the aquatic environment 
alters soundscapes from their natural and historical states.  

 
THE NEED TO UNDERSTAND AND CHARACTERIZE SOUNDSCAPES 
 
The ocean is an inherently noisy place.  Historically, it has been filled with the cacophony of sounds, 
including those produced by animals, wind, rain, ice, and geologic activity among the many other 
sources noted above.  These natural sounds have been present throughout long evolutionary time 
scales; over millions of years, animals have existed, evolved, and adapted to the natural underwater 
acoustic environment.  Unlike other potential means of communication (e.g., visual, chemical, tactile), in 
the ocean sound propagates with great speed to great distances (e.g., Munk et al. (1994) demonstrated 
low frequency sounds can travel across and between multiple ocean basins in a matter of hours).  The 
production and reception of sound is an incredibly efficient means of communicating over distance.  
Marine animals, therefore, have evolved over millions of years to rely on sound as a primary means of 
communication, and gaining information about and interacting with the environment in order to be able 
to survive and reproduce.   
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LƳǇƻǊǘŀƴŎŜ ǘƻ bh!!Ωǎ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ {ǇŜŎƛes and Places 
The soundscapes in a particular location, and the acoustic habitats (Chapter 2) of the animals inhabiting 
it, vary temporally, over both short- and long-time intervals, with tidal, diel, seasonal, and annual cycles 
in signals present, and also across frequencies with sounds from different sources occupying different 
portions of the acoustic spectrum (Figure 3-1). Soundscapes and acoustic habitats may also vary greatly 
geographically.  Between nearby locations, the lower frequency (i.e., deeper pitch) portion of the 
soundscapes may be similar due to the greater ability of low-frequency sound to travel long distances, 
while the higher frequency portion may be distinctly different, since these sounds are attenuated much 
more quickly and are therefore more site-specific.  Between two distant locations, or locations in 
different environments (e.g., open water vs. enclosed bay), the soundscapes may be entirely different 
across the frequency spectrum.  Soundscapes may even vary with depth due to the sound propagating 
characteristics of the water column.  In order to understand how soundscapes and acoustic habitats vary 
ƛƴ ŘƛŦŦŜǊŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ƭƻŎŀǘƛƻƴǎΣ ŀƴŘ ŘŜǇǘƘǎΣ Ƙƻǿ ŀƴƛƳŀƭǎΩ ǳǘƛƭƛȊŜ ǎƻǳƴŘ ǘƻ ŎŀǊǊȅ ƻǳǘ ŎǊƛǘƛŎŀƭ ƭƛŦŜ 
functions, and the variety and levels of sounds an animal may experience and respond to throughout 
ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴΣ ŀŎŎǳǊŀǘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ǳƴŘŜǊǿŀǘŜǊ ǎƻǳƴŘǎŎŀǇŜ ƛǎ ŜǎǎŜƴǘƛŀƭΦ 
 

 
Figure 3-1.  Long-term spectrogram (5 years) illustrating repetitive seasonal changes in the soundscape, due to 
weather, and singing Antarctic and pygmy blue, and fin whale populations south of Australia.  Data is from the 
Comprehensive Nuclear Test Ban Treaty Organization (CTBTO) passive hydroacoustic monitoring station off 
Cape Leeuwin, Australia.  

 
Understanding of Anthropogenic Changes to Soundscapes 
The introduction of anthropogenic noise into the ocean effectively began with the advent of the 
industrial age less than 200 years ago, with the most rapid increase in noise-producing human activities 
occurring over just the last 50-75 years.  From steam engines and the development of propeller-driven 
ships, to massive levels of shipping, oil and gas exploration, and indǳǎǘǊƛŀƭ ŀŎǘƛǾƛǘȅΣ ƳŀƴΩǎ ŀŎƻǳǎǘƛŎ 
footprint in the ocean has become more and more widespread.  Even in relatively pristine oceanic 
Ƙŀōƛǘŀǘǎ ƭƛƪŜ ǘƘŜ {ƻǳǘƘŜǊƴ hŎŜŀƴ ǎǳǊǊƻǳƴŘƛƴƎ !ƴǘŀǊŎǘƛŎŀΣ ǘƘŜ ǎƻǳƴŘǎ ƻŦ ƳŀƴΩǎ Řƛǎǘŀƴǘ ŀŎǘƛǾƛǘƛŜǎ Ŏŀƴ ƻŦǘŜƴ 
be heard. 
 
Such a rapid change in the underwater acoustic environment ŀƴŘ ŀƴƛƳŀƭǎΩ ŀŎƻǳǎǘƛŎ Ƙŀōƛǘŀǘǎ, an instant 
on evolutionary time scales, has the potential to affect ecosystems and animals in a multitude of 
complex ways that we are only just beginning to appreciate.  The effects of introduced noise may 
manifest themselves through a range of acute, chronic, and cumulative effects of multiple noise sources 
and other stressors (See Chapters 1 and 2, Appendix A).  The consequences of these potential impacts 
include those that are immediate and obvious (e.g., masking leading to missed detection and avoidance 
of a predator), to more incremental and cryptic effects (e.g., increased stress levels, missed feeding or 
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breeding opportunities).  The accumulation of cryptic effects over long periods may ultimately result in 
detrimental effects on the individual, which can impact the recovery, growth, or stability of a 
population, or ecosystems that they inhabit.  In both cases, an ability to accurately characterize the 
contributions of natural and human sources to soundscapes is an essential step to understanding the 
ways that aquatic animals utilize sound and how man-made noise may potentially impact them. 
 
CHARACTERIZING MARINE SOUNDSCAPES 
 
Marine soundscapes can be characterized by sampling the acoustic environment from hydrophone 
sensors (underwater microphones) attached to a variety of fixed and mobile instrument platforms.  
Analysis of this empirical data can then reveal how the soundscape varies over time, from place to place, 
and across the frequency spectrum.  In addition, in recent years, there has been increased effort to 
conduct computer-based predictive soundscape modeling of anthropogenic contributions to 
soundscapes, based on the physical characteristics of the environment and the distribution and density 
of human activities.  
 
Data CollectionτFixed Platforms 
Fixed platforms include autonomous hydrophone instruments, which are typically battery-powered 
devices capable of recording sound for periods ranging from a few days to multiple years. A large variety 
of these devices have been developed by many different research groups and companies (see Sousa-
Lima et al., 2013). Important features of these instruments include recording duration (which may be 
extendable via duty-cycling the recording), frequency response (sensitivity), sampling rate, depth limit, 
instrument self-noise, dynamic range, ease of deployment, and cost.  Instruments may be deployed in a 
variety of manners (see Dudzinski et al., 2011). Most commonly the moorings are entirely beneath the 
ƻŎŜŀƴΩǎ ǎǳǊŦŀŎŜ ǿƘƛŎƘ ƛǎ ǳǎǳŀƭƭȅ ǉǳƛŜǘŜǊΣ ŀƴŘ ƭŜǎǎ ǇǊƻƴŜ ǘƻ ǎƘƛǇ ǎǘǊƛƪŜǎ ŀƴŘ ŦƛǎƘƛƴƎ ƎŜŀǊ ƛƴǘŜǊŀŎǘƛƻƴǎΦ   
Gaining wider use in recent years are moorings with a surface component allowing for access to solar 
power, and communication over line-of-sight radio, satellite, or cell phone networks (e.g., Cornell 
Laboratory of Ornithology 2013, Marine Instrumentation Ltd. 2013).  Some systems include software for 
detection of events of interest, such as vocalizations of a certain species. These detections may be used 
either to turn on recording (e.g., Tregenza 1999) or for real-time transmission of detected signals to 
shore. 
 
Another form of fixed sensor is the cabled hydrophone or hydrophone array. These systems have been 
built by academic, private, and military groups; they feature real-time sound streaming from one or 
more hydrophones at each site. The U.S. Navy, for example, has long operated the large-scale Sound 
Surveillance System (SOSUS), and since the early 1990s has made it available to researchers with a 
security clearance (Nishimura & Conlon 1994). More recently, a number of cabled systems have been, or 
are being, installed for scientific research off the coasts of the U.S., Canada, Japan, Australia, and Italy, 
often in conjunction with other sensors following the concept of ocean observatories (e.g., Isern & Clark, 
2003). Also, private researchers have installed hydrophones short distances offshore in a number of 
places around the world. 
 
Data CollectionτMobile Platforms 
Mobile hydrophone platforms have long included vessel-deployed hydrophones, typically towed in an 
array behind the vessel or dangled overboard. These are still widely used for marine mammal surveys, 
by NOAA and many other researchers around the world. More recently, a variety of additional mobile 
platforms have come into use including hydrophone-equipped autonomous vehicles and drifting buoys.   
Autonomous vehicles include ocean gliders, which can use buoyancy changes and ǿƛƴƎǎ ǘƻ άŦƭȅέ ŦƻǊǿŀǊŘ 
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through the ocean or wave energy to propel themselves forward , and propeller-driven vehicles, which 
travel faster than gliders but often have higher noise levels.  Drifting buoys are untethered and drift 
freely with currents, may be either surface- or subsurface-deployed, and may be either expendable or 
recoverable. In addition, acoustic recording tags have been developed to be placed on individual animals 
as part of broader behavioral studies.   These tags may record the animals' vocalizations and other 
sounds the animal may hear, simultaneous with other parameters such as acceleration, pitch, roll, and 
yaw.  These animal-borne tags, while requiring careful ethical consideration in their use, can provide 
previously unobtainable data on animal responses to sound through 3-dimensional reconstructions of 
animal movement and behavior underwater, in the presence of natural and human sound sources. 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Data Analysis 
Acoustic data analyses can be carried out on with a wide variety of programs designed specifically for 
sound analyses.  Both readily available, off-the-shelf programs and software (e.g., Ishmael, Avisoft, 
Raven, to name a few), as well as custom-written scripts in programming languages like MatLab or R, 
can perform a range of acoustic analyses on the recorded data to describe its features, including the 
spectral (frequency) and temporal composition, and received levels of sound in the datasets.   
 
In the first instance, specific sound types of biological, abiotic, or anthropogenic origin can be extracted 
by browsing the data for the sounds of interest (Figure 3-2).  These analyses can be conducted manually, 
by reviewing spectrograms visually and aurally, or by using automated detectors for specific signals. 
Calls of a species of interest (mammal, fish, snapping shrimp, etc.) may be extracted for studies of 
seasonal and spatial animal distributions, response to anthropogenic activities, behavior, acoustic 
repertoires, levels at which animals produce sound, and most recently, for population density and 
absolute abundance estimation using cutting edge techniques that are rapidly being developed (for a 
review see Marques et al., 2013).  If data is sampled from multiple time-synchronized hydrophones, a 
sound source can often be localized and its movement tracked.  With a known source location, either 
through acoustic localization or with another data source (e.g., Automatic Information System vessel 
tracking systems or known locations of human activity), the source level and frequency signature can be 
determined.  Determining accurate source features on a variety of human activities (e.g. seismic airguns, 
vessel traffic, pile driving) is an essential component in assessing potential impacts of sound on marine 
life and their acoustic habitats, and contributions to the broader oceanic soundscape.  
 

Systems standardization and documentation 
While the use of identical hardware systems is ideal for making comparative 
measurements, in the absence of this, standardization and/or careful documentation of 
system characteristics are essential to make results of soundscape surveys comparable 
over time or geographic regions.  Beyond basic information on deployments such as 
location (latitude/longitude, sensor/water depth), sampling rate, and recording start and 
end times, thorough documentation on the equipment configuration should include 
information on the frequency response, sensitivity, and self-noise of the hydrophone and 
recording system, directivity of the hydrophone, temporal drift and/or calibration of the 
recording system, and configuration of the deployment system (especially any 
compensation to reduce vibration and strum) including sensor depth. Also important are 
environmental characteristics: water depth, vertical sound speed profile (or at least 
temperature profile), wind speed, wave height, and bottom characteristics if available.  
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Figure 3-2.  An example of a 24 hour soundscape with component noise sources illustrated.  Recording is from 
a NOAA Northeast Fisheries Science Center and Stellwagen Bank National Marine Sanctuary collaboration with 
Cornell University. 

 
When characterizing the soundscape of a place, it is often most valuable to look at longer time frames 
and the variability of the soundscapeΩǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻǾŜǊ ǘƘŀǘ ǘƛƳŜΦ  ¢ƘŜ temporal variation of noise 
levels will describe changes in the sound pressure levels over time.  The spectral variation of noise 
describes the variation in different frequency components present. And a combination of both domains 
describes the variability in both temporal and frequency components of the recorded soundscape.  
Figure 3-3 is an example of this type of analysis, illustrating how spectral content can be analyzed and 
displayed using a noise level percentile distribution, which, for each frequency band, shows the 
percentage of time that various noise levels are exceeded. For instance, the 90th-percentile value is a 
high sound level that is only exceeded 10% of the time. Such a percentile spectrum is useful when noise 
levels vary over time, as it can reveal very quiet periods or very loud events which, while being at 
significantly higher or lower levels than average, would only be present a very small percentage of the 
time.  The noise level percentile spectrum is one of many ways (e.g., spectral probability density plots 
described in Merchant et al., 2013) to quantify over long time frames the essential components of a 
soundscape of a place, illustrating variability in sound levels and frequency content of the soundscape. 

   

 
Figure 3-3.  An example of a percentile noise spectrum. The 90th-percentile curve, for instance, is the level 
that is louder than ambient sound 90% of the time.  Note the peak between 20-30Hz representing acoustic 
energy from fin whales.  System noise floor represents the lowest levels that the instrumentation is capable of 

detecting. Reproduced with permission from Klinck et al. (2012). Copyright 2012, Acoustical Society of America. 
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Soundscape data can also be displayed in ways that reveal broad-scale temporal information, and also 
allow exploration of how a soundscape changes over varying time-scales (e.g., seconds, daily, seasonal, 
annual). One such method is the long-term spectral average (LTSA), which is essentially a day- to years-
long visualization (i.e., spectrogram) of sound over this time.  While individual sounds from animals, 
human activity, or abiotic noise sources are not typically distinguishable within these long term 
averages, when there is a relative abundance in calling individuals or sound sources, their acoustic 
energy is clearly visible along with any seasonal patterns (Figure 3-1).  On the other end of the scale, 
high temporal resolution (e.g. <1s) displays and analyses can also be conducted to characterize short-
term changes, and assess potential impacts from intermittent, time-varying, or duty-cycled sources on 
biologically relevant time-scales. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Predictive Sound Field Mapping 
An alternative to gathering empirical measurements of ocean noise that has been increasing in 
prevalence in recent years, is conducting large scale computer-based predictive sound modeling (NOAA, 
2012; SC/65B/Rep03rev, 2014).  This technique is particularly useful for assessing the potential 
contributions of human activities to the ocean soundscape over large geographic scales, and based on 
varying amounts of human activities.  With the necessary components of the density and distribution of 
sound sources, their spectral characteristics and source levels, and environmental data (e.g., bathymetry, 
vertical sound speed profile of the water column, sediments), sound propagation modeling can be 
conducted that can predict the sound-field resulting from multiple sources at a variety of locations.  One 
example of this was the recent NOAA-led CetSoundτSoundMap effort (http://cetsound.noaa.gov) 
which conducted predictive sound field modeling to provide annual average sound levels throughout 
most of the U.S. Exclusive Economic Zone resulting from a range of anthropogenic activities (e.g., global 
shipping, passenger, fishing vessel traffic, and seismic survey activity).  This predictive modeling 
capability can also be used over shorter time frames and/or geographic scales to predict the sounds 
resulting from any individual or particular set of activities (Figure 3-4). 

 

Value of long-term baseline data 
Well-characterized long-term acoustic records from the same location spanning a decade 
or more are rare.  These long-term acoustic datasets are essential for establishing baseline 
conditions, assessing long-term trends in characteristics of interest like noise levels or 
animal presence and eventually abundance, and determining the contribution of human 
activities to changing soundscapes. Examples of long-term acoustic datasets include 
sounds recorded by NOAA PMEL from the U.S. Navy's SOSUS arrays (Fox & Hammond, 
1994), and sounds recorded by the Comprehensive Test Ban Treaty Organization (CTBTO) 
for monitoring nuclear explosions worldwide (www.ctbto.org).  Both of these systems 
sample only the very low frequency domain, which can be used for assessing the 
contributions of anthropogenic (container ships, seismic airguns) and many natural 
(baleen whales, storms, wave height, wind speed) sound sources to the ocean 
soundscape.   Thus, these unique long-term archives of continuous passive acoustic data 
can permit analysis of both seasonal and multi-year variability in ambient sound levels at a 
multitude of temporal and spatial scales.   
 

http://cetsound.noaa.gov/
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Figure 3-4.  Gulf of Mexico predicted average annual noise levels (1/3 octave band centered at 100Hz, at 15m 
depth) summing contributions from (a) large commercial shipping, (b) passenger vessels, (c) seismic surveys, 
and (d) rig support vessel traffic.  Noteτthis figure is for illustrative purposes only, and as with any modeling 
output, is directly reflective of the underlying input data.  For example, the modeled seismic survey activity was 
based on effort in 2009, which may not be representative of survey activity during other time frames.   

 
 
CURRENT NOAA ASSETS/CAPABILITIES TO CHARACTERIZE AQUATIC SOUNDSCAPES 
 
Passive acoustic monitoring and research at NOAA are being conducted by researchers at the NOAA 
Fisheries (NMFS) Science Centers (FSC), the National Ocean ServiceτNational Marine Sanctuaries (NOS-
NMS) and National Centers for Coastal Ocean Science (NCCOS), and the NOAA Office of Oceanic and 
Atmospheric Researchτ Pacific Marine Environmental Laboratory (OAR-PMEL) Acoustics Program.  
Most passive acoustic research projects at the NMFS FSCs and NOS NMSs focus on investigating 
seasonal presence, distribution, movement, and behavior of marine animals, as well as characterizing 
anthropogenic noise and assessing its potential impacts.  The acoustics components of the PMEL 
Acoustics Program also focus on monitoring to detect and localize small submarine earthquakes and 
volcanic activities.   
 
Acoustic Equipment 
Currently, a variety of fixed and mobile platforms are being utilized by NOAA to record acoustic data to 
study the ecology and behavior of marine animals, ambient ocean noise, geophysical events, as well as 
anthropogenic noise that could affect marine life.  The fixed platforms used by NMFS, NOS and OAR-
PMEL include AURALs (Autonomous Underwater Recorders for Acoustic Listening), EARs (Ecological 
Acoustic Recorder), HARPs (High-frequency Acoustic Recording Package), MARUs (Marine Autonomous 
Recording Unit), C-PODs (Cetacean and Porpoise Detectors), AMARs (Autonomous Multichannel 
Acoustic Recorder), SM3Ms (Song Meter SM3M Submersible), PMEL produced Autonomous Underwater 
Hydrophones (AUH) and several regional hydrophone network nodes deployed in the Washington inland 
waters.  For mobile platforms, the equipment used includes towed hydrophones and/or hydrophone 
arrays, sonobuoys, free floating hydrophones, dipping hydrophones, and gliders currently being used at 
six of the NMFS FSCs (see Table 3-1, Figure 3-5).  Although most of these projects focus on recording 
signals of biological origin, acoustic data obtained during the process can additionally be used to 
characterize and improve our knowledge of underwater soundscapes. 
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Figure 3-5.  OAR-PMEL AUH being deployed, and a towed array on the deck of a ship. 

 
 

Table 3-1.  Passive Acoustic Monitoring Capacity across NOAA offices (as of 08/2016) 

 
NOAA 
Office 

Current Equipment 
Holdings (leased or 
owned) 

Approx.  Data 
Holdings  

Staff 
Acoustics 
Capacity*  

Example Projects 

NMFS-AFSC 47 AURALs  
sonobuoys; 
towed array 
3 EAR (lease) 
14 CPOD 
1 SM2M HF 
1 DSG-Ocean 
3 DSG-ST 

Past : ~45TB   
Future: ~8TB/year 

2 FTE ; 
8 contractors;  

ALTIMA (Arctic Long-Term 
Integrated Mooring Array); CHAOZ 
(Chukchi Sea Acoustics, 
Oceanography, and Zooplankton); 
CHAOZ-X (extension of CHAOZ); 
ARCWEST (Arctic Whale Ecology 
Study); High Arctic Passive 
Acoustics Study; CIBA (Cook Inlet 
Beluga Acoustics  Project); Cook 
Inlet Anthropogenic Noise Study;  

NMFS-
NEFSC 

37 MARUs 
5 HARPs  
6 Sound traps 
2 Towed hydrophone 
arrays 

Past: ~70TB  
FY16-17: >100 TB 

2 FTE, 6 
contractors, 3 
short-term 
contractors/ 
interns/stude
nts.  

Occurrence of fish, invertebrates, 
baleen whales & toothed whales in 
western N. Atlantic; Acoustic 
ecology of baleen whales; 
Soundscape comparisons among 
habitats; Acoustic abundance 
analyses of odontocetes 

NMFS-
NWFSC 

17 EARS 
3 CPODs 
2 Towed arrays 
96 Sonobuoys 

Past: 28TB total 
Future: 4TB/year 

2-FTEs  PODS (Pacific Orcinus Distribution 
Survey) Cruise Winter habitat of 
Southern Resident killer whales 

NMFS-
PIFSC 

8 HARPs; 
multiple towed arrays; 
9 miniHARPs 

Past:  ~130TB 
Future:  collecting 
up to 20TB/yr 

0.25 FTE, 3 
contractors 

Long-term monitoring across the 
central and western Pacific; 
acoustic monitoring of the Hawaii 
longline fishery; towed acoustics on 
abundance surveys 

NMFS-
SEFSC 

3 HARPs 
5 LARPs 
3 towed arrays 

Past: 100 TB   
Future: ~10 TB/year  

½ FTE;  
1 contractor 

Right whale calving grounds 
project; Dry Tortugas sperm 
whale  project 




