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A special focus on acoustic habitats  
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Abstract 
In 2011, the U.S. National Oceanic and Atmospheric 
Administration (NOAA) convened a working group 
to develop tools to map human sources of underwa-
ter noise within U.S. waters. The specifi c objective of 
the NOAA Underwater Sound Field Working Group 
(SFWG) was to create mapping methods to depict the 
temporal, spatial, and spectral characteristics of 
underwater noise. These tools used environmental 
descriptors and the distribution, density, and acoustic 
characteristics of human activities within U.S. waters 
to develop fi rst-order estimates of anthropogenic noise 
levels for multiple depths and multiple frequencies. 
Predicted received levels were expressed as equiva-
lent (time averaged) sound pressure levels (Leq) with 
averaging times refl ecting appropriate timescales for 
different categories of activity. The primary mapping 
products were annual average level predictions with 
contributions from “chronic” anthropogenic sources 
of underwater noise (e.g., merchant shipping and 
sustained offshore energy exploration) within the 
waters of the continental U.S., Hawai’i and Alaska.  
Secondarily, mapping efforts were conducted for four 
localized and transient events that are more episodic 
or seasonal; these were selected to refl ect major acute 
sources of human-induced noise in areas of biological 
importance to marine mammals, including 1) a military 
active sonar training exercise in Hawai’i, 2) a period of 
seismic exploration in the Beaufort Sea, 3) the instal-
lation of an alternative energy platform off New Eng-
land, and 4) the decommissioning of an oil platform in 
the Gulf of Mexico.  Finally, exploratory analyses were 
undertaken to identify the aggregate contributions of 
coastal human activities to nearshore acoustic environ-
ments. Collectively, these tools will inform mapping 
efforts integral to emerging U.S. Ocean Policy (e.g., 
comprehensive Coastal and Marine Spatial Planning). 
In conjunction with tools developed to characterize 
cetacean distribution and density, noise maps will 
enable characterization and management of cumulative 
noise impacts for these and other marine species. 

Background
In a January 19, 2010 letter to the President’s Council on 
Environmental Quality, NOAA Administrator Dr. Jane 
Lubchenco committed to improving the tools used by the 
agency to evaluate the impacts of underwater noise on 
cetacean species.  As a result, two product-driven working 
groups were convened in January 2011: the Underwater 
Sound-fi eld Mapping Working Group and the Cetacean 
Density and Distribution Mapping Group.  
For more information see:  
Harrison et al. (2011) “The NOAA Cetacean Density 
and Distribution Mapping Working Group: Developing 
Comprehensive Geospatial Tools to Assist Management 
in Impact Analyses of Cetaceans in US EEZ Waters.” 
Poster Presentation, Biennial Meeting Society for
Marine Mammalogy; and 
http://www.st.nmfs.noaa.gov/cetsound 

Next Steps
The Underwater Sound Field Working Group will 
fi nalize its products in February 2012. Methods for 
integration with products from the Cetacean 
Distribution and Density Working Group and 
interpretation for management will be the purpose 
of a follow-on symposium planned for May 2012 in 
Washington D.C. This symposium will include 
members of each working group as well as a larger 
audience of scientists, environmental non-government 
organizations, industries, federal agencies, and 
conservation managers.
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Figure 1B.  Predicted average annual noise 
contributions from merchant shipping to 
low-frequency noise levels also provide a 
background for understanding the acoustic 
infl uence of localized proposed activities, 
such as off the coast of the Northeastern U.S.

Methods and Preliminary Results
Figure 1A. Comprehensive marine spatial planning requires mapping chronic background noise levels arising from offshore human activities over scales 
relevant to long-term, regional-scale decision-making. For example, predicted average annual noise contributions from merchant shipping to low-frequency 
noise levels can be integrated with other human-induced marine environmental stressors to evaluate potential cumulative impacts associated with proposed 
use scenarios (e.g., siting new offshore energy installations, creating new marine protected areas, shifting commercial vessel traffi c patterns).

Figure 2.  Cumulative impact assessment of short-term 
but relatively high-intensity acoustic events often fall 
short of including the full suite of sources that were active 
during operations.  Here, predicted noise levels due to three 
concurrent geophysical seismic exploration surveys in the 
Beaufort Sea allow managers to better approximate the result-
ing sound fi eld experienced by seasonally resident species.

Frequency: broadband 10Hz-1kHz; Total sound exposure level (SEL) over full pulse 
duration (summed for all sources); Max Level over Depth (2 m to local ocean depth); 
Grid size: ~2.5 km x 2.5 km; Source Data: Public comprehensive reports on 2008 
season activities. 
Propagation Modeling Parameters: RAM Parabolic Equation (Collins, 1993) with 
complex density seafl oor interface approximation (Zhang and Tindle (1995)). 
Environmental Variables: Bathymetry from GINA database; Sound Speed Profi le 
from GDEM database (Teague et al., 1990); Seabed properties from JASVO 
technical references.

Frequency: 50 Hz; Duration: average annual Leq; Depth: 5 m; Grid size: 1ºNx1ºW (Figure 1A), ~10km x 10km (Figure 1B); Source Data: U.S. Voluntary Observing Ship (VOS) reporting data 2004-5.  Based on source 
level of “Merchant Vessel” ship-type at 6 m depth (Renner, W. W. (1986). Ambient Noise Directionality Estimation System (ANDES) Technical Description, Science Applications Int. Corp, SAIC-86/1645).
Propagation Modeling Parameters: Kraken Normal Modes (Porter and Reiss, 1984, 1985; Porter, 1991).
Environmental Variables: Bathymetry from SRTM30 (David T. Sandwell, Walter H. F. Smith, and Joseph J. Becker, 2008) and ETOPO2 (U.S. Geological Survey, 2004); Sea surface roughness based on 10-knot wind 
speed; Seabed from NCEAS conversion of dbSEABED into “hard” and “soft” bottom types (Halpern et al. 2008); Sound-speed profi les from WOA “Annual Average” (World Ocean Database 2005. S. Levitus, Ed., 
NOAA Atlas NESDIS 60, U.S. Government Printing Offi ce, Washington, D.C.).
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Figure 1B.  Predicted average annual noise 
contributions from merchant shipping to 
low-frequency noise levels also provide a 
background for understanding the acoustic 
infl uence of localized proposed activities, 
such as off the coast of the Northeastern U.S.

Methods and Preliminary Results
Figure 1A. Comprehensive marine spatial planning requires mapping chronic background noise levels arising from offshore human activities over scales 
relevant to long-term, regional-scale decision-making. For example, predicted average annual noise contributions from merchant shipping to low-frequency 
noise levels can be integrated with other human-induced marine environmental stressors to evaluate potential cumulative impacts associated with proposed 
use scenarios (e.g., siting new offshore energy installations, creating new marine protected areas, shifting commercial vessel traffi c patterns).

Figure 2.  Cumulative impact assessment of short-term 
but relatively high-intensity acoustic events often fall 
short of including the full suite of sources that were active 
during operations.  Here, predicted noise levels due to three 
concurrent geophysical seismic exploration surveys in the 
Beaufort Sea allow managers to better approximate the result-
ing sound fi eld experienced by seasonally resident species.

Frequency: broadband 10Hz-1kHz; Total sound exposure level (SEL) over full pulse 
duration (summed for all sources); Max Level over Depth (2 m to local ocean depth); 
Grid size: ~2.5 km x 2.5 km; Source Data: Public comprehensive reports on 2008 
season activities. 
Propagation Modeling Parameters: RAM Parabolic Equation (Collins, 1993) with 
complex density seafl oor interface approximation (Zhang and Tindle (1995)). 
Environmental Variables: Bathymetry from GINA database; Sound Speed Profi le 
from GDEM database (Teague et al., 1990); Seabed properties from JASVO 
technical references.

Frequency: 50 Hz; Duration: average annual Leq; Depth: 5 m; Grid size: 1ºNx1ºW (Figure 1A), ~10km x 10km (Figure 1B); Source Data: U.S. Voluntary Observing Ship (VOS) reporting data 2004-5.  Based on source 
level of “Merchant Vessel” ship-type at 6 m depth (Renner, W. W. (1986). Ambient Noise Directionality Estimation System (ANDES) Technical Description, Science Applications Int. Corp, SAIC-86/1645).
Propagation Modeling Parameters: Kraken Normal Modes (Porter and Reiss, 1984, 1985; Porter, 1991).
Environmental Variables: Bathymetry from SRTM30 (David T. Sandwell, Walter H. F. Smith, and Joseph J. Becker, 2008) and ETOPO2 (U.S. Geological Survey, 2004); Sea surface roughness based on 10-knot wind 
speed; Seabed from NCEAS conversion of dbSEABED into “hard” and “soft” bottom types (Halpern et al. 2008); Sound-speed profi les from WOA “Annual Average” (World Ocean Database 2005. S. Levitus, Ed., 
NOAA Atlas NESDIS 60, U.S. Government Printing Offi ce, Washington, D.C.).
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Cetaceans	  (whales,	  dolphins	  and	  porpoises)	  
and	  anthropogenic	  threats	  	  

What	  are	  the	  poten,al	  changes	  in	  oceanographic	  
condi,ons,	  marine	  animal	  distribu,ons	  and	  

densi,es	  that	  will	  effect	  future	  management	  of	  
protected	  species?	  

	  
What	  are	  the	  data	  and	  forecas,ng	  needs	  of	  federal	  

management	  agencies	  in	  the	  future?	  
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Current Forecasting Process   
(1) animal observation data 

(2) ocean observation data 

(3) statistical analysis & modeling 

(4) spatial decision support system  

Temporally	  
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covariates	  

GAM	  models	  of	  
density	  

&	  
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Dynamic	  Variables	  from	  Satellites	  
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Detec'ng	  sea	  height	  anomalies	  &	  eddys	  

SSH anomaly 

Aviso	  DT-‐MSLA	  27-‐Jan-‐1993	  	  	  
Red:	  An'cyclonic	  	  Blue:	  Cyclonic	  

Okubo-Weiss Detection algorithm Derived eddy features 

Previous	  NASA	  project	  NNX08AK73G	  goal:	  Upgrade	  DST	  to	  
use	  more	  dynamic	  oceanographic	  covariates	  
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Ongoing updates of density models using new 
covariates 

New	  Atlan'c	  datasets	  
now	  processed	  for	  
producing	  updated	  
cetacean	  density	  surface	  
models.	  	  

New	  covariates	  
•  Time	  of	  year	  as	  a	  circular	  sta's'c	  
•  Oceanographic	  model	  outputs,	  including	  mixed	  layer	  depth	  
•  Dynamics:	  fronts,	  eddies,	  Lagrangian	  coherent	  structures,	  EKE,…	  



Foraging Grounds  

Migratory	  Corridor	  

Calving	  Ground	  	  

North	  Atlan'c	  Right	  Whale	  
Current	  popula'on	  

es'mate	  	  
~350	  –	  400	  individuals	  

Early	  foraging	  season	  
March	  -‐	  May	  



Survey	  records	  from	  7	  
survey	  programs	  that	  
operated	  between	  
1999-‐2012.	  	  
	  
~287,000	  km	  of	  linear	  
distance	  surveyed	  during	  
the	  focal	  spring	  season	  
months	  of	  March-‐May	  	  

Survey	  data	  
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Figure 2-5. Diagram of PSD and other sighting parameters for shipboard (A) and aerial (B) surveys 
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2ŵĝ

AUGUST 2007 FINAL REPORT 

!

 

Figure A-1. Plot of the detection function for pooled sightings of the sperm whale during summer, 
fall, and winter in the Gulf of Mexico study area. 
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!
Table A-2. Response surface model (Generalized Additive Model) results for the sperm whale 
during summer, fall, and winter in the Gulf of Mexico study area.  
!
!

Response Surface Model (GAM) 
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n:	  encounters	  
L:	  line	  length	  
s:	  school	  size	  
w:	  effec've	  strip	  width,	  p(distance)	  
g:	  probability	  of	  detec'ng	  on	  line,	  p(0)	  	  



Encounter rate  
model 

QuesPon:	  how	  many	  animals	  
are	  observed	  per	  sq	  km.	  	  
	  
Must	  account	  for	  observer	  
condi'ons	  and	  detec'on	  
func'on.	  



Group-size model 

QuesPon:	  how	  many	  animals	  
are	  observed	  in	  each	  group	  



Density model 

The	  total	  abundance	  of	  
NARW	  is	  currently	  es'mated	  
to	  be	  350	  –	  400	  animals	  



Predictor	  variables	  used	  in	  spa<al	  models	  
	  	  	  
StaPc	  physiographic	  covariates:	  

Distance	  to	  shore	  
Bathymetric	  slope	  
Distance	  to	  closest	  125m	  isobath	  	  
Distance	  to	  closest	  300m	  isobath	  greater	  than	  250	  km	  in	  length	  

	  
	  	  
Climatological	  oceanographic	  covariates,	  computed	  on	  8-‐day	  binning	  periods	  	  

	  NOAA	  NODC	  AVHRR	  Pathfinder	  5.2	  SST	  
UCSB	  GSM	  merged	  SeaWiFS/Aqua/MERIS	  chlorophyll-‐a	  concentra'on	  (Maritorena	  et	  al.)	  
Total	  kinePc	  energy	  (TKE)	  from	  AVISO	  DT-‐MADT	  Upd	  daily	  geostrophic	  currents	  
Eddy	  kinePc	  energy	  (EKE)	  from	  AVISO	  DT-‐MSLA	  Upd	  daily	  geostrophic	  currents	  
Distance	  to	  closest	  1	  °C	  SST	  front,	  computed	  in	  AVHRR	  Pathfinder	  SST	  using	  the	  
Cayula-‐Cornillon	  (1992)	  algorithm	  implemented	  in	  the	  Marine	  Geospa'al	  Ecology	  
Tools	  sokware	  (Roberts	  et	  al.	  2010)	  

Hypothesis:	  Dynamic	  oceanographic	  covariates	  beJer	  
represent	  features	  that	  aggregate	  copepod	  prey…	  	  



GFDL	  TOPAZ	  model	  
Cetacean	  SDSS	  

	  Research	  quesPon:	  What	  remote	  sensing	  and	  downscaling	  
forecas,ng	  model	  products	  will	  federal	  agency	  users	  require	  for	  the	  
management	  of	  migratory	  pelagic	  species	  under	  changing	  climates?	  

Future forecasting needs  

	  Approach:	  A	  user	  needs	  evalua'on	  for	  new	  models	  and	  decision	  
support	  tools	  to	  forecast	  poten'al	  changes	  in	  marine	  environments	  
and	  habitats	  under	  future	  climate	  change	  scenarios.	  	  

•  Structured	  user	  needs	  ques'onnaires;	  
•  A	  series	  of	  webinars	  and	  video	  mee'ngs;	  	  
•  An	  end-‐user	  workshop.	  



Cetacean	  observa'ons,	  navy	  training	  areas,	  shipping	  
channels	  and	  renewable	  energy	  lease	  blocks	  

How	  may	  predicted	  changes	  in	  ocean	  
climate	  effect	  planning	  and	  

management	  	  



Future forecasting needs  

The primary questions are:  
•  how will responsible agencies and organizations use 

information on potential shifts in critical species habitats and 
densities;  

•  what types of forecasting information will be most useful to 
these users;  

•  what are the spatial, temporal and taxonomic resolutions 
required for long-term planning needs;  

•  how will end users use information on model forecast error 
and uncertainty;  

•  what data quality standards will end users require for 
forecast information. 



Future forecasting needs  

Summary of work performed to date  
  
Our work to date has been in two areas:  
 
(1)  We have been developing IPCC class 

oceanographic scenarios in preparation for our end-
user engagement process; and 

  
(2) Webinar and workshop planning and preparation.  



Future forecasting needs  

(1) IPCC class oceanographic scenarios in preparation for 
our end-user engagement process;  



Example: Are tuna and swordfish catches in the northwest 
Atlantic correlated with eddies and how may these features 
change in the future? 

Eddies 

Hsu,	  A,	  AM	  Boustany,	  JJ	  Roberts,	  and	  PN	  Halpin	  (submined).	  
Effects	  of	  mesoscale	  eddies	  on	  CPUE	  of	  four	  fish	  species	  in	  
the	  western	  north	  Atlan'c.	  Fisheries	  Oceanography.	  

What	  are	  the	  forecas,ng	  needs	  of	  fisheries	  managers?	  

Potential extension: fisheries ecology 



Potential extension: fisheries ecology 

What fisheries are 
related to “fixed” 
features and which 
fisheries are related to 
climatological features? 

What	  are	  going	  to	  be	  the	  
“s,cky	  fish”	  under	  climate	  
change	  scenarios…	  

Boustany,	  Dunn	  and	  Halpin	  2013	  
	  AAAS	  Symposium	  



Future forecasting needs  

(2)	  webinar	  and	  workshop	  planning	  and	  prepara'on.	    

We	  have	  also	  been	  conduc'ng	  planning	  and	  materials	  for	  the	  
webinars	  and	  user	  workshop	  to	  be	  conducted	  in	  spring	  /	  
summer	  2013.	  	  	  
	  
We	  will	  provide	  background	  materials,	  scenarios	  and	  
ques'onnaires	  to	  representa've	  end	  users	  from	  NOAA,	  
Navy,	  BOEM,	  USF&W,	  NASA	  and	  other	  agencies	  prior	  to	  
deployment	  of	  the	  video	  webinar(s)	  and	  in-‐person	  workshop.	  	  



Future forecasting needs  

(Note:	  due	  to	  the	  increased	  risk	  that	  government	  agency	  par,cipants	  may	  have	  
addi,onal	  travel	  and	  budget	  restric,ons	  in	  spring	  2013,	  we	  are	  developing	  
con,ngency	  plans	  for	  an	  increased	  reliance	  on	  webinar	  interac,ons	  in	  lieu	  of	  in-‐
person	  mee,ngs	  if	  needed.)	  	  

The	  webinars	  are	  intended	  to	  be	  used	  to	  explore	  general	  
user	  needs	  issues	  and	  scenarios	  prior	  to	  a	  workshop	  in	  order	  
to	  bener	  op'mize	  the	  'me	  spent	  for	  the	  in-‐person	  
workshop	  session.	  Also:	  the	  webinars	  may	  be	  able	  to	  
capture	  a	  broader	  audience	  of	  available	  par'cipants.	  	  

(2)	  webinar	  and	  workshop	  planning	  and	  prepara'on.	    



Phase	  I	  Discovery	  &	  Feasibility	  project	  NNX11AR56G	  :	  
Evalua'ng	  user	  needs	  for	  models	  and	  decision	  tools	  to	  predict	  
the	  impacts	  of	  climate	  change	  on	  the	  marine	  environment	  

GFDL	  TOPAZ	  model	   marine	  animal	  DST	  	  
Goal:	  explore	  the	  extension	  of	  marine	  animal	  forecas'ng	  DST	  to	  include	  long-‐term	  

climate	  change	  capabili'es:	  	  	  

Scenario	  development	  

End-‐user	  webinars	  
Workshop	  

	  
spring	  /	  summer	  2013	  

Feasibility	  report	  
	  

summer	  2013	  

ARL	  1	  	   ARL	  2.3	  –	  3.1	  	  
interim	  progress	  

ARL	  0	  	  

PI	  Pat	  Halpin,	  Duke	  University	  


