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he Joint Institute for the Study of the

INTRODUCTION
Atmosphere and Ocean (JISAO) promotes

Tcollaborative research between the University

of Washington (UW) and the National Oceanic

and Atmospheric Administration (NOAA). JISAO
and NOAA researchers represent a broad range of
scientific expertise, and projects are organized under
seven major research themes:

. Climate research and impacts

. Environmental chemistry

. Marine ecosystems

. Ocean and coastal observations

. Protection and restoration of marine resources
. Seafloor processes

. Tsunami observations and modeling

NN U W N

JISAO, a unit within the UW College of the
Environment, works with a number of departments
throughout the campus, including Atmospheric
Sciences, Oceanography, Fisheries, Earth and Space
Sciences, the Applied Physics Laboratory, Civil

and Environmental Engineering, Evans School of
Public Affairs, Friday Harbor Laboratories, and the
Undergraduate Research Program, among others. A
large number of JISAO employees work at the NOAA
laboratories in Seattle, including the Pacific Marine
Environmental Laboratory (PMEL), Alaska Fisheries
Science Center (AFSC) and Northwest Fisheries
Science Center (NWFESC). The Institute’s Education
and Outreach (E&O) effort makes important
contributions in promoting environmental literacy
at all levels of society, mentoring the next generation
of scientists and reaching out to underrepresented
communities.

The extensive research conducted at JISAO is
summarized in the Science Highlights section,
followed by a summary of the Education and
Outreach program activities of the past year and an
update on financial and business operations. Beyond
this section are individual progress summaries for
each project funded by the NOAA Cooperative
Agreement in the past year, as well as appendices with
additional information as requested by the NOAA
Performance Reporting guidance.
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SCIENCE HIGHLIGHTS

CLIMATE RESEARCH AND IMPACTS

The record of sea level pressure at Darwin, Austrialia
provides a uniquely long, high quality record of

the behavior of the El Nifio-Southern Oscillation
(ENSO) phenomenon. Andrew Chiodi of JISAO
and Ed Harrison of NOAA/PMEL have shown

that the ~150yr trend in Darwin is not statistically
different from zero, and that its early period behavior
resembles that seen over recent decades. This
suggests that ENSO variability has not fundamentally
changed over the time of rapid atmospheric CO2
increase. When viewed over shorter (for example
10-50 year long) subsegments, however, the Darwin
record exhibits a wide range of behavior, with large
variations in event-frequency and (apparent) trend.
In fact, many of the sub-segment trends reach

Darwin Seasonal Mean Sea Level Pressure Anomaly

statistical significance by the standard statistical
techniques, even though very few of them yield
trends that are representative of the full time series.
This work provides an important cautionary tale.
There are many other key aspects of the earth’s
climate and ecology for which there is great interest
in determining long-term trends, but for which

the only records are much shorter than 150 years.
The Darwin record illustrates that the long-term
trajectory of a system from statistics derived from
multi-decadal records is fraught with difficulty when
large amounts of inter-annual (or longer timescale)
variability is present. In other words, a wide range of
conclusions about trends are possible regardless of the
true long-term behavior of the system.

1880 1900 1920 1940 1960 1980

2000

Darwin seasonal sea level pressure anomaly (black curve) with the best-fit trend over the
full (136yr) record (green line). Also shown are examples of best-fit trends over various
decadal to multi-decadal sub-segments; trends over the last 10, 20 and 30 years are
shown in blue; the last 40 and 50 years in red, and a 50yr interval ending in 1998 is shown

with a red dashed line.
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ENVIRONMENTAL CHEMISTRY

The world’s oceans are acidifying due to increasing
uptake of atmospheric carbon dioxide. But
specifying the changes that are occurring is
challenging, especially in coastal zones that are
subject to substantial and incompletely understood
natural variations. Hence there is an urgent need

for inexpensive and robust pH sensors to allow

for complete and cost-effective monitoring. This
issue was recognized by the Wendy Schmidt Ocean
Health XPRIZE, which established a $2 million
competition to advance ocean pH sensing technology.
JISAO chemist Remy Okazaki and Richard Feely of
NOAA/PMEL are involved in this effort in terms of
evaluating the various types of instrumentation that
have been submitted for this competition. Essentially,
they are providing the actual pH from laboratory
grade instrumentation against which the values from
these new sensors are compared. The announcement
of the winner(s) of this competition is expected in
July 2015. Vibrant programs of ocean acidification
research are being conducted at NOAA/PMEL and
the UW, and these programs look forward to the
additional data that will become possible through the
technology development supported by this XPRIZE
competition.

Remy Okazaki (left) and Team Durafet representative and their pH
sensor during trials.
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MARINE ECOSYSTEMS

JISAO is very pleased to have become involved in a
major way with ongoing efforts towards describing
the distribution of marine mammals and their prey
resources in the Arctic. Among a variety of studies,
the passage of baleen whales from the Bering Sea
into the Chukchi Sea is being studied in the Arctic
Whale Ecology Study (ARCWEST) project featuring
scientists from JISAO, NOAA and the Woods Hole
Oceanographic Institution (WHOI). Much of

the data for the ARCWEST project, in particular

the acoustic data, have been freely available on the
Distributed Biological Observatory (DBO) website.
This website represents a sort of clearinghouse for
research data in the northern Bering and Chukchi
Seas and is helping foster collaborations between
scientific teams from a broad range of disciplines.
Over the past year, JISAO has hired a number of
scientists who are working in NOAA’s National
Marine Mammal Laboratory (NMML) and the
Institute looks forward to furthering its collaborations
with NMML and the Alaska Fisheries Science
Center. Another exciting joint project is NOAAs new

Innovative Technology for Arctic Exploration (ITAE)
program under the leadership of Calvin Mordy of
JISAO. This program has entered an agreement with
Saildrone Inc. to adapt autonomous wind-powered
vehicles to carry scientific payloads. Two Saildrones
were deployed in April 2015 with meteorological
and oceanographic sensors and have traveled more
than 2,000 miles and collected over 40 million
measurements as of early June. Current engineering
efforts are focusing on developing the capability

of additional sensors into the Saildrone platform.
One of these sensors, the In-Situ Icthyoplankton
Imaging System (ISIIS), will provide information

on the type and concentration of plankton, and

the other of these sensors, the Simrad Wideband
Autonomous Transceiver (WBAT) is a low-power
scientific echosounder that will be used to map the
distribution of larger organisms. These types of new
mobile observational assets promise to provide good
coverage of important whale habitats in a very cost-
efficient manner.
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OCEAN AND COASTAL
OBSERVATIONS

Remarkably high sea surface temperature anomalies
developed in the NE Pacific Ocean during the boreal
winter of 2013-14. This caught the attention of Nick
Bond of JISAO, who started calling the mass of the
warm water “The Blob”, and Meghan Cronin of
NOAA/PMEL. Their research showed that the warm
ocean temperatures were associated with reduced
seasonal cooling due to the weak winds associated
with a strong and persistent ridge of higher than
normal sea level pressure (SLP). The SLP ridge not
only affected the ocean but also diminished the
number and intensity of storms making landfall,
with consequently reduced precipitation relative to
seasonal norms west of the Continental Divide. The
NE Pacific temperature anomalies are persisting
(see figure below), and are having major impacts on
the marine ecosystem. The climate and fisheries-
oceanography communities are following how this
event plays out from both physical and biological
standpoints.

NOAA Ol SST
Surface SST (C) Composite Anomaly 1981-2010 climo

PROTECTION AND RESTORATION OF
MARINE RESOURCES

Fisheries managers have challenging jobs. They must
juggle the dual and often conflicting objectives of
maximizing economic yields and maintaining healthy
populations. André Punt of the School of Aquatic
and Fisheries Sciences and others have carried out a
series of JISAO projects aimed at providing managers
with better information. For example, under federal
law, managers who oversee overfished stocks in the
U.S. must have a plan that is likely to succeed in
rebuilding fish stocks within a fixed time period.
Recent studies have shown that these plans must
account for pronounced and persistent changes in
environmental conditions, often termed regime shifts,
since these conditions influence rates of growth and
the production of juvenile fish. New methods for
dealing with autocorrelation have been developed
for models used in projections of population trends.
Another project focused on stock assessment of U.S.
West Coast groundfish. Students mentored under
this project were involved in conducting research

related to the population dynamics,

assessment and management

of West Coast groundfish.
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peer-review for ongoing research
projects. These workshops were
broadcast over the web to ensure
broad participation.

ow -2

—10—



EXECUTIVE SUMMARY

During a cruise that extended from Peru to Tahiti,
JISAO scientist Joe Resing and colleagues observed
a plume of dissolved iron extending more than
4,000 km from the volcanic and hydrothermal
systems located on the southern East Pacific

Rise. This was a very surprising result because
hydrothermal activity had been previously assumed
to have negligible impacts on the large-scale ocean
chemistry on contemporary time scales. The data
from the cruise was considered in the context of a
global biogeochemical model that accounts for the
impact that hydrothermal iron has on the broader
ocean. The model indicated that the hydrothermal
iron ultimately reaches the ocean’s surface where

it significantly impacts the global carbon cycle by
stimulating phytoplankton growth. In specific
terms, it was found that up to 30% of the carbon
export in the Southern Ocean involves iron from
hydrothermal sources. An important implication is
that while other sources of iron to the global ocean
(dust and rivers) are strongly influenced by changes
in climate on yearly, decadal, and millennial time
scales, it is believed that hydrothermal sources are
more consistent on each of these time scales. A
manuscript (Resing et al. 2015) based on this work
entitled “Basin-scale transport of hydrothermal
dissolved metals across the South Pacific Ocean”

is being published in Nature. Because it is a
fundamentally new paradigm on the impacts of
submarine hydrothermal venting on basin- and
global-scale ocean biogeochemistry, the paper is sure
to gain considerable attention. This work was carried
out under the auspices of the U.S. and International
GEOTRACES program.
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Upper panel: Plume of dissolved iron extending from East Pacific
Rise. Lower Panel: Percent impact of hydrothermal iron on carbon
export. Green dots extending from South American coast line
indicate cruise track
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The NOAA Center for Tsunami Research (NCTR)

is located at PMEL in Seattle and is comprised of
NOAA and JISAO scientists. NCTR carries out basic
research on tsunami generation, propagation and
inundation and applied research towards minimizing
tsunami threats. Recent efforts of the latter type
include hazard assessments for the Puget Sound area
associated with major earthquakes in the Cascadia
subduction zone. As a world leader, NCTR’s expertise
is in high demand, as exemplified by its current
project to provide tools and expertise (i.e., capacity
building) to Central America in the form of tsunami
hazard assessment and mapping. The group has
continued to refine the tools used by the U.S. Tsunami
Warning Centers for real-time forecasts. Towards
this end, it cooperated with the University of Malaga
in software and hardware developments that yield
inundation simulations that are up to 20 times faster.
The process of incorporating these improvements in
the Warning Center’s operational systems is underway
and will soon lead to the capability of much more
detailed and timely forecasts.

— 12—
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EDUCATION AND OUTREACH

“My JISAQ internship exposed me to the world of fisheries and gave me insight regarding prospective
career and job opportunities with government and non-profit agencies. It also taught me the value of
collaboration when conducting large scale research projects.” Amy Duarte, 2014 JISAO Intern

JISAO’s Education and Outreach (E/O) Program
continues to make important contributions by
advancing environmental literacy at all levels of

our society, and educating and mentoring the next
generation of scientists, who reflect the diversity of
our nation and are skilled in science and technology.

Of the many projects supported by the E/O Program,
perhaps most noteworthy is the success of the

JISAO Research Experience for Undergraduates.
This summer internship program began with one
student in 2008, and has since hosted 35 students
from colleges and universities across the U.S.
Twenty-six of JISAO’s former interns have completed
undergraduate degrees, with 13 currently in
graduate school including four at the University of
Washington (two in Atmospheric Sciences, one in
Oceanography, and one in the School of Aquatic and
Fishery Sciences). Three of our former interns have
received graduate degrees including Laura Vogel
with an MS in environmental engineering from
Stanford University, Alyssa De La Rosa with an MS
in agriculture and environmental chemistry from the
University of California, Davis, and Justin Perry with
an MS in teaching from Fordham University.

2014 JISAO summer interns after their final presentations.

In past years, outstanding interns have returned a
second summer to work with mentors who valued the
work they performed during their initial internship.
Rachel Pausch, a 2011 intern, is now a Cooperative
Institute employee working as a researcher with the
Cooperative Institute for Marine and Atmospheric
Studies (CIMAS) at the University of Miami.

JISAO’s prominence in the local and national
environmental science communities is reflected in the
growth of the E/O Program and its many successful
events and projects as outlined below:

Conferences and Career Fairs

SACNAS (Society for Advancement of Hispanics,
Chicanos and Native Americans in Science) National
Conference in Los Angeles, CA - Daniel Hernandez,
a former JISAO intern and current graduate

student in the UW School of Aquatic and Fishery
Sciences, represented JISAO and the College of the
Environment, and distributed applications for JISAO’s
internship program.

Sustainability Summit — The UW Sustainability
Summit event was designed to celebrate the UW’s
leadership and accomplishments
in environmental stewardship and
sustainability. JISAO had a booth
on UW’s Red Square staffed by Jed
Thompson, Karin Bumbaco, and
Todd Mitchell.

K-12 Events

Orca Bowl - JISAO scientists

were judges and scorekeepers

at Washington Sea Grant’s 2013
Orca Bowl. Teams of high school
students from around Washington
State came to the UW campus to
challenge their knowledge of the
world’s oceans. Top prizes included
UW Oceanography scholarships

— 13—
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and shipboard science experiences. JISAO provides
travel support for Orca Bowl participants each year.

NOAA Science Camp — Seven JISAO scientists led
sessions for the 2014 NOAA Science Camp at the
Pacific Marine Environmental Laboratory (PMEL).
2014 was the ninth year that JISAO funded NOAA
Science Camp scholarships for low income and
underrepresented students.

NOAA Science Camp Junior Leadership Program -
Peggy Sullivan and Sarah Doherty participated in a
speed networking event where they were paired with
students for five-minute conversations about careers
and goals to pursue a future in science.

Dare to Dream Program - Nick Bond, Miriam Doyle,
and Morgan Ostendorf presented hands-on climate
and fisheries workshops during the week long event
for minority and at-risk high school students from
across Washington State.

Elementary and Middle School Visits — More than
a dozen JISAO researchers visit elementary and
middle school classrooms throughout the year to give
demonstrations on topics such as tsunami research,
career paths, cruise reports, Earth Day, atmospheric
science, and climate change. Some of the schools
visited in the past year include Lake Forest Park
Elementary, Blue Heron Middle School, Beaver
Lake Middle School, Canyon Creek Elementary,
Wedgwood Elementary, and Jane Addams Middle
School.

DO-IT Scholars Program - Support is provided for
one student with a disability interested in pursuing
postsecondary education and a career in one of

the areas of focus of NOAA through the first year

of the 3-year DO-IT (Disabilities, Opportunities,
Internetworking, and Technology) Scholars Program.
The DO-IT Scholars Program works with high school
students with disabilities who have the potential

to pursue college studies and careers and develop
leadership skills yet face significant challenges
because of their disabilities. The 2014 NOAA Scholar
engaged in the first year of Scholar activities including
a 10-day residential Phase I Summer Study at the
University of Washington, gaining Internet, college

Morgan Ostendorf leading a workshop for the Dare to Dream
program.

preparation, career planning, self-determination
and leadership knowledge and skills. The scholar is
continuing to participate in year-round mentoring
and networking activities.

Pacific Science Center (PSC) Partnership

Scientist Spotlight Events — Ivonne Ortiz, a PSC
Science Communication Fellow, attended three
Scientist Spotlights and presented a hands-on activity
teaching guests about food chains and food webs

in the eastern Bering Sea. Science Communication
Fellows are professionals who have been certified by
PSC as current science ambassadors and excellent
communicators. Drew Hamilton also attended
Scientist Spotlight events to display a ship model that
he developed through the fellowship program.

Paws-on Science: Husky Weekend - Seattle families
visited PSC for a weekend of activities, games, and
demonstrations designed to show the world-class
research and achievements of scientists at the UW.
JISAO scientists Kim Martini, Heather Tabisola, Nick
Bond, Karin Bumbaco, and Morgan Ostendorf led
activities showing their work on climate change and
oceanography.

— 14—
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Public Outreach

Seattle Aquarium: Discover Science Weekend - Casey
Saenger, Morgan Ostendorf, and Nick Bond displayed
their work for aquarium guests who were invited to
explore ocean and marine research with interactive
displays and activities.

Museum of Flight Climate Day — Rachel White and
Kevin Wood joined researchers from PMEL to display
their work exploring climate change and speak with
guests at the Museum of Flight's Climate Day.

EarthEcho Interview — Adrienne Sutton was
interviewed on STEM fields and the Wendy Schmidt
Ocean Health XPRIZE competition by Philippe
Cousteau for his organization EarthEcho.

San Juan Island Lecture Series - Nick Bond annually
gives a series of lectures for the Beachwatchers
Lecture Series, as well as the Fiero Marine Life Center
Lecture Series throughout Washington State.

Old Weather, Arctic — Kevin Wood started the Old
Weather, Arctic project in 2012. The project engages
citizen science volunteers from around the world to
transcribe digital scans of logbooks from 19th century
mariners sailing in the Arctic. The goal is to provide
previously unavailable historic data to help scientists
understand how the Arctic climate has changed

over the past 150 years. The project was recently
featured in a display at the Smithsonian Museum in
Washington, DC.

JISAO on the radio and television — Nick Bond gives
the weekly weather outlook on KUOW’s “Weekday”
program every Friday morning. He’s also a frequent
guest on other radio programs where he speaks

on subjects such as summer temperature and rain
average, pollen allergies, and the winter weather
outlook. Bond is also a frequent guest on King 5
News programs.

Summer Research Experience for
Undergraduates (REU)

JISAO welcomed six undergraduate students to the
JISAO REU in 2014. Students were matched with
mentors from JISAO, the UW Atmospheric Sciences
department, the U.S. Army Corps of Engineers, the

UW School of Aquatic and Fishery Sciences, and

the Office of the Washington State Climatologist.
Student web pages and videos are available on JISAO’s
website. The interns and their universities are listed
below:

o Madeline Camp - Rice University

o Alexandra Caruthers — Valparaiso University
o Amy Duarte - Humboldt State University

o Brittany Hailey - Jackson State University

« Stanley Ko - CUNY City College

« Sophia Wensman - University of Michigan

Besides completing their required research
assignments, the 2014 interns created an outreach
presentation on marine life in the oceans for a group
of middle school students with autism. The event
included hands-on activities and a trip to the UW fish
collection.

b A

2014 intern Stanley Ko leads an ocean acidification demonstration
for middle school students.

—15—
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University Events

Topics in Conservation: Communicating Climate
Change — Adriana Raudzens Bailey was a guest
lecturer for UW Forestry professor Josh Lawler.
Bailey spoke about her work analyzing newspaper
treatment of climate change uncertainties.

Clear as Mud: UW Graduate Student Symposium

— Sarah Doherty was a key note panelist and gave a
presentation titled Soot in the Context of Climate and
Health Goals for the 12th annual Graduate Student
Symposium.

Art Institute of Seattle — Brendan Carter and Michael
St. John visited the Art Institute of Seattle and gave a
talk on ocean acidification. They gave the same talk
for a symposium on communicating ocean science at
PMEL.

Science and Policy Summit — Adrienne Sutton
spoke on a public panel about climate science
communication at the UW’s Graduate and
Professional Student Senate Science and Policy
Summit.

Pacific Marine Environmental Laboratory Tours

— Nick Bond joined PMEL scientists to lead tours
of the laboratory throughout the year. Recent
visitors included students from Central Washington
University and Pacific Lutheran University.

Website Communication

JISAO’s website (jisao.washington.edu) provides an
effective means to communicate institute activities

to constituents with its user-friendly format and
organization. Over the years, JISAO has tracked
media coverage of all JISAO scientists. Archives of
past media coverage, as well as staff profiles, are easily
accessible via links on the main page. The following
events received notable media coverage in the past
year:

o The day that changed tsunami science: NBC News,
PBS News Hour

« Dirty snow could effect regional climate: Popular
Science, Environmental Monitor

o Warm “Blob” in the Pacific linked to weird
weather: Washington Post, NBC News, USA Today,
CNN

o Pacific blue whales rebounding close to historic
levels: NPR

« Old ship logs a time machine for climate change:
Wall Street Journal, NPR

Research Blog — Kim Martini is an active blogger for
Deep Sea News. Martini writes about science in a way
that is relatable to non-scientists with postings like
“Was there an epic war or an epic romance between
this robot and a squid?”

—16—
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FINANCIAL MANAGEMENT AND ADMINISTRATION

JISAO bridges two major institutions and can be a
management challenge because of its complexity. The
UW infrastructure ensures JISAO’ ability to operate
as effectively as possible in order to recruit and retain
excellent staff, meet reporting requirements, maintain
and improve the required compliance systems and
procedures, and provide the best possible overall
business management of the Institute’s resources.
JISAO and local NOAA administrators have formed
a strong partnership that works efficiently and
contributes to the success of the Institute.

A management team meets once per week for
planning purposes and to discuss issues related
to budgets/grants, human resources and general
administration. The team includes:

o Thomas Ackerman, Executive Director

« Nicholas Bond, Deputy Director (JISAO
management representative at NOAA/PMEL)

« Mary Smith, Assistant Director, Finance &
Administration

o Fred Averick, Finance Manager

+ Collen Marquist, Assistant to Executive Director/
Administrative Specialist

JISAO’s Executive Council meets when there

are agenda items that require higher-level policy
reviews and decisions. All-personnel meetings are
held either at UW or NOAA once per quarter for
JISAO employees. NOAA scientists attend some of
these meetings if they are involved with the topic.
These meetings focus on items of mutual interest

to both organizations, to recognize outstanding
scientific, technical and administrative staff and

to share updated operational information. The
JISAO Assistant Director, Finance Manager and
Administrative Specialist hold weekly office hours
at NOAA/PMEL to provide both JISAO and NOAA
employees with a variety of services related to human
resources, financial issues, travel, purchasing and
other administrative matters that arise.

JISAO’s Cooperative Agreement is funded through
three tasks:

Task I, also supported by the UW, includes:

o Three to six postdoctoral fellows on annual

appointments, renewable for a second year.

Additional post doctoral funding was provided this

year by Chris Sabine, PMEL Director.

Senior visiting scientists on leave from their home

institutions

o Honoraria and travel expenses for short-term
visitors

o Education and outreach activities

 Small percentage of administrative support

Below is a breakdown of Task I spending for the past
year:

Administration - 15%

Visting Scientists - 3%

Outreach - 6%

UW Fisheries Lecture Series - 6%

JISAO provides space, network access, computer and
administrative support for postdoctoral researchers
and visitors supported on Task I. JISAO has been
able to double the number of Research Associates

in the past year, a result of a judicious plan for Task I
spending. The current group includes:

« Bonnie Chang, Princeton and University of
Washington, Interests: marine nitrogen cycling and
its link to oceanic productivity, nitrogen fixation
and denitrification in the major oxygen deficient
zones of the world’s oceans (eastern tropical
North and South Pacific, Arabian Sea), effects
of sedimentary nitrogen cycling on the isotopic
composition of marine nitrate, origins and air-sea
flux of nitrous oxide in the Atlantic and Pacific
oceans.

 Kim Martini, University of Alaska-Fairbanks and
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JOINT INSTITUTE FOR THE STUDY OF THE ATMOSPHERE AND OCEAN
2014 — 2015 ANNUAL REPORT

University of Washington, Interests: internal waves
and turbulence - how internal waves are generated,
their path from source to sink, where they dissipate
into turbulence and the effects on biology and
ecosystems

+ Donata Giglio, Scripps Institution of
Oceanography, University of California-San
Diego, Interests: large-scale ocean circulation and
exchanges of heat, freshwater and momentum at
the ocean-atmosphere interface

o Sam Potter, Princeton University, Interests:
general circulation of the atmosphere, tropical-
extratropical interaction, intraseasonal tropical
variability, regional climate dynamics

+ Adriana Raudzens Bailey, University of Colorado,
Interests: atmospheric water cycle, convective
mixing and precipitation processes, stable isotopes
in water vapor, climate communication

+ Rachel White, Imperial College-London, Interests:
dynamical climate modeling, atmospheric-
ocean coupling, topographic effects on general
circulation, jet streams, storm tracks, impacts of
tropical deforestation

JISAO’s education and outreach program activities
are supported by a small portion of Task I, with
additional support provided by other funding
sources. Please see the preceding section for details
about this program, which is vital to JISAO’s mission.

Additionally, a small portion of Task I supports a
fraction of administrative salaries. The administration
was downsized a few years ago and because of
streamlining systems and resources, JISAO’s business
operations are managed effectively with a small team
of individuals who each possess unique expertise
and skills. Organizationally, each staff member
handles a specific operational area, but there is also
cross-training so that staff can have coverage of their
positions during times they need to be away from the
office.

Task II serves as a vehicle for funding research
scientists, (UW professional staft), postdoctoral
research associates, and technical staff who work at
the local NOAA laboratories in directed, collaborative
research efforts between NOAA and university
scientists.

Task III supports research related to JISAO’s themes

on the UW campus and includes a broad range

of departments. Principal Investigators include
university academic and research faculty, as well as
research scientists. Task III also supports postdoctoral
research associates housed at NOAA and graduate
students working in a variety of campus departments.

The JISAO/NOAA Cooperative Agreement funding
for the period April 1, 2014 - March 31, 2015 totals
$15,652,475; JISAO’s funding for non-Cooperative
Agreement grants for the same period is an additional
$2,780,630. The charts below break down Cooperative
Agreement funding by tasks and themes.

)
’

Climate Research and Impacts - 4%

Environmental Chemistry - 16%

Marine Ecosystems - 28%

Ocean and Coastal Observations - 32%

Protection and Restoration of Marine Resources - 3%
Seafloor Processes - 5%

Task | - 2%
Task Il - 51%

N
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EXECUTIVE SUMMARY

Besides providing the ongoing infrastructure

and support to successfully manage JISAO, the
administration worked on the following initiatives
over the past year to improve and strengthen JISAO
as an organization:

1. JISAO Outreach and Education Program

Strengthened and broadened the success of the
E/O program (see earlier section for details of
the year’s activities)

2. JISAO Staff Recognition Program

Recognized outstanding research, papers,
honors and awards on JISAO website.
Presented UW service awards to JISAO
employees.

Several JISAO scientists and team members in
the JISAO administrative group received cash
awards for outstanding work over the past year
in various capacities.

3. Communications

Continued joint quarterly meetings with JISAO
and NOAA employees

Held the annual all-personnel meeting on UW
campus that includes all JISAO employees at
UW and those who work at NOAA facilities;
NOAA scientists also attended.

JISAO assistant director, the finance manager
and the administrative specialist held weekly
office hours at NOAA/PMEL, improving
communications, services and collaboration
between NOAA and UW personnel. Other staft
go to NOAA when needed.

Website evolution continued with improvements
in information presented and user friendliness.
Participated on both the NOAA and UW CoEnv
communications teams to regularly share
information and best practices.

Continued to develop JISAO’s marketing and
public relations efforts to communicate research
and education goals and activities to partnering
organizations as well as local, regional and
national communities.

Continued social networking via Facebook,
YouTube and Twitter

Continued to track media coverage and
publications of JISAO researchers.

Developed additional educational and public
outreach materials.

4. Organization and Infrastructure

Streamlined/consolidated staft assignments,
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continuing to work with reduced number of
FTEs by not filling 2 vacant positions.
Continued strengthening overall organizational
structure, working directly with JISAO scientific
and technical staft to ensure meaningful
supervisory and mentoring relationships.
Thomas Ackerman, JISAO Executive Director,
is a member of the CoEnv Executive Committee
and served the College in various capacities.
JISAO staft worked on university-wide
initiatives and on committees addressing
financial, human resources, communications
and safety matters.
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ASSESSING REGIONAL SEA-ICE PREDICTABILITY IN THE
U.S. ARCTIC: AMULTI-MODEL APPROACH

Pl

Wei Cheng - UW Joint Institute for the Study of the

Atmosphere and Ocean

Other UW Personnel

Albert Hermann - Joint Institute for the Study of the

Atmosphere and Ocean

Task 11l

NOAA Sponsor

Carol Ladd - Pacific Marine Environmental

Laboratory

Other NOAA Personnel

Phyllis Stabeno - Pacific Marine Environmental

Laboratory

Non-UW/Non-NOAA

Personnel

Enrique Curchitser - Institute
of Marine and Coastal Sciences,
Rutgers University

NOAA Goals

Climate Adaptation and
Mitigation

Description

This is the first year of the
project. The specific tasks for
this year are: 1) analyze the
diagnostic predictability of sea
ice in the CESM (Community
Earth System Model) large
ensemble simulation, 2)
implement the ROMS (Regional
Ocean Modeling System) pan-
Arctic grid and obtain forcing
(at the surface and lateral
boundary) conditions for the
ROMS simulations.

Objectives

Our research activities address these questions:

1. Do sea-ice area and thickness show different
degrees of predictability, and how does it vary
regionally across the sub-basins?

2. How is the sea-ice predictability of the regional
seas and pan-Arctic influenced by the background
climates?

Accomplishments

1. We have analyzed ice area lagged correlations (a
diagnostic measure of predictability) in the NCAR
CESM large ensemble simulations. Results thus far
indicate: 1) Ice area in the regional seas exhibits
re-emergence of memory in a manner similar to
the pan-Arctic ice area, but the memory is weaker
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Figure 1. Lagged correlations of pan-Arctic and regional ice area anomalies (with the ensemble
mean removed) in the CESM Large Ensemble (with 30 members) over three periods: years 1920-
1954 (top row); years 2006-2040 (middle row); and years 2041-2075 (bottom row). The columns
correspond to initializing from every other month of a year. Shown is the ensemble averages. We
omitted the months with weak ice area interannual variability in the regional seas. For example,
every year in January, March, and May, the Chukchi and Beaufort Seas are ~100% ice covered,
therefore we don't calculate the lagged correlations for these regions and months. Interestingly,
while ‘predicatability’ is a non-issue for the Chukchi and Beaufort seas’ winter months in the
current decades, it is an issue for these regions and months in the future climate as ice retreats.
In general, the regional ice predictability (colored lines) shows a similar shape as the pan-Arctic
ice predictability (black lines), suggesting the re-emergence of memory of sea ice on regional
scales, but the memory is weaker than the pan-Arctic integrated ice area. For the pan-Arctic ice
area, the increase in lagged correlation a few months after the July initialization (melt-to-freeze
memory) is more pronounced in the future climate, whereas its September-to-September ice
area persistence becomes weaker in the future.
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(Figure 1); 2) Lagged correlations of the pan-Arctic
ice area in the 20th century are similar to those in
the first half of the 21st century, but the summer-
to-summer memory becomes significantly weaker
in the second half of the 21st century. This is
consistent with the idea that ice thickness provides
the summer-to-summer memory (Figure 1); 3)

In contrast, the melt-to-freeze season memory

is stronger in the future climate with thinner
sea-ice (Figure 1); and 4) Ice area spatial lagged
correlations (its spatial structure and magnitude)
depend on the season and location, and may be
influenced by regional oceanography (Figure 2).
We are working on extending the analyses to ice
thickness and examining mechanisms contributing
to the differences in the regional and seasonal
sea-ice predictability, and understanding their
implications for regional sea ice predictions.

. The above results were presented at the 2015 polar
prediction workshop (4/8/2015-4/10/2015) in
Reading, UK.

. We implemented a high-resolution regional
model for the Arctic and sub-Arctic regions. The
model is based on the ROMS at nominal 10-km
horizontal resolution, with enhanced resolution in
the Chukchi and Beaufort and
Bering Seas. Figure 3 shows the
implemented pan-Arctic grid
bathymetry and corresponding
resolution. The coupled
ice-ocean model is being
implemented in a hindcast mode
first to test the model setup and
parameters.

Threshold=20 Threshold=20

Jul Chukchi—Sep all points Sep Chukchi—Nov all points

Figure 2. Spatial lagged correlation (a measure of spatial
persistency) of ice area anomalies. Top-left panel: ice area anomaly
averaged over the Chukchi Sea in July correlated with ice area
anomalies at each grid point in September. We compute this
correlation for every ensemble member but only keep the values
that are statistically significant, then averaging across all enemble
members with significant values. Threshold=20 means that for the
correlation value shown at each grid point, at least 20 (out of 30)
of the ensemble members have significant correlations. Top-right:
September Chukchi Sea average correlated with ice area anomalies
at each grid point in November. Bottom-left: November Chukchi
average correlated with November all grid points. Bottom-right:
November Chukchi average correlated with December all grid
points. The top two panels exhibit an east-west orientation of the
spatial persistency, while the bottom two panels exhibit a north-
south orientation. Reasons for these spatial characteristics are
being investigated.

Figure 3. ROMS model bathymetry (left) and resolutions (right) for the pan-Arctic grid.
Resolution is enhanced in the oceans surrounding Alaska.
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LIGHTNING STUDIES

Pl
Robert H. Holzworth - UW Department of Earth
and Space Sciences

Other UW Personnel
Clifford Mass, Greg Hakim, Todd Mitchell, and John
M. Wallace — Department of Atmospheric Sciences

Task Il

NOAA Sponsor
Steven J. Goodman - Geostationary Operational
Environmental Satellite-R Series P

NOAA Goal
Weather-Ready Nation

Description

The main thrust of our work has been to explore

the interrelationships between lightning, rain rates,
and vertical velocity on an hour-by-hour time basis
using the World Wide Lightning Location Network
(WWLLN) data formatted as counts of strikes in
1/6th by 1/6th degree (16 by 16 km) grid boxes,

radar reflectivity data from the National Center for
Atmospheric Research (NCAR), expressed in dBz,
and vertical velocities from the NOAA Rapid Refresh
(RAP) Analysis and Forecast System mesoscale
analysis. These time and space scales are substantially
finer than those used in today’s numerical weather
prediction models, which are initialized and

verified four times per day, and resolve features

with horizontal scales as small as a few tens of kms,
and the scales on which convective cells capable of
producing lightning develop and evolve through their
life cycles. In a typical thunderstorm, a 16 by 16 km
grid box with lightning experiences ~5-50 lightning
flashes per hour, powerful enough to be detected

by WWLLN. With counts this large, box-to-box

and hour-to-hour differences possess a high level of
statistical significance, and the same is true of the
associated rain rates. The vertical velocity field on
these scales shows good qualitative agreement with
the lightning and precipitation, and documenting the
relationships and degree of consistency between these
fields will be a major part of our research.

The RAP includes an hourly analysis at 13 km
resolution and a 15-minute operational forecast at 3
km. The analysis is an assimilation of observations
from commercial aircraft, radar winds and
reflectivity, rawinsondes, surface reporting stations,
mesonet, buoys, satellite, and lightning from the
National Lightning Detection Network. We are using
the analysis data for May through August 2014 in our
study. The assimilation is also used to initialize the
High Resolution Rapid Refresh (HRRR) model which
provides operational forecasts 15 hours out for severe
weather forecasting, air traffic management, and for
the National Weather Service Warn-On Forecast.

Objectives

The ultimate goal of this research is to explore
whether the lightning data can be of use in
interpreting, tracking, and simulating the
development and evolution of convective systems.
The first step, which has already been implemented,
is to be able to produce animations on demand for
these three fields, superimposed using a variety of
different plotting conventions that emphasize various
aspects of the relationships. A sample is available
on our web site. The lightning configurations vary
coherently on these scales. Thunderstorms are
embedded in squall lines, super cells, and other
features in the radar imagery, as expected. At

times patches of intense lightning foreshadow the
development of strengthening of regions of high
rain rates. The relationship between lightning and
predicted vertical velocity is not as clear, but there
are instances in which well-organized features in the
lightning field precede the development of patches
of intense ascent. Because of the diversity of shapes
of patches of convective precipitation, quantifying
these relationships using statistical methods

is going to be challenging, and it will probably
require experimentation with a number of different
approaches.

Our main goals are to 1) provide global lightning data
to NOAA researchers working on NOAA GOES-R
(weather satellite) Geostationary Lightning Mapper
(GLM) prelaunch validation studies; and 2) use these
global lightning data to study the relation of lightning
and weather phenomena, particularly strong
convective clouds.


http://www.atmos.washington.edu/~mitchell/wwlln/animations.html
http://www.atmos.washington.edu/~mitchell/wwlln/animations.html
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Accomplishments

1. Much of the effort under this grant in the previous
two years culminated in a Master’s degree awarded
to Ken Dixon (June 2014) in Atmospheric Sciences
under Clifford Mass. The results of that thesis
were written up as a paper, and submitted for
publication. That paper is presently under revision
for resubmission. It is titled, “The Impact of
Lightning Data Assimilation on Deterministic and
Ensemble Forecasts of Convective Events,” Dixon,
K, etal, 2015.

2. We delivered to NOAA over 200 million lightning
strike locations in real time around the globe this
year.

3. We developed visualization tools to better study
the relation between clouds and convection.

4. We expanded the detection efficiency of the
network through the addition of new stations, and
by improving the signal at several stations. Overall
we have increased the total stroke detection
by about 20%, but more importantly we have
combined raw data with the Earth Networks (EN)
lightning network, by using WWLLN location
algorithms with the waveforms collected by the
EN network. The project is in beta test stage now,
but promises to improve the overall network
detection efficiency by a factor of two or more. We
are presently testing the combined code on several
of the EN stations, and will propagate that new
code (plus any changes) to over 100 EN stations by
summer 2015.

5. WWLLN-based lightning research was presented
at the International Conference on Atmospheric
Electricity meeting in Norman, Oklahoma in 2014.
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MOUNTAIN HYDROMETEOROLOGY FOR WEATHER AND
CLIMATE FORECASTING APPLICATIONS

Pl

Jessica Lundquist - UW Department of Civil and
Environmental Engineering

Other UW Personnel

Mark Raleigh, Brian Henn, Nic Wayand, Shara Feld,
Alex Fisher, and Teddy Thorson — Department of
Civil and Environmental Engineering

Task Il

NOAA Sponsor
Allen B. White - Earth System Research Laboratory

Other NOAA Personnel
Mimi Hughes, Paul Neiman and Marty Ralph - Earth
System Research Laboratory

NOAA Goals
Climate Adaptation and Mitigation

Description

We have been addressing the following questions,
which were developed through discussions with
NOAA staft both at the Earth System Research
Laboratory (ESRL) in Colorado, and at the

River Forecasting Center in California: 1) What
measurements are most critical for accurate modeling
of snow accumulation and melt in complex terrain?
When such measurements are unavailable, what

is the best alternative way to provide model inputs
(e.g., satellite, mesoscale model, nearest station(s)
plus a lapse rate, or some combination thereof)? 2)
How do these different driving datasets impact the
performance of a distributed hydrologic model?

Objectives
1. Characterizing snow to address uncertainty in
forecasting, flood control, and water management.

2. Evaluating advanced observations of rain and
snow, temperature, and soil moisture to provide
best possible “forcings” for river prediction, in
conjunction with NOAA’s Hydrometeorology
Testbed in the North Fork (NF) American River
Basin of California.

Accomplishments

1.
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We deployed and retrieved a network of
temperature, relative humidity and stream pressure
sensors distributed across the NF American River
Basin. We compared ways of estimating annual
precipitation and peak snow water equivalent
spatially in time to assess the best way to map
spatial patterns of snow accumulation across the
landscape (Raleigh and Lundquist 2012). This
addressed the project objective of characterizing
SNOW.

. We evaluated low-cost humidity sensors and

their utility as key hydrologic forcing for river
prediction, and then used them to assess best
methods for estimating atmospheric moisture in
complex terrain (Feld et al., 2013).

. We assembled and quality-checked data from

a network of 63 temperature sensors over three
years, and assessed the best way to patch missing
data from temperature networks of different sizes
and with different lengths of missing data (Henn et
al,, 2013).

. We evaluated the utility of MODIS (Moderate

Resolution Imaging Spectroradiometer) for
detecting fractional snow-covered area under
different densities of forest cover (Raleigh et al.
2013). These three addressed the project objective
of evaluating advanced observations.

. In work led by Nic Wayand, we assessed the impact

of different observational and mesoscale-model-
generated input datasets on snow and hydrologic
simulations in the Distributed Hydrology Soil
Vegetation Model (DHSVM) set up over the NF
American River Basin (Wayand et al., 2013). This
addressed the project objective of assessing the best
forcings for river prediction.

. Our work was used in developing a vision for

hydrometeorological monitoring across the
western United States, as detailed in Ralph et al.
(2014).

. We are preparing our NF American River dataset

for online publication and are preparing a paper
describing the dataset. This will enable anyone to
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use our data to compare with their atmospheric or
hydrologic model(s) in this region and/or to test
their own hypotheses. We plan to submit the data
paper to Water Resources Research in 2015. This
will enable the greater scientific community to
address the project objectives.

. We used the California Department of Water
Resources snow pillow network to evaluate the
ability of two gridded precipitation datasets
(Livneh et al. 2013 and Hamlet et al. 2010, which
are 1/16° resolution versions of the Maurer et al.
2002 and Hamlet and Lettenmaier 2005 datasets,
respectively) to represent solid precipitation at
daily timescales at high elevations. While both
datasets are unbiased in the median, they have
substantial under-prediction in storms and
water years with greater-than-usual precipitation
arriving in post-frontal conditions (with 700
hPa winds from the northwest). This work has
been accepted pending minor revisions in the
Journal of Hydrometeorology, and should appear
in publication in 2015 (Lundquist et al., expected
2015, JISAO contribution number 2405). This
addressed project objective number 2 for finding
the best possible forcings for river prediction
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COPING WITH DROUGHT: REAL-TIME MONITORING
AND SEASONAL FORECASTING OF HYDROLOGIC
CONDITIONS IN THE PACIFICNORTHWEST

Pl

Bart Nijssen - UW Civil and Environmental
Engineering

Task 11l

NOAA Sponsor
Chad McNutt - NOAA Climate Program Office

Non-UW/Non-NOAA Personnel
Phil Mote, Kathy Dello, and Josh Foster — Oregon
State University

NOAA Goals
Climate Adaptation and Mitigation

Description

The research is focused on maintenance of the
existing drought monitor at the University of
Washington (UW), and increased stakeholder
involvement and product dissemination to end users
in Oregon and Washington states.

Objectives
1. Maintenance and expansion of the existing UW
drought monitoring system.

2. Expand and refine ongoing coastal hazards
assessment work in northern coastal Oregon, and
develop methods for transferability to coastal
Washington State.

3. Develop activities to maximize usability of the data
to end-users.

Accomplishments

1. We have maintained the UW Drought Monitoring
System for the Pacific Northwest (PNW) for
the past winter. This monitor combines recent
observations with model results to provide a
comprehensive overview of current and past
moisture conditions at a high spatial resolution
(1/16-degree). Since February 2015, Bart Nijssen
participates in the biweekly drought briefings

to water managers in Oregon and Washington
State in which the drought monitor is used as an
additional source of information for these water
managers. The meetings are organized by Kathie
Dello (Associate Director of the Oregon Climate
Change Research Institute, and Deputy Director of
the Oregon Climate Service) and Karin Bumbaco
(Assistant State Climatologist for Washington
State). In addition, the drought monitoring system
forms one of the potential building blocks for the
National Integrated Drought Information System
(NIDIS) pilot in the PNW (see next item).
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Figure 1. Total moisture (snow plus soil moisture) percentiles from
the UW Drought Monitoring System for the West Coast of the
United States on April 14, 2015. Yellow to brown colors denote drier
than average conditions, while green colors denote wetter than
average conditions (average for April 14 based on previous years).
The severe drought conditions in California and the developing
drought in parts of Washington and Oregon are clearly visible.
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2. The subcontract funding was only recently
received by Oregon State University (OSU).
OSU is currently using the money to conduct a
set of interviews in tandem with Oregon Water
Resources Department to check in with resource
managers about drought conditions from last
summer through this winter. Some of our
questions are meant to get information to help
tailor the PNW Drought Monitoring system.
Additionally, we're working with NIDIS on a set
of PNW meetings meant to lead into a PNW pilot
for NIDIS, with a stakeholder meeting planned in
Boise, Idaho, on May 4, 2015.

Reasons Objectives Were Not Met

The subcontract to OSU was not completed until
very recently, so all objectives for the project have not
been met. This is in part because the project is still

in progress, and in part because OSU only recently
received its funding.
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METHODS OF ASSESSING FISHERIES VULNERABILITY
TO CLIMATE CHANGE (INTERNATIONAL)

Pl
Amy Snover - UW Climate Impacts Group

Other UW Personnel

Lara Whitely Binder — Climate Impacts Group
Sean McDonald - Program on the Environment
Penny Dalton - Washington Sea Grant

Task Il

NOAA Sponsor

Roger Grifhis — National Marine Fisheries Service

NOAA Goals

Climate Adaptation and Mitigation
Resilient Coastal Communities and Economies

Description

This project aims to enhance collaborations to link
national and international approaches to assessing
fisheries vulnerability to a changing climate. The
project is currently focused on documenting lessons
learned from the application of a rapid vulnerability
assessment approach to West Coast fisheries in 2011,
as described below.

Workshop and Related Summary Paper
Documenting Practical Experience and Findings of a
Joint Science-Management-Industry Effort to Assess
Fisheries’ Vulnerability to Climate Change

The University of Washington’s Climate Impacts
Group (CIG) hosted a workshop in May 2011 to
assess the vulnerability of four West Coast fisheries
to climate change in partnership with West Coast
Sea Grant programs and other partner agencies. The
fisheries evaluated were Pacific whiting, sablefish,
canary rockfish, and Dungeness crab.

The workshop drew upon the expert knowledge of
managers, scientists, industry, non—governmental
organizations (NGOs), and tribes associated with
these fisheries, in order to apply and test frameworks
for rapid assessment of climate change vulnerabilities
developed by Johnson and Welch (2010) and Chin et

al. (2010). The vulnerability assessment frameworks
have the advantage of being specific to fisheries and
intended for use in data-limited situations.

Through discussion and application of the
frameworks, workshop participants helped identify
the factors that influence the vulnerability of

these fisheries to climate change, and the relative
significance of those factors to each other. The results
of this effort are being summarized in a paper that
covers the following:

1. An introduction to the May 2011 workshop and
motivations for applying a rapid vulnerability
assessment framework.

2. Stage-setting: information on components of
vulnerability (exposure, sensitivity, adaptive
capacity), the use of the rapid assessment
methodology as an alternate approach to standard
vulnerability assessments, and existing methods
and application of rapid assessment methodology
in practice.

3. An overview of workshop goals and objectives,
pre-workshop activities (selection of the fisheries,
participants, development of the white papers,
adaptation of the Chin et al. and Johnson and
Welch methodology, and pre-workshop interviews,
plus major findings from those interviews).

4. A summary of the workshop structure and
workshop results.

5. Lessons learned in adapting and applying the
methodology.

6. Conclusions and examples of how the rapid
assessment approach is being utilized in other
parts of the U.S. and the Caribbean.

A draft of the paper is expected in summer 2015.

Objectives

1. Review published materials (peer-reviewed
literature on fisheries vulnerability assessment,
management agency reports) related to methods of
assessing fisheries vulnerability to climate change.
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2. Enable knowledge transfer and shared learning
among experts in fisheries science and
management by documenting practical experience
and findings of a joint science-management-
industry workshop to assess the vulnerability of
four U.S. West Coast fisheries to climate change.

Accomplishments

Objective 1: Built a foundation for literature review
developed in previous reporting period, which will
form the context for the paper under development.
Objective 2: Not met yet; writing in process.
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CENTER FORSCIENCE IN THE EARTH SYSTEM: CLIMATE
DYNAMICS/EXPERIMENTAL PREDICTION/ARC & RISA

TRANSITION

Pl
Amy Snover - UW Climate Impacts Group

Other UW Personnel

Ingrid Tohver, Lara Whitely Binder, Brigid Dotson,
Eric Salathé, and Guillaume Mauger - Climate
Impacts Group

Task 11l

NOAA Sponsor

Caitlin Simpson - Climate Program Office

NOAA Goals
Climate Adaptation and Mitigation

Description

This grant was a final award in 2010 to support the
Climate Impacts Group’s (CIG’s) projects involving
hydrological forecasting and regional climate
modeling with the intent to “archive, document, and
transition results of prior and ongoing work,” and to
continue to support the stakeholders” access to this
data through various means.

Accomplishments

1. This funding supported ongoing efforts to
maintain, deliver, and support public use of CIG
datasets of downscaled climate and hydrological
projections.

a. Data from the Columbia River project have
been widely used by stakeholders in the Pacific
Northwest (PNW) region, and this grant
continues to support the archiving, updating,
and maintenance of the website through efforts
this past year from Ingrid Tohver, Guillaume

Mauger, and Brigid Dotson. It also supports the

monthly fees associated with backing up the
website.

b. In addition, CIG now serves and archives more

than six additional datasets from downscaled
climate and hydrological modeling projects.

They cover territory from the local and regional
(Washington and Oregon) to the western United
States. During the reporting period, usability
and accuracy of these datasets were improved
through work to clean up the data archives,
derive and serve additional data products, and
format and correct a subset of the files.

2. This funding supported half the printing costs of

color versions of the National Climate Assessment
Report, “Climate Change in the Northwest,”
published by Island Press.

a. “Climate Change in the Northwest: Implications
for Our Landscapes, Waters, and Communities”
assesses the state of knowledge about key
climate impacts and consequences to various
sectors and communities in the PNW. It was
developed to accompany the 2014 National
Climate Assessment, and draws on a wealth of
peer-reviewed literature and earlier state-level
assessment reports conducted for Washington
in 2009 and Oregon in 2010. As an assessment,
it summarizes the key climate change topics
as reflected in the growing body of Northwest
climate change science, impacts, and adaptation
literature currently available.

b. This report serves as an updated resource
for scientists, stakeholders, decision makers,
students, and community members interested
in understanding and preparing for climate
change impacts in Oregon, Washington, and
Idaho. This more detailed, foundational report is
intended to support the key findings presented
in the Northwest chapter of the Third National
Climate Assessment.

c. The 271-page report, which draws on the
expertise of dozens of scientists and subject-
matter experts within the region, was edited by
Meghan Dalton and Phil Mote of the Oregon
Climate Change Research Institute, and Amy
Snover of CIG.

3. This funding contributed to the successful


http://warm.atmos.washington.edu/2860/
http://cses.washington.edu/cig/reports.shtml#anchor2
http://occri.net/reports
http://www.globalchange.gov/what-we-do/assessment
http://www.globalchange.gov/what-we-do/assessment
http://cses.washington.edu/cig/reports.shtml
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convening of the Fifth Annual PNW Climate
Science Conference, the venue for delivery of
scientific results on regional climate science.

a. On September 9-10, 2014, UW hosted the 5th
Annual PNW Climate Science Conference,
which brings together regional researchers
and practitioners to discuss scientific results,
challenges, and solutions related to the impacts
of climate on people, natural resources, and
infrastructure in the PNW. It is the region’s
premier opportunity for a cross-disciplinary
exchange of knowledge and ideas about
regional climate, climate impacts, and climate
adaptation science and practice. The conference
also provides a forum for presenting emerging
policy and management goals, objectives,
and information needs related to regional
climate impacts and adaptation. Conference
participants include policy- and decision-
makers, resource managers, and scientists from
academia, public agencies, sovereign tribal
nations, non—governmental organizations, and
the private sector.

b. Conference leadership rotates between the UW,
Oregon State University, and the University
of Idaho. The UW led the organization,
coordination, and overall sponsorship of the
conference in 2014, with Eric Salathé serving
as the conference committee chair, and
Lara Whitely Binder functioning as the lead
organizer. Funds supported Whitely Binder’s
leadership in organizing the conference, which
hosted all of the key regional climate change
researchers and stakeholders for sharing and
disseminating critical data and information
regarding climate change. Whitely Binder
raised the sponsorship funds via numerous
agencies, institutions, and non-governmental
organizations. She also collected and organized
the review of hundreds of abstracts for
presentations and posters, and facilitated the
final selection process. Among other tasks, she
drafted the conference agenda and organized
regular planning webinars and in-person
meetings. The efforts of Whitely Binder, Salathé,
and the CIG administrative team resulted in
attendance by more than 400 participants, some
from outside the PNW region. Evaluations
indicate that this was a very valuable meeting

for the attendees, and an excellent way of
bringing together key regional players in the
area of climate change science, as well as climate
change adaptation and engagement for the
purpose of dialogue and sharing of research,
data, and ideas for future efforts.
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CALIFORNIA NIDIS PILOT
PI

Anne C. Steinemann - Department of Infrastructure
Engineering, University of Melbourne (formerly UW
Civil and Environmental Engineering/Evans School
of Public Affairs)

Task Il

NOAA Sponsor
Chad McNutt - Climate Program Office

Other NOAA Personnel
Robin Webb - Earth System Research Laboratory

NOAA Goal
Climate Adaptation and Mitigation

Description

My work with the California National Integrated
Drought Information System (NIDIS) Pilot spans the
design, development, implementation, and evaluation
of drought early information resources and strategies,
working closely with both the producers and users of
drought information, including agencies, industries,
institutions, tribes, and other major stakeholders. The
Pilot is implemented through four Pilot Activities,
each of which explore important and distinctive
phenomena of drought: 1) Southern California,
complexities of urban droughts in a well-plumbed
system, heavily reliant on imported water; 2) Russian
River, hydrologic extremes with droughts draining
reservoirs and precipitation events filling reservoirs;
3) Central Valley, remote sensing to assess the extent
of fallowed land; and 4) Klamath Basin, integrated
hydroclimate information system in a complex water
environment.

Results from the California Pilot will include the
following: early warning information capabilities for
a range of decisions; user communities; temporal and
spatial scales; real-time on-the-ground use of NIDIS
information; demonstrating ways that early warning
capabilities can reduce drought costs and impacts;
and products, resources, and lessons that can be
transferred to the rest of the nation. The results of my
work and the overall project, including stakeholder
meeting summaries and the four Pilot Activities, are
detailed on the California NIDIS Pilot website.

Objectives
1. Design California NIDIS pilot and implementation
strategy.

2. Evaluate California NIDIS pilot and process.

3. Evaluate drought indicators, triggers, and early
warning system.

Accomplishments

1. Led drought preparedness activities involving
more than 100 water agencies, organizations,
industries, tribes, and other stakeholders to
develop and provide drought early warning
information to decision makers throughout
the state of California. Results include drought
monitoring and forecast products to help
assess and better predict drought conditions,
communicate drought information, inform
decisions, and reduce drought impacts.

2. In the Southern California NIDIS Pilot Activity,
addressed drought issues in a major metropolitan
area where water supplies are primarily imported
and water demands are heavily residential. Worked
with stakeholders to a) identify indicators, within
Southern California, as well as key water source
regions in the state and the Colorado Basin that
are important for representing and communicating
complexities of drought; b) developed indicators
for drought assessment and forecasting in
ways that are meaningful to stakeholders; and
c) characterized historic droughts using these
stakeholder-informed indicators.

3. Developed a percentile-based indicator system for
analyzing the frequency, duration, and severity
of historic droughts, and for characterizing and
monitoring current conditions. Found that the
severity of drought conditions developing in early
2014, based on a 12-month precipitation anomaly,
would be expected to occur less than once every
10,000 years.

4. Partnered with the California Rural Water
Association, California Department of Water
Resources, and California-Nevada Applications
Program (CNAP) to provide a series of drought
preparedness workshops and resources to small
water systems and tribes, who are often reliant on
vulnerable groundwater resources.
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5. Conducted studies of the use and value of early
warning information for drought preparedness,
and of NIDIS for providing a needed federal role.

Decision-Making Resources and Publications
+ NIDIS Southern California Pilot Activity

« Highlights of our NIDIS and CNAP research,
applications, and outreach activities

o California Drought Information

Workshops, Presentations, and Reports
 Improving Drought Prediction

+ Drought Impacts Reporting
« Small Water Systems Workshops

1. California Rural Water Association

2. California Water Commission

« Hosted two California Drought Forums
in 2014 that brought together more than
several hundred stakeholders from across the
state to understand the extent of recent and
current drought impacts, to discuss drought
information uses and needs for decision
making, and to learn from efforts underway
to strengthen long-term preparedness and
resilience. The forum also provided state-of-
the-art information on drought conditions,
forecasts, and other drought-related science.
The forums were co-organized and co-
sponsored by NIDIS and California partners.

1. California Drought Outlook Forum

2. Making Decisions in Dry Times: Science
and Strategies for Dealing with Drought



www.drought.gov/drought/content/california-southern-california-pilot-activity
http://cpo.noaa.gov/sites/cpo/Publications/RISA/CNAP%20Observations%20%231.pdf
http://cnap.ucsd.edu/pdffiles/CNAP_CAdrought_aug2014.pdf
cnap.ucsd.edu/western_drought.html
www.westernstateswater.org/improving-drought-prediction-at-seasonal-to-inter-annual-timescales-workshop-presentations/
www.westernstateswater.org/workshop-on-measuring-quantifying-and-reporting-drought-impacts-presentations/
http://www.watereducation.org/aquafornia-news/news-release-preparing-possibility-dry-2014
https://cwc.ca.gov/Documents/2014/03_March/Small%20Systems%20Workshop%20Meeting%20Materials/SmallSystems_SummaryRecommendations_Final_7_14_14.pdf
http://www.drought.gov/drought/news/california-drought-outlook-forum-what%E2%80%99s-ahead-and-what-we-can-do
http://www.drought.gov/drought/news/presentations-california-drought-forum-may-2014
http://www.drought.gov/drought/news/presentations-california-drought-forum-may-2014
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IMPROVING CFS SEA ICE PREDICTABILITY THROUGH
UNDERSTANDING THE ROLE OF ATMOSPHERIC
FORCING AND ICE THICKNESS CONTRIBUTIONS

Pl
Muyin Wang - Joint Institute for the Study of the
Atmosphere and Ocean

Other UW Personnel

Qiong Yang - Joint Institute for the Study of the
Atmosphere and Ocean

Jinlun Zhang - Applied Physics Laboratory

Task Il

NOAA Sponsor
James Overland - Pacific Marine Environmental
Laboratory

Other NOAA Personnel

Wangiu Wang - National Centers for Environmental
Prediction

Jessie Carman — Office of Weather and Air Quality

NOAA Goals
Weather-Ready Nation
Healthy Oceans

Description

Over the past decade, summer Arctic sea ice extent
was reduced by 40%, whereas sea ice volume was
reduced by 75% (Overland and Wang, 2013). Such
continuing rapid changes in the Arctic and the
potential need for improved services provide a
strong incentive to increase resources to evaluate and

provide credible, reliable sea ice forecast information.

Improved prediction of regional Arctic sea ice
concentration, motion, and thickness are required
for decisions on operations of infrastructure, safe
shipping, and marine resource management.

Objectives

We seek to improve sea ice predictions in the

Arctic by re-initializing the National Centers for
Environmental Prediction (NCEP) Coupled Climate
Forecast System version 2 (CFSv2) with more
realistic ice thickness distribution provided by the

Pan-Arctic Ice Ocean Modeling and Assimilation
System (PIOMAS). We will separately evaluate

the contributions from atmospheric forcing and
internal sea ice dynamics. The outcome will provide
model system improvements and quantification of
uncertainties of predictions of near future sea ice
conditions.

Accomplishments

1. Muyin Wang and Qiong Yang have been
downloading the operational Climate Forecast
System (CFS) forecast products (monthly, daily,
and 6-hourly) twice a month since March 1, 2014.
We have accumulated more than 5 terabyte (TB)
of forecast data, and initial assessment of the
monthly forecasts with a target forecasting month
of September 2014 is nearly complete.

2. Jinlun Zhang conducted a PIOMAS near real-
time hindcast every day over the period of March
8-12, 2015. The daily Arctic sea ice thickness data
generated by PIOMAS were then sent to Wangiu
Wang at NCEP each day during that period.
These daily available data were used as initial
ice thickness conditions to conduct ensemble
CFS forecasts of Arctic sea ice in the spring and
summer of 2015.

3. Wangiu Wang completed forecasts with CFS
from March 8-12, 2015 with both PIOMAS and
Climate Forecast System Reanalysis (CFSR)
initial conditions. These forecasts will be used by
the National Weather Service Alaska Office for
their seasonal sea ice outlook. We also completed
hindcast experiment runs from May 1, June 1,
July 1, and August 1, 2014 using both CFSR and
PIOMAS initial ice conditions.
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ARCTIC PROJECT

Pl
Muyin Wang - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel

Kevin Wood, Qiong Yang, and Nicholas A. Bond -
Joint Institute for the Study of the Atmosphere and
Ocean

Task Il

NOAA Sponsor

Janet Intrieri — Earth System Research Laboratory

Other NOAA Personnel

Kathy Crane, James E. Overland, Phyllis Stabeno,
Sigrid Salo, Sue Moore, and Nancy Soreide - Pacific
Marine Environmental Laboratory

NOAA Goals
Climate Adaptation and Mitigation

Description

There has been a marked acceleration of
environmental changes and impacts in the Arctic
since 2007. Change is occurring sooner than
projected by climate models. The subsequent cascade
of ecosystem and human consequences has resulted
in enhanced access to commercial shipping, tourism
and industrial development (e.g., mining, oil, and gas
prospecting), increased biological productivity, and
shifts of marine mammal habitat. Impacts are evident
on ecosystems-fisheries and marine mammals, coastal
communities, industrial development, perception

of climate change, and mid-latitude weather
connections.

Objectives

Our goal is to strengthen Arctic science and
stewardship, to improve our understanding of
changing climate and environmental conditions, and
to better inform policy options and management
responses to the unique challenges in the Arctic
region.

Among the six prioritized elements below from
NOAAS’ 2011 Arctic Vision and Strategy Document,

PMEL/JISAOQ is a leader in elements 1, 2 and 5:
1. Forecast sea ice on all time scales

2. Strengthen foundational science to understand and
detect Arctic climate and ecosystem changes

3. Improve weather and water forecasts and warnings
4. Enhance international and national partnerships

5. Improve stewardship and management of ocean
and coastal resources in the Arctic

6. Advance resilient and healthy Arctic communities
and economies

Project Areas

1. Arctic Change Detection - We continue to evaluate
and understand recent rapid climate changes in
the Arctic, with special focus on climate impacts
of sea ice loss, and evaluation of future climate
projections at pan-Arctic and regional scales. We
are increasingly involved with communicating
and advising on Arctic synthesis and policy to
NOAAS Arctic Priority Objective Team, the
Marine Mammal Commission, the U.S. Arctic
Research Commission, the International Arctic
Science Committee (IASC), and the U.S. Climate
Variability and Predictability (CLIVAR) program.
This project focuses on:

a. The Arctic Report Card - In 2011, NOAA
described the Arctic Report Card as “influential
scientific information.” The content is organized
into five sections: Atmosphere, Sea Ice & Ocean,
Marine Ecosystems, Terrestrial Ecosystems,
and Hydrology and Terrestrial Cryosphere.

An independent peer-reviewed article was
completed by the Arctic Monitoring and
Assessment Program. Muyin Wang and James
Overland continue to update the Arctic Report
Card annually.

b. The Sea Ice Outlook — The Sea Ice Outlook
builds a community consensus of the summer
sea ice season. This has evolved as part of the
main focus of the Sea Ice Prediction Network
(SiPN) project in which Wang and Overland
are members of the leadership team. Wang is
responsible for organizing bi-monthly webinars
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in 2015 hosted by SiPN. The Sea Ice Outlook for
Walrus is a novel product specifically focused
on capturing changes in sea ice coupled with
weather/wind predictions at a temporal and
spatial scale useful to local hunters in the Bering
Strait region.

c. Coupled Climate Models Assessments —
We continue our efforts of climate model
assessment and evaluations, with a focus on
the sub-Arctic Sea (e.g., the Chukchi Sea, the
Beaufort Sea, the Bering Sea, and the Barents
Sea), on sea ice, surface air temperature, and
related fields. The research results have also
helped other projects/programs cross the
agencies, such as the Bureau of Ocean Energy
Management (BOEM) funded Synthesis of
Arctic Research project (SOAR), the IASC
working group, the U.S. Geological Survey (via
David Douglas), and the Walrus Project.

d. Rapid Changes in the Arctic and Mid-Latitude
Weather Connections (linkages) - We continue
our research on the rapidity of Arctic changes.
There is growing evidence of increased
connectivity between Arctic changes and mid-
latitude climate and weather.

e. Historical Arctic Climate and Data Rescue —
Kevin Wood’s activities continue efforts at the
U.S. National Archives and elsewhere to recover
historical climate and ecosystem data, and
sparse-input reanalysis.

. Pacific Arctic Group (PAG) Support (Northern
Bering/Chukchi seas) — Our main focus is to
understand and present the historical climate
variability of the region and its relation to
biological productivity and potential ecosystem
changes. We are doing this via the activities listed
below.

a. Synthesis of available data and observations to
understand marine ecosystem variability via the
BOEM-supported SOAR project.

b. The Distributed Biological Observatory (DBO)
promotes long-term north-south biophysical
observations in the Pacific Arctic by multiple
national and international institutions.

c. Historical analysis of Pacific-Arctic region
climate, developing data rescue and analyses
products for the region.

d. Russian-U.S. Long-term Census of the Arctic
(RUSALCA) Support — Wood participated
in the July 8-17, 2014 RUSALCA expedition,
overseeing the marine technical aspects,
and coordinating ship movements and
documentation with Russian and U.S.
authorities.

e. The Bering Climate Website is maintained and
updated by Wang and Soreide.

f. The linkage of Arctic sea ice loss, increased
ocean heat storage, and regional and far-
field winds - this project has featured the use
of a NOAA P-3 research aircraft to test the
hypothesis that increased summer heat storage
in newly sea-ice free ocean regions in the
Arctic led to enhancements in the surface heat
fluxes in autumn that are large enough to have
systematic impacts on atmospheric temperature,
humidity, and wind and cloud distributions.
These modified dynamic and thermodynamic
properties in turn represent a major influence
on the regional meteorology, and potentially,
larger-scale Arctic and sub-Arctic weather
patterns.

Accomplishments
1. Arctic Sea Ice - Wang in collaboration with

Overland of NOAA/PMEL and others has led
ongoing research on the past, present, and future
climate of the Arctic. This work represents an
important foundation for the Arctic Report Card.
This year’s edition showed that mean annual air
temperature continues to increase in the Arctic
at a rate of warming that is more than twice that
at lower latitudes. In winter (January-March)
2014, this Arctic amplification of global warming
was manifested by periods of strong connection
between the Arctic atmosphere and mid-latitude
atmosphere due to a weakening of the polar
vortex. In Alaska, this led to statewide temperature
anomalies of +10°C in January, due to warm air
advection from the south, while temperature
anomalies in eastern North America and Russia
were -5°C, due to cold air advection from the
north. It bears noting that the Arctic Report Card
is becoming an increasingly valuable resource of
information for the region for scientists, other
users, and policy makers.
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2. Coupled Model Intercomparison Project 5 (CMIP)

assessment over the Arctic on ice and atmosphere
— After publishing the results on pan-Arctic model
sea ice assessment, Wang and Overland extended
their study to regional sub-Arctic seas. A paper has
been accepted by Progress in Oceanography, SOAR
special issue.

. Flight operations (Bond, Wang, Wood, and
Overland) were carried out in October 2014,
focusing on the Beaufort Sea. This activity was
designed to build on the series of flights carried out
in autumn 2013, which mostly occurred over the
Chukchi Sea. Unfortunately, the field campaign of
October 2014 ended early due to an engine failure
of the aircraft. Nevertheless, the eight flights from
2013 and three flights from 2014 are providing

an unprecedented opportunity to document air-
ice-ocean interactions in the marginal ice zone
during the beginning of freeze-up. The analysis of
the data is in progress. A portion of the analysis
involves contrasting the atmospheric boundary
layer structure over open water versus that over sea
ice, and investigating the time-varying component
of ocean heat content using repeat hydrographic
sections.

. Wang participated in the PAG fall meeting and
DBO workshops in Seattle in October 2014,

and gave a presentation at each meeting. In
December 2014, Wang gave a poster presentation
at the American Geophysical Union (AGU) fall
meeting held in San Francisco. Wang also gave a
presentation at the BOEM-sponsored Chukchi
Sea Interdisciplinary session at the Alaska Marine
Science Symposium January 2015 in Anchorage.
Wang gave another presentation at the Polar
Prediction workshop that was held April 8-10 in
Reading, UK.

. Wood continues his leadership role in the joint
imaging programs at the U.S. National Archives
and at the New Bedford Whaling Museum. It has
now identified and imaged more than 500,000
pages of ship logbooks. These pages contain
valuable weather, sea ice, and other environmental
observations about the Arctic in past. Old Weather
citizen-scientists have already transcribed millions
of new-to-science weather records, and these are
now flowing into global databases where they

will be used to fuel sparse-input reanalysis and
reanalysis-driven sea-ice modeling experiments in

the near future. Not surprisingly, initial review of
the sea ice data extracted from the logbooks so far
reflect an Arctic ice pack that is thicker and more
seasonally consistent than is the case today. As of
yet, we have found no indications of a large sea ice
reduction in the Pacific Arctic comparable to the
present.
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QUANTIFICATION OF MARINE MICROPLASTICS IN THE
SURFACE WATERS OF THE GULF OF ALASKA

PI
Joel Baker — Center for Urban Waters, UW Tacoma

Other UW Personnel

Julie Masura — Center for Urban Waters, UW Tacoma
Miriam Doyle - Joint Institute for the Study of the
Atmosphere and Ocean

Task 11l

NOAA Sponsor
Alison Hammer Weingast - NOAA Marine Debris
Program

Other NOAA Personnel

Ann Matarese — Alaska Fisheries Science Center

NOAA Goals
Healthy Oceans

Description

Marine microplastics are defined as solids between
0.33 and 5 mm that are primarily composed of
synthetic polymers. With prior support from the
NOAA Marine Debris Program, we have developed
sampling and analytical methods to collect, isolate,
identify, and quantify microplastics in marine water
samples. These and similar methods are being

used globally to detect marine microplastics, and
several on-going efforts are underway to catalog and
synthesize these studies (e.g., Intergovernmental
Oceanographic
Commission Group

of Experts on the
Scientific Aspects of
Marine Environmental
Protection [IOC

Sampling Year

Cruises

for microplastics in surface waters to be compatible
with well-established ichthyoplankton survey
techniques in order to efficiently and economically
add microplastic quantification into existing marine
field surveys. In this project, we are analyzing already
collected ichthyoplankton net tow samples from the
Gulf of Alaska for marine microplastics using our
established protocols.

Objectives

There are two objectives to the proposed study:

1. To establish a baseline of the abundance and spatial
and temporal variability of marine microplastics
in the Gulf of Alaska, a heretofore unstudied (with
respect to microplastics) region of the Pacific well
known to be impacted by larger marine debris.

2. To test the hypothesis, based on observations made
during collection, that samples collected during
Spring 2013 have more marine microplastics
(especially foam’) than those collected from the
same area in previous years. The suggestion is that
long-range surface transport of debris from the
Fukushima earthquake and subsequent tsunami
impacted the Gulf of Alaska, and these archived
samples provide an excellent opportunity to
rigorously test this hypothesis.

Accomplishments

Miriam Doyle coordinated with her collaborators
to identify and make available 151 archived net tow
samples from the Gulf of Alaska, as follows:

Number of Samples
Processed as of
March 31,2015

Number of
Samples Received

GESAMP] Working 2004 7MFo4: 9/2004 (partial) 25 16
Group 40 of

200 2MFo5: 2-3/2005 (complete 26 26
which Joel Baker > e el
and Courtney 1TT11: 4-5/2011 (partial)
Arthur are the U.S. i 1TX11: 4-5/2011 50 33

. 2DY11: 6/201

representatives). We
deliberately designed 4DY13: 4/2013

2013 - 50 o
the sampling methods 6DY13: 5-6/2013
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These samples were collected using consistent NOAA
ichthyoplankton sampling techniques, were preserved
in formalin, and have been previously analyzed for
larval fish. The samples were archived in Poland, and
after Doyle consulted with NOAA and the North
Pacific Research Board to finalize permissions and
logistics to use them, the samples were received at the
University of Washington Tacoma Center for Urban
Waters in August 2014.

Each sample is being entirely used for microplastics
analysis, avoiding possible complications of
subsampling. The selected archived samples (each in
approximately 1L of formalin) are screened through
Nytex mesh and processed for microplastics using our
density gradient and oxidation separation method.
The mass of dried solid material and the mass of
microplastics in each tow sample is quantified and
reported as mass of microplastic per volume of water
transected by the net and as mass of plastic per mass
of dried material collected. Isolated microplastics
from each sample are archived for further analysis,
including Fourier Transform Infrared Spectroscopy
(FTIR) compositional work, should additional
resources be available.

Samples were received and inventoried at the Center
for Urban Waters in August 2014. Since then,

we have been processing batches of samples for
microplastic content, and have completed analysis

of 75 of the 151 samples. We continue to compile
the corresponding field records (volume of water
sampled per tow). During the next three months, we
anticipate completing the remaining sample analysis,
with a final report completed in August 2015.

Preliminary draft information:

Microplastic Concentration

(mg plastic/g dry weight)

No exceptional difficulties were encountered in
separating and quantifying the microplastic materials
from the net tow samples. Of the first half of the
samples analyzed to date, between 50 and 80% of

the samples contain detectable levels of microplastic
particles. Further statistical analyses of the data await
completion of the laboratory work.

We anticipate completing the sample analysis
during Summer 2015, with statistical analysis and
manuscript preparation completed during August
2015. The project is on schedule and within budget.

Samples | Percent of Samples Geometric
Sample Year | Analyzed | Containing Plastic Mean
16 8 o 58 6

2004 1%
2005 26 50% (0]
20M 31 79% (0]

334 68
668 30
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ATMOSPHERIC CHEMISTRY - AEROSOL PROGRAM

Pl
Tim Bates - UW Joint Institute for the Study of the
Atmosphere and Ocean

Other UW Personnel

David Covert — Department of Atmospheric Sciences
Drew Hamilon and James Johnson - Joint Institute
for the Study of the Atmosphere and Ocean

Task Il

NOAA Sponsor
David Fahey - Earth System Research Lab/Chemical
Sciences Division

NOAA Personnel

Derek Coffman, Kristen Schulz and Patricia Quinn -
Pacific Marine Environmental Laboratory

NOAA Goals

Climate Adaptation and Mitigation
Weather-Ready Nation

Description

The Atmospheric Chemistry —Aerosol Program

is designed to quantify the spatial and temporal
distribution of natural and anthropogenic
atmospheric aerosol particles, and to determine

the physical, meteorological, and biogeochemical
processes controlling their formation, evolution, and
properties.

Objectives
1. Determine the factors controlling the flux of sea
spray aerosol to the atmosphere.

2. Develop and test unmanned aerial systems (UAS)
payloads for the 2015 Cooperative Investigation of
Climate-Cryosphere Interaction (CICCI-3) field
study.

3. Determine the role of aerosol and snow chemistry
in the Unitah Basin wintertime ozone chemistry.

Accomplishments
1. We organized and participated in the Western
Atlantic Climate Study (WACS-2), an ocean-

derived aerosol cruise on R/V Knorr in May/

June 2014. A data workshop for the project was
held in Beaufort, NC in March 2015. The purpose
of this study was to measure the flux of ocean-
derived aerosol to the atmosphere over biologically
productive and non-productive waters. Breaking
waves on the ocean surface generate air bubbles
that scavenge organic matter from the surrounding
sea water. When injected into the atmosphere,
these bubbles burst, yielding sea spray aerosols
enriched in organic matter relative to the sea water.
Downwind of plankton blooms, the organic carbon
content of sea spray aerosol is weakly correlated
with satellite-derived measurements of chlorophyll
a levels, a measure of phytoplankton biomass. This
correlation has been used in large-scale models

to calculate the organic enrichment in sea spray
aerosol. We assessed the relationship between the
organic carbon content of sea water and freshly
emitted sea spray aerosol in the presence and
absence of plankton blooms in the North Atlantic
Ocean. The organic carbon content of freshly
emitted sea spray aerosol was similar in all regions
sampled, despite significant differences in seawater
chlorophyll a levels. The proportion of freshly
emitted aerosols that served as cloud condensation
nuclei at a given supersaturation was also similar
across sampling sites. The large reservoir of
organic carbon in surface sea water remained
relatively constant across the regions sampled,

and independent of variations in chlorophyll a
concentrations. We suggest that this reservoir is
responsible for the organic carbon enrichment of
freshly emitted sea spray aerosol, overwhelming
any influence of local biological activity as
measured by chlorophyll a levels.

2. We conducted UAS test flights in Yakima, WA

in April 2014 and January 2015 in preparation

for the CICCI-3 study that will take place in
Svalbard, Norway in April 2015. Working with
Earth System Research Lab/Chemical Sciences
Division (ESRL/CSD) we have expanded our
aerosol measurement payload to include a printed
optical particle spectrometer to obtain aerosol size
distributions and an upward looking radiometer
to measure radiant flux densities through aerosol
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layers. Working with the Lamont-Doherty Earth
Observatory (LDEO) we are developing several
new imaging, radiation, meteorological fluxes, and
dropsonde payloads. The central goal of CICCI-3
is to improve the understanding of processes
controlling the distribution of black carbon (BC)
in the Arctic atmosphere, the deposition of BC to
snow and ice surfaces, and the resulting climate
impacts.

. We participated in the Unitah Basin Wintertime
Ozone Study in 2012, 2013, and 2014. The final
data workshop was held in June 2014. During

the stagnation periods in the basin, the aerosol
number size grew during the afternoon but
decreased again during the night, most likely
from dilution with air from above the inversion.
Campaign averaged nitrate and ammonium data
showed a minimum in concentrations at 0600-
0700 and an increase in concentrations until
2000-2100. Nitrite and nitrate concentrations

in the snow increased with time until blanketed
with freshly falling snow. The timing and gradient
of daytime nitrous acid (HONO) suggested a
nitrogen source from the snow. The high alkaline
dust concentrations in the snow, however, reduced
the photochemical activity in the surface snow.
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NUTRIENTS

Pl
Calvin Mordy - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel

Peter Proctor and Drew Hamilton - Joint Institute for
the Study of the Atmosphere and Ocean

Task Il

NOAA Sponsor
Dennis Moore — Pacific Marine Environmental
Laboratory

Other NOAA Personnel

Eric Wisegarver - Pacific Marine Environmental
Laboratory

NOAA Goals
Healthy Oceans

Description

The Repeat Hydrography CO,/Tracer Program

is a systematic and global reoccupation of select
hydrographic sections to quantify changes in

storage and transport of heat, fresh water, carbon
dioxide (COZ), chlorofluorocarbon tracers, and
related parameters. It builds upon earlier programs
(e.g., World Ocean Circulation Experiment/Joint
Global Ocean Flux Survey during the 1990s) that
have provided full-depth data sets against which

to measure future changes, and have shown where
atmospheric constituents are entering the oceans. The
Repeat Hydrography CO,/Tracer Program will reveal
much about internal pathways and changing patterns
that will impact the carbon sinks on decadal time
scales.

The primary goal is to assess changes in the ocean’s
biogeochemical cycle in response to natural and/or
man-induced activity. For example, changes in the
ocean’s transport of heat and freshwater could affect
the circulation by altering thermohaline overturning.
Because the Argo array has a depth range of 2000 m,
and cannot fully resolve the chemical signatures of
the water column, repeat hydrographic measurements
are the only global measurement program capable of
observing these long-term trends deep in the ocean.

Objectives

1. To make high-quality measurements of inorganic
nutrient (nitrate, nitrite, phosphate and silicate)
concentrations in seawater on CLIVAR repeat
hydrographic cruises.

2. Perform data quality control.

3. Make this data available to the climate and carbon
research community.

The data are used for measuring spatiotemporal
trends in biogeochemical properties; model
calibration and validation; carbon inventory and
transport estimates; and deep and shallow water mass
and ventilation studies.

Accomplishments
The team was responsible for processing nutrient data
collected in FY14 during the Repeat Hydrographic
Line A16S in the Atlantic Ocean, and collecting
nutrients on the Repeat Hydrographic Line P16N
(April - June, 2015). Eric Wisegarver participated on
each cruise, and conducted high precision shipboard
analysis of phosphate, nitrate, nitrite and silicic

acid on samples
collected from

the conductivity,
temperature and
depth (CTD)
rosette at discrete
depths. Quality
control of the

A16S data set

was completed,
and the final data
is available and
archived at the
CLIVAR & Carbon
Hydrographic Data
Office (CCHDO)
website. Quality
control and
submission of the
P16N data will
occur in FY15.
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MARINE CARBON PROGRAM

Pl
Joseph Resing - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel

Adrienne Sutton, Geoftrey Lebon, Sylvia Musielewicz,
Morgan Ostendorf, John Osborne, Remy Okazaki,
Sonya Ruth Newell, and Colin Dietrich - Joint
Institute for the Study of the Atmosphere and Ocean
Andrea Fassbender and Nancy Williams - School of
Oceanography

Task Il

NOAA Sponsor
Richard Feely - Pacific Marine Environmental
Laboratory

Other NOAA Personnel

Christopher Sabine, Simone Alin, Jeremy Mathis,
Dana Greeley, Cathy Cosca, Dave Wisegarver,
Stacy Jones, and Randy Bott — Pacific Marine
Environmental Laboratory

NOAA Goals

Climate Adaptation and Mitigation

Healthy Oceans

Resilient Coastal Communities and Economies

Description

The Marine Carbon Program provides a mechanism
for research collaboration between Pacific Marine
Environmental Laboratory (PMEL) scientists, JISAO
scientists, and other University of Washington staft
with common interests in the marine carbon cycle
and its interactions with atmospheric CO, and
climate. The program focuses on multidisciplinary
research involving atmosphere-ocean CO, exchange
fluxes, water column CO, distributions and transport,
data interpretation and modeling, and ocean
acidification. Special emphasis will be placed on the
continuing effort to enhance our understanding of
the role of the ocean in sequestering the increasing
burden of anthropogenic carbon dioxide in the
atmosphere, and the changes that are occurring due
to ocean acidification. Project goals include:

1. Determining the air-sea exchange of CO, from

measurements collected on research ships,
volunteers observing ships, and moorings.

2. Determining the distribution and transport of
CO, into the ocean interior from measurements
collected onboard NOAA and University-National
Oceanographic Laboratory System research ships.

3. Determining the extent of the chemical changes
that are occurring in the oceans as a direct result of
ocean acidification.

Objectives

1. Collect dissolved inorganic carbon (DIC) and
process data on the P16N GO-SHIP cruise: PMEL
provided equipment and personnel for the P16N
cruise which departed in April 2015.

2. Service 38 CO, and ocean acidification moorings:
In order to maintain sustained time series, the
moored CO, systems and other sensors need to be
swapped out with new systems at least once per
year. The schedules for servicing are different for
each system.

3. Perform required maintenance on underway CO,
systems: We maintain four underway CO, systems
that require regular servicing.

4. Collect and analyze discrete samples from the
Puget Sound in partnership with the Washington
Ocean Acidification Center (WOAC). We
have continued working with a number of our
colleagues in the Pacific Northwest to collect
and analyze discrete carbon samples and deploy
autonomous sensors in shellfish hatcheries.

Accomplishments

1. Conducted final DIC data processing for GO-
SHIP Repeat Hydrography Section P16S in the
Pacific. All data have been submitted to the Carbon
Dioxide Information Analysis Center.

2. Maintained five underway CO, systems.

3. Deployed and/or maintained 38 moored CO,
systems.

4. We have continued analyzing discrete samples
collected on a number of cruises conducted with
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our collaborators including samples collected in
partnership with WOAC; sampling the Newport
Hydrographic Line with Oregon State University
(OSU) and NOAA/National Marine Fisheries
Service colleagues based in Oregon; collecting and
analyzing samples during mooring maintenance
cruises with our colleagues at NOA A’s Olympic
Coast Marine National Sanctuary; and samples
from ocean acidification surveys conducted by
scientists at NOA A’s Pacific Islands Fisheries
Science Center around many of the remote island
chains in the Pacific Ocean.
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CHLOROFLUOROCARBON TRACER PROGRAM

Pl
Rolf Sonnerup - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel

Bonnie Chang and Sophia Wensman - Joint Institute
for the Study of the Atmosphere and Ocean

Task Il

NOAA Sponsor
John Bullister — Pacific Marine Environmental
Laboratory

Other NOAA Personnel

David Wisegarver — Pacific Marine Environmental
Laboratory

NOAA Goals
Climate Adaptation and Mitigation

Description

The concentrations of chlorofluorocarbons (CFCs),
along with a number of other anthropogenic
compounds like CO,, increased significantly in the
global atmosphere during the past century. Oceanic
CFC concentrations can be modeled as functions of
location and time, and their sea surface histories are
fairly well understood. Studies of the entry of CFCs
from the atmosphere into the surface ocean, and the
subsequent transport of these compounds into the
ocean interior provides a unique description of the
time-integrated oceanic circulation and uptake of
anthropogenic CO, and heat. These tracer data can
be used to estimate the rates and pathways of ocean
circulation and mixing processes, and as a means of
testing and evaluating numerical models of ocean
circulation. The development and testing of such
models is critical for understanding the present state
of the ocean-atmosphere system, in quantifying

the role of the oceans in the uptake of climatically
important trace gases such as CO,, and improving
predictions of climate change for the upcoming
century. Finally, the tracer data themselves have made
important contributions to data-based estimates

of oceanic uptake of anthropogenic CO,, decadal
ventilation timescales, changes in ventilation, and
ocean biological cycling rates.

Our group has pioneered efficient methods for
measuring sulfur hexafluoride (SF,) in the ocean
interior (Bullister and Wisegarver, 2008), and the

use of simultaneous determinations of independent
transient tracers in the ocean to estimate mixing in
the ocean interior, and its impacts on transient tracer
ages (Sonnerup, 2001, Bullister et al., 2006, Sonnerup
et al., 2007; 2008; 2013). The simultaneous use of two
transient tracers to account for the effects of mixing
provides improved accuracy in estimating ocean
CO, uptake and ocean acidification from CFCs. In
addition, the availability of concurrent CFC and SF,
measurements now makes it possible to estimate
circulation rate changes from transient tracers, and
provide carbon remineralization rates in the ocean
interior that can be used as benchmarks to evaluate
carbon export rates from overlying surface waters. A
further refinement to our measurement techniques
also allows for precise measurements of dissolved
nitrous oxide (N,O) in seawater. Because N,O plays
an important role in the marine nitrogen cycle, this
affords an opportunity to use the tracer and N,O
measurements in combination to estimate key rates of
denitrification in the ocean.

Project Goals

1. A key goal of the Chlorofluorocarbon Tracer
Program is to document the transient invasion
of CFCs and other tracers (including SF,) into
the thermocline and deep waters of the world
ocean, by means of repeat long-line hydrographic
sections and at time-series stations, and to improve
methods for using CFC observations to estimate
the ventilation rate of water masses in the ocean.

2. A second key goal of this program is to use
information on the rates and pathways of the
invasion of these compounds in the ocean to
improve estimates of the rate of uptake of other
gases, including anthropogenic carbon dioxide in
the ocean and the rates of a variety of important
biogeochemical processes.

3. A third goal is to incorporate CFCs and other
tracers in large-scale ocean circulation models, and
to evaluate the ability of these models to simulate
observed tracer distributions in the ocean. Such
tests are essential for detecting problems with and
improving the models.



4.

ENVIRONMENTAL CHEMISTRY

Recently we have a
developed a method for
measuring full sections

of N,O in the oceans

and we plan to use these
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1.

Quantification of
oceanographic ventilation
processes through
collection and analysis

of CFC, SF, and
hydrographic data.

. Using CFC and SF,

observations to improve estimates of the uptake of
anthropogenic carbon dioxide in the ocean.

. Using CFC and SF, observations to quantify

oxygen utilization rates in the ocean interior.

. Using combined CFC and SF, observations as

a means of testing and evaluating large-scale
numerical models of the ocean.

. Using CFC and SF, observations for quantifying

the temporal evolution of tracer ages and
correcting for tracer age drift due to mixing
processes.

. Participate on oceanographic expeditions as part of

the global CLIVAR/GO-SHIP Repeat Hydrography
Program.

. Quantify regional oceanic denitrification rates

via dissolved nutrients, N,O and CFC/SF .
observations.

. Identify dominant biological metabolic pathways

controlling the distribution of marine dissolved
N O
2

Accomplishments

1.

2.

Reconstructed changes in the marine Nitrogen
cycle in the North Pacific Ocean.

Computed water column calcium carbonate
dissolution rates in the North Atlantic Ocean.

Research highlight. The deposition rate of atmospheric anthropogenic nitrogen to the North
Pacific Ocean (left), and the increase of dissolved nitrogen in the North Pacific subtropical
thermocline reconstructed, over the past 30 years, using CFC ages (right). The tracer observations
in key water masses allow changes over the past 50 years to be reconstructed from modern day
datasets alone. Adapted from Kimetal., 2014.

3. Measured N,O on two surveys in Hood Canal, a
fjord in Washington State. Served as chief scientist
on one of these surveys, and conducted an REU
summer project including the N,O and dissolved
0, and nutrient measurements.

4. Finalized oceanographic CFCs, SF,, and N,O data

from three long cruises in the Atlantic Ocean, and
submitted these data to national and international
data archives as part of the CLIVAR/GO-SHIP
Repeat Hydrography Program.

5. Examined in detail the constraints on transit
time distributions in the Southeast Pacific Ocean
provided by CFC and SF, data. The transit time
distributions were used to improve estimates of
thermocline ventilation and oxygen utilization
rates in the South Pacific Ocean (manuscript
accepted pending minor revisions by Journal of
Geophysical Research).

6. Measured the ®N/“N and *0O/'°O of marine N,O,
including the specific isotopic ratios of the two
(non-equivalent) nitrogen atoms, from samples
collected in the Eastern Tropical North Pacific
Ocean.

7. Participated in a research cruise to the tropical
South Pacific Ocean, and collected marine N2O
samples for later isotopic analysis.
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TROPICAL ATMOSPHERE - OCEAN INTERACTION

Pl
Dongxiao Zhang - UW Joint Institute for the Study
of the Atmosphere and Ocean

Other UW Personnel

Patrick Berk, Sonya Brown, Daniel Dougherty,
Curran Fey, William Higley, Robert Marshall, Korey
Martin, Dai McClurg, Linda Stratton, and David
Zimmerman - Joint Institute for the Study of the
Atmosphere and Ocean

Task Il

NOAA Sponsor
Michael J. McPhaden - Pacific Marine Environmental
Laboratory

Other NOAA Personnel
Erich Bohaboy, Paul Freitag, Steve Kunze, and Mike
Strick - Pacific Marine Environmental Laboratory

NOAA Goals
Climate Adaptation and Mitigation

Description

JISAO research on tropical atmosphere-ocean
interaction seeks to improve understanding and
prediction of phenomena such as the El Nifio and

the Southern Oscillation (ENSO), the seasonal
monsoons, the Indian Ocean Dipole (I0OD) and
tropical Atlantic climate variability. Tropical moored
arrays are the foundation of observing systems in each
of the three tropical oceans. The Tropical Atmosphere
Ocean (TAO) in the Pacific was the first to be
implemented beginning in 1984. Originally designed,
implemented, and maintained by PMEL/JISAO, the
TAO array has been operated since 2005 by NOAA’s
National Data Buoy Center (NDBC). Complementing
TAO in the western Pacific since 2000 is the Triangle
Trans-Ocean Buoy Network (TRITON), maintained
by the Japan Agency for Marine-Earth Science and
Technology (JAMSTEC). The Atlantic counterpart

to TAO/TRITON is the Prediction and Research
Moored Array in the Tropical Atlantic (PIRATA),
maintained by PMEL and JISAO scientists in
collaboration with NOAA’s Atlantic Oceanographic
and Meteorological Laboratory and institutions

in Brazil and France. This array provides data to
advance our understanding and ability to predict
intraseasonal-to-decadal variations in the climate of
the Atlantic sector. In addition, PMEL and JISAO
scientists, along with members of the international
community, are engaged in developing an Indian
Ocean moored buoy observing system for monsoon
research and forecasting. This system is called the
Research Moored Array for African-Asian-Australian
Monsoon Analysis and Prediction (RAMA). The TAO
Project Office at PMEL manages PIRATA and RAMA,
which together with TAO/TRITON comprise the
Global Tropical Moored Buoy Array. Research related
to several aspects of ocean-atmosphere interaction
and the role of the ocean in climate is conducted
within this programmatic framework.

Our goals for this project are to: 1) ensure high
quality and timely access to moored time series

data for climate research; 2) contribute to our
understanding of the ENSO cycle, the monsoons, and
tropical Atlantic climate variability; 3) advance the
understanding of decadal variability and trends in the
tropics; and 4) establish RAMA in the Indian Ocean
for climate studies.

Objectives
1. Maintain and enhance the TAO, PIRATA and
RAMA web pages.

2. Increase the number of ATLAS and acoustic
Doppler current profiler (ADCP) moorings in
RAMA.

3. Develop new moored observing technologies to
enhance and sustain climate quality observations
in the tropical oceans.

4. Improve understanding of the ENSO cycle in the
Pacific.

5. Advance understanding of the dynamics of ocean
circulation in the Indian Ocean.

6. Improve our understanding of ocean mixing
in the equatorial Atlantic cold tongue through
examination of the diurnal cycle.

—5_
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Accomplishments

1. Research carried out at JISAO and elsewhere

using data from the TAO/TRITON, PIRATA and
RAMA arrays depends critically on the collection,
quality control, archival, and web-based display
and dissemination of mooring data sets. At JISAO,
considerable effort is devoted to providing easy
access to high quality multi-variate time series
through the TAO web page. Between April 1, 2014,
and March 31, 2015, TAO web pages received
more than 13 million hits, delivered more than
400,000 mooring data files via the Web and more
than 1.8 million files via FTP to the international
community.

. Since last year’s report, we deployed new ATLAS
and ADCP moorings in the Indian Ocean near
0°S, 67°E in August 2014 from the Indian research
vessel Sagar Kanya. These moorings represent
progress in a developing RAMA, which is now 74%
complete, with 34 of 46 planned moorings in place.

. As the ATLAS system ages, several key
components have gone out of production and
replacements have been difficult to locate. At

the same time, new and improved sensors have
become commercially available. PMEL has
developed a new instrument system, dubbed
Tropical Flex, or T-Flex, for use with ATLAS
mooring hardware. Eight prototype systems have
been deployed - one of which was in the past year.
Comparisons between ATLAS and T-Flex systems
indicate that they report comparable data. We
have also conducted a land-based comparison of
ATLAS, T-Flex and BaiLong (China’s version of the
ATLAS) meteorological measurements, ensuring
consistency with RAMA.

. A decadal change in the character of ENSO

was observed around year 2000 toward weaker-
amplitude, higher-frequency events with an
increased occurrence of central Pacific El Nifios.
We assessed these changes in terms of the Bjerknes
stability index (BJ index), which is a measure

of the growth rate of ENSO related sea surface
temperature (SST) anomalies. The individual
terms of the index were calculated from ocean
reanalysis products separately for the time periods
1980-99 and 2000-10. The spread between the
products was large, but they showed a robust
weakening of the thermocline feedback due to a

reduced thermocline slope response to anomalous
zonal wind stress, as well as a weakened wind
stress response to eastern equatorial Pacific SST
anomalies.

. These changes are consistent with changes in the

background state of the tropical Pacific: cooler
mean SST in the eastern and central equatorial
Pacific results in reduced convection there together
with a westward shift in the ascending branch

of the Walker circulation. This shift leads to a
weakening in the relationship between eastern
Pacific SST and longitudinally averaged equatorial
zonal wind stress. Also, despite a steeper mean
thermocline slope in the more recent period,

the thermocline slope response to wind stress
anomalies weakened due to a smaller zonal

wind fetch that results from ENSO-related wind
anomalies being more confined to the western
basin. As a result, the total BJ index is more
negative, corresponding to a more strongly
damped system in the past decade compared to the
1980s and 1990s. (Luebbecke and McPhaden, 2014,
Journal of Climate).

a. We examined equatorial zonal current
variations in the upper layers of the eastern
Indian Ocean in relation to variations in the
IOD using RAMA data and the European
Centre for Medium-Range Weather Forecasts-
Ocean Reanalysis System 4. Surface currents
are characterized by semiannual eastward
flowing Wyrtki jets along the equator in boreal
spring and fall, forced by westerly monsoon
transition winds. The fall jet intensifies during
negative IOD (NIOD) events when westerlies
are anomalously strong, but significantly
weakens during positive IOD (PIOD) events
when westerlies are anomalously weak. As zonal
wind stress weakens during PIOD events, sea
surface height becomes unusually low in the
eastern basin and high in the west, setting up an
anomalous pressure force that drives increased
eastward transport in the thermocline. Opposite
tendencies are evident during NIOD events in
response to intensified equatorial westerlies.
Current transport adjustments to anomalous
zonal wind forcing during IOD events extend
into the following year, consistent with the
cycling of equatorial wave energy around the
basin. A surface layer mass budget calculation
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for the eastern SST pole of the IOD indicates
upwelling of 2.9+0.7 Sv during normal periods,
increasing by 40-50% during PIOD events

and reducing effectively to zero during NIOD
events. IOD-related variations in Wyrtki jet and
thermocline transports are major influences on
these upwelling rates and associated water mass
transformations, which vary consistently with
SST changes. (Nyadjro and McPhaden, 2014,
Journal of Geophysical Research).

b. We used RAMA mooring data and other
data sets to examine zonal currents in the
equatorial Indian Ocean thermocline and their
relation to IOD. Interannual variability of zonal
currents in the eastern equatorial Indian Ocean
thermocline is significantly correlated with SST
in the eastern pole of the IOD. This relationship
is more significant than for zonal currents and
the Dipole Mode Index, the latter of which
measures zonal SST anomaly gradient. The
variability of zonal currents in the thermocline
is consistent with the variations of eastward
pressure gradient force in the thermocline
and the equatorward geostrophic thermocline
flows associated with the shallow meridional
overturning circulations in the eastern
tropical Indian Ocean. Our analysis suggests
a positive feedback between zonal currents in
the thermocline and SST in the eastern pole of
IOD. The combination of equatorial wind and
off-equatorial wind stress curls associated with
SST anomalies in the eastern pole of the IOD
drives interannual variability in equatorial zonal
thermocline flows and its co-variability with the
shallow meridional overturning cells. (Zhang,
McPhaden and Lee, 2014, Geophysical Research
Letters).

6. We used a 15-year time series (1999-2014) from

the 0°, 23°W PIRATA mooring, which includes
an 8-month record (October 2008 to June 2009)
of high-resolution near-surface velocity data, to
analyze the diurnal variability of SST, shear, and
stratification in the central equatorial Atlantic.
The ocean diurnal cycle exhibits pronounced
seasonality that is linked to seasonal variations in
the surface wind field. In boreal summer and fall,
steady trade winds and clear skies dominate, with
limited diurnal variability in SST. Diurnal shear
layers, with reduced Richardson numbers, are
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regularly observed descending into the marginally
unstable equatorial undercurrent below the mixed
layer, conditions favorable for the generation of
deep-cycle turbulence. In contrast, in boreal winter
and spring, winds are lighter and more variable,
mixed layers are shallow, and diurnal variability

of SST is large. During these conditions, diurnal
shear layers are less prominent, and the stability

of the undercurrent increases, suggesting seasonal
covariance between diurnal near-surface shear

and deep-cycle turbulence. Modulation of the
ocean diurnal cycle by tropical instability waves

is also identified. This work provides the first
observational assessment of the diurnal cycle of
near-surface shear, stratification, and marginal
instability in the equatorial Atlantic, confirming
previous modeling results and offering a
complementary perspective on similar work in the
equatorial Pacific. (Wenegrat and McPhaden, 2015,
Journal of Geophysical Research).
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POPULATION CONNECTIVITY VIA LARVAL DRIFT OF
PRIBILOF ISLANDS BLUE KING CRAB IN THE EASTERN

BERING SEA

Pl
David Armstrong — UW School of Aquatic and
Fishery Sciences

Other UW Personnel
Billy Ernst, Lobo Orensanz, and Sarah Hinckley -
School of Aquatic and Fishery Sciences

Task 11l

NOAA Sponsor
Robert Foy - Alaska Fisheries Science Center, RACE
Division

NOAA Personnel
Mike Ford - Office of Science and Technology

Non-UW/Non-NOAA Personnel

Carolina Parada - Independent Contractor

NOAA Goals
Healthy Oceans
Climate Adaptation and Mitigation

Description

Blue king crab (BKC, Paralithodes platypus) stocks
in the eastern Bering Sea (EBS) have historically
supported important commercial fisheries that
benefit local coastal communities in Alaska. The
two crab stocks managed within the federal Fishery
Management Plan (FMP) for the Bering Sea and
Aleutian Islands (BSAI), king and Tanner crabs, are
located around the Pribilof Islands and St. Matthew
Island. While the St. Matthew Island BKC stock

has increased in abundance in recent years after
collapsing in the 1990s, the Pribilof Islands stock
has remained depressed, with mature male biomass
declining from 30,000 metric tons in the late 1970s
to a low of 412 metric tons in 2011 (Chilton et al.,
2011). Although the mechanisms of the collapse are
not known, substantial measures implemented to
reduce the impacts of fisheries have not resulted in
the rebounding of the stock. As such, it is imperative

that other factors, such as the role of environmental
variability on the distribution, abundance, and
interaction of this stock with the St. Matthew BKC
stock, be assessed before considerable restrictions are
placed on coastal communities.

Stock structure of BKCs in the EBS is largely
unknown. Population trends are very different
between the Pribilof Islands region and the St.
Matthew region. There are no apparent barriers to
adult dispersal between the regions, yet they are
infrequently taken in National Marine Fisheries
Service (NMES) trawl surveys between those
islands, suggesting limited post-settlement dispersal
as adults. General current structure in the EBS
suggests that there may be a possible source-sink
relationship between planktonic larvae released in
the Pribilof Islands region that could settle in the

St. Matthew region, but also potential retention in
the area around the Pribilof Islands (Parada et al.
2010). Survey data revealed that the distribution

of BKC in the EBS averaged over the past decade
stretches from southeast of the Pribilof Islands to
northwest of St. Matthew Island with obvious clusters
of biomass around the islands (Figure 1). Additional
data based on observed bycatch during groundfish
fisheries suggests that the distribution extends even
farther to the southeastern portions of the EBS. The

Transition
poligons

Regular
NMFS5 survey
grid

Large
Poligons 20 x 20 nm

Figure 1. GIS grid used for the simulations
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mechanisms or proportion of interactions that occur
among these regions is unknown and may be driven
by spatially variable environmental conditions such
as currents or bottom temperature. Historically the
EBS had high year-to-year variability in temperature.
Since 2000, it has entered a period of multiyear
variability (2001-2005: warm, 2007-2012: cold).

The EBS is influenced by many factors, such as flow
through the Aleutian passes, variable winds, and

ice. Currents also differ in warm vs. cold years, with
stronger westward flow in cold and weaker westward
flow in warm years (Stabeno et al. 2012).

In this project we are working on an existing larval
drift individual-based model (IBM) to demonstrate
connectivity patterns for blue king crab across the
EBS. The IBM is forced with annually varying ROMS
hydrodynamic model outputs (Shchepetkin and
McWilliams, 2005; Haidvogel et al., 2008) for the
Bering Sea.

Objectives

1. Determine connectivity between larval release and
benthic settlement areas for EBS BKC populations
by adapting a biophysical IBM.

2. Determine the likelihood of exchange via larval
drift among populations of BKC in different
regions of the EBS, from near the Alaska Peninsula,
the Pribilof Islands, and St. Matthew Island.

Accomplishments

We held meetings in July 2013 to define best practices
for generating initial conditions for the BKC IBM,

to review the life history of BKC, and to discuss

the configuration of the biological model and the

::;‘

—
. W

W
Longitude

—
TEW 1 W

parameterization of the IBM. We discussed the
selection of a suite of hydrodynamic model years

to run the simulations. Coordination and logistic
aspects were discussed, such as how to access data
and hydrodynamic model runs. Several telephone
conference meetings were held in 2013 and early 2014
to discuss the status of the model advances.

An extensive and in-depth search of the literature
was conducted to collect antecedents on blue crab
life history to provide the rationales and support

for parameterization of the simulation model. The
search was extended to cover technical reports

and unpublished material archives from Outer
Continental Shelf Environmental Assessment
Program projects. A conceptual life history model for
the BKC IBM was developed (Figure 2).

An additional benefit of the extensive literature
review is the support of two undergraduate thesis
projects supported by an NPRB (North Pacific
Research Board) grant under the “data rescue”
program. These students are helping to re-enter
original data from the 1983-84 Pribilof cruises that
had been lost as electronic files. Among tasks that will
benefit this FATE (Fisheries and the Environment)
program is a GIS (Geographic Information System)
analysis of sediment types that will focus on shell
hash that has been found to be critical for early
benthic juvenile settlement and survival. We
anticipate that this will help define spatial extent

of larval settlement in areas that promote higher
survival around both the Pribilof Islands.

In this project we have been working with an existing
IBM of larval drift that was designed for snow crab
research in the EBS (Parada
etal. 2010, Parada et al.

in revision). That model

was used to demonstrate
connectivity patterns of snow
crab across the EBS. The

IBM was forced by annually
varying ROMS hydrodynamic

a ' model output (Shchepetkin
X < " and McWilliams, 2005;
P e, Haidvogel et al., 2008) for the
Larigtnie = Bering Sea.

Figure 2. Initial conditions for a) reproductive potential for 1999 and b) reproductive potential for

200T1.
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Larval transport and advection, and
temperature effect on growth

habitats for early BKC juveniles,
especially during the settlement

period. Spatial information on

empty gastropod and bivalve
shell presence, and relative
abundance and percentage of
gravel were synthetized based on
Alaska Fisheries Science Center
groundfish survey data, and

________ from Robert McConnaughy’s

eastern Bering Sea (EBS)

growth sediment database (EBSSED).
é !

Data was integrated over time,

and mapped in GIS layers (Fig.
3). This information will be used

during the post-processing of

IBM model output, to refine
our simulated settlement results

Glucothoe
0 EEEs e
20 | Z1-ZIV
! r's :
N e e e e ety ;:i ____________
r:;:::{e Settlement
""""" Cljuvenilestage
Bottom | prihilof St Preferred Habitat (Gravel,
Is. Matthews gastropod and bivalves)
RELEASE SITES SETTLEMENTREGION
Mar Apr May Jun Jul

Figure 3. Conceptual model of blue king crab life history (vertical movement, growth, and

mortality).

We have finished adapting the snow crab IBM for
BKC, including life history characteristics and a

new IBM code. The BKC IBM will be run for each

of the chosen hydrodynamic model years, between
March and late fall. Spatial conditions of larval release
(initial conditions [ICs]) have been explored based
on BKC mature female distribution, which allowed
us to generate spatially explicit reproductive potential
indices. Our work on ICs is completed. ICs were
estimated for the entire available time series (1978-
2012), but with emphasis on key years (1999 and
2001) and expressed as female reproductive output by
factoring in several components. A spatially explicit
approach used the standard NMFS annual survey
grid (20 x 20 nmi quadrats) as a template, with special
considerations for the “corner stations” around St.
Matthew and the Pribilof Islands (finer grid of 10 x

10 nmi). We consider the following factors affecting
female reproductive output over time and space:

a) female abundance; b) mean carapace width; c)
size-at-maturity; and d) fecundity-at-size. Results
shown in Figure 1 for years 1999 and 2001 indicate
that reproductive output is restricted to a handful of
stations surrounding St. Matthew and the Pribilof
Islands.

Gravel and shell hash are considered important refuge

Sep to include juvenile habitat
preferendum (HP).

The EBS spatial discretization

is in progress, which will use IC
and HP information to spatially discretize the EBS
into strata for larval release areas and settlement
areas, similar to what was done for snow crab, but
modified for blue king crab. Blue king crab larvae will
be released in March and April around the Pribilof
Islands, St. Matthew Island, and in other locations
where blue king crab have been observed.

The milestones associated to the design of the
conceptual IBM for BKC, derivation of parameters,
establishment of initial conditions, conversion of
the snow crab IBM to BKC, and the tests of model
algorithms are completed.

A significant amount of progress has been made
during this reporting period. The initial conditions
defining the spatial distribution of larvae to be
“released” by the model were used to generate
spatially explicit reproductive potential indices for

a representative cold (1999) and warm (2001) year
(Figure 2). The following factors affecting female
reproductive output over time and space were
considered: a) female abundance (N); b) mean
carapace width; c) size-at-maturity; and d) fecundity-
at-size. The IBM model simulates four groups (zoea
I, zoea II-1V, glucothoe, Juvenile C1) and considers
vertical movement, growth, and mortality (Figure 3).
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Figure 4. Integrated distribution of larvae released using initial
conditions for 1999 (left) and 2001 (right) with larvae released in
March, April and May that year using the high resolution model.

To assess the effects of ROMS model resolution, two
scenarios were considered: high resolution (1999 and
2001) and low resolution (1999). In both scenarios
larvae were released in March, April, and May based
on initial conditions (Figures 4 and 5).

The high resolution model showed a high level of
recirculation around the Pribilof Islands, St. Matthew
Island, and Nunivak Island producing a high level of
larval retention (Figure 4). In the lower resolution
model there is increased connectivity between the

Figure 6. Substrate type in the Pribilof Islands being digitized from a 1983/84 study on blue king

crab distribution and habitat use.
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Figure 5. Integrated distribution of larvae released using initial
conditions for 1999 with larvae released in March, April and May
that year using the low resolution model.

Pribilof Islands and St. Matthew Island especially

in April 1999. The model differences are potentially
related to the way the tidal signals are considered. The
low resolution model filters the tide signal.

The output of the ROMS-IBM were compared to
existing data on habitat substrate type to identify
“successful” settlement areas for blue king crab. An
initial review revealed that the habitat data available
was too coarse to make viable predictions about
settlement success. A concurrent project funded

by the North Pacific Research
Board was in the process of
“rescuing” blue king crab habitat
data from 1983-1984 at a more
refined scale, identifying sand,
gravel, cobble, rock, and shell
hash substrates around the
Pribilof Islands. Those data are
currently being geo-referenced
so that they may be overlaid
with the ROMS-IBM output
data. To assess successful
settlement, we will presume
that larvae settling on sand do
not survive, and that those that
settle on a mix of gravel-cobble-
shell hash comprise the highest
percentage of annual survivors.
Given limited distribution

of such materials around the
Pribilof Islands (Figure 6),
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patterns of larvae at settlement derived from the
models can serve to estimate relative occurrence on
good or bad substrates.

Project presentations to date include the initial results
of the ROMS-IBM at the Interagency Crab Meeting
held in Kodiak, Alaska in December 2014. Initial
larval settlement maps and habitat overlays were
presented.

The co-PIs continue to meet on a monthly basis with
project completion expected by the end of the next
reporting period.

Delays

The initial milestones associated with performing
runs of the IBM were delayed as the hydrodynamic
model run necessary to run the IBM was only
received in March 2014. In this reporting period, the
decision to include newly available habitat data has
delayed the completion of the settlement analysis.
Those data are currently available, and the final
analysis is being completed. Presentations are being
planned for the September Crab Plan Team (North
Pacific Fisheries Management Council) and the
winter 2015 national FATE meeting.
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REFINEMENT OF J-SCOPE FORECAST SYSTEM FOR
THE CALIFORNIA CURRENT INTEGRATED ECOYSTEM

ASSESSMENT

Pl
Nicholas Bond - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel

Albert Hermann, Tam Nguyen, and Samantha
Siedlecki - Joint Institute for the Study of the
Atmosphere and Ocean

Jan Newton — Applied Physics Laboratory

Task Il

NOAA Sponsor
Michael Ford, NOAA Fisheries and the Environment

Other NOAA Personnel

Isaac Kaplan, Phillip Levin, William Peterson, and
Greg Williams — Northwest Fisheries Science Center

NOAA Goals

Resilient Coastal Communities and Economies

Description

JISAO’s Seasonal Coastal Ocean Prediction
Experiment (J-SCOPE) represents a collaborative
project involving scientists at JISAO and NOAA’s
Northwest Fisheries Science Center (NWFESC).
Quantitative forecasts have begun to be produced of
physical, chemical, and biological (through lower-
trophic levels) ocean properties on time horizons
of ~9 months. These forecasts are tailored towards
NOAA and other operational stakeholders. They
are based on numerical ocean model simulations
using a high-resolution (grid spacing ~1.5 km)
version of the Regional Ocean Modeling System
(ROMS), with a module that predicts the nutrient,
plankton, and oxygen distributions. The initial and
boundary conditions for the ROMS simulations are
being provided by a global coupled atmosphere-
ocean model, the Coupled Forecast System (CFS)
that is currently being run operationally by NOAA,
the National Centers for Environmental Prediction
(NCEP) and the Climate Prediction Center (CPC) for

seasonal weather prediction. The focus is on specific
properties crucial to the ecosystem, including coastal
upwelling, currents and trajectories of water parcels,
mixed layer depths, oxygen concentrations, pH, and
plankton community types.

Objectives

The marine ecosystem of the Pacific Northwest Coast
is subject to large variations in physical and chemical
conditions. Managers and coastal communities

are very interested in forecasts of these properties,
which appear to be feasible using existing resources
and tools. The present project represents a first step
towards achieving these predictions on an operational
basis.

Accomplishments

1. A series of J-SCOPE forecasts were made in
2014 and early 2015 with the model system. A
major upgrade involves carrying out a small
ensemble of model runs with small differences in
initial conditions. These ensembles allow better
quantification of the uncertainties in forecast
properties.

2. The CFS global climate model has undergone
additional scrutiny with respect to regional air-sea
interactions. This analysis has revealed that the
CFS model has a systematic cold bias in surface
air temperatures during winter, apparently due
to improper account of the terrain of the Pacific
Northwest. A method for correcting this bias is
under development.

3. Collaborations with the Pacific Marine
Environmental Laboratory (PMEL) and NWFSC
resulted in products of forecasted pH and sardine
habitat. Observations were compared to the model,
and metrics of predictability have been established.
A journal article is currently in revision.

4. The model output is hosted on the Northwest
Association of Networked Ocean Observing
Systems (NANOOS) website.
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5. Seminar and conference presentations featuring
results from this project were made by JISAO
scientists Nicholas Bond, Al Hermann, and
Samantha Siedlecki.

6. Support for future efforts will be forthcoming from
the NOAA Ocean Acidification Program. This
funding will be used to continue the forecasts, and
to improve the model to better represent chemical
processes related to the carbon cycle.
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ALASKA FISHERIES SCIENCE CENTER INTERNSHIP
OPPORTUNITIES

Pl
Nicholas Bond - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel

Jed Thompson and Mary Smith - Joint Institute for
the Study of the Atmosphere and Ocean

Task Il

NOAA Sponsor
Douglas DeMaster — National Marine Fisheries
Service

Other NOAA Personnel

Jennifer Ferdinand, Amber Himes, Susan
McDermott, and Theresa Smith — Alaska Fisheries
Science Center

NOAA Goals
Healthy Oceans
Resilient Coastal Communities and Economies

Objectives

Through this project, three new internship positions
have been created in the UW Joint Institute for the
Study of the Atmosphere and Ocean’s (JISAO’s)
successful internship program. These positions
span a range of multi-disciplinary opportunities
involving ongoing research programs at NOAA
and the Alaska Fisheries Science Center (AFSC).
This project addresses the need for a public which
is environmentally literate, and will help promote
greater diversity in the ocean science workforce.

Accomplishments

The 2015 interns for this project have been selected
and matched with the NOAA/AFSC scientists

who will serve as their primary mentors. The final
arrangements for the interns’ stay in Seattle from June
to August 2015 are being completed.
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MARINE PREDATOR MOVEMENT DRIVERS IN THE
NORTH PACIFIC OCEAN: INFLUENCE OF OCEANIC
CIRCULATION AND BOUNDARY-LAYER PROCESSES ON
TRANSIT AND FORAGING OF THE NORTHERN FUR SEAL

PI

Nicholas Bond - UW Joint Institute for the Study of interannual variability among and between age classes

the Atmosphere and Ocean and sexes with respect to environmental data.

Other UW Personnel Accomplishments

Noel Pelland - School of Oceanography The bulk of the work thus far has been to standardize
data collected between 1992 and 1999. Much of

Task Il these data have not been modeled or linked to
environmental data. To date, the telemetry and dive

NOAAS ponsor data of 140 seals has been run through two different

movement models (see Jonsen et al. 2013, and Kuhn
et al. 2009) and spatial and temporal linkages to
environmental data has begun. It is expected the
movement modeling and linkages to environmental
data for all animals will be completed in early
summer 2015. This will then allow us to focus on the
main goals of this project.

John Bengtson — National Marine Mammal
Laboratory

Other NOAA Personnel

Jeremy Sterling — Alaska Fisheries Science Center

NOAA Goals
Healthy Oceans

Objectives

The main goal of this project is to build on the
results learned from the TEMPEST project, and
further explore relationships between oceanographic
parameters and behavioral responses of northern fur
seals in the North Pacific Ocean. More specifically,
this study will link seal movement to ocean currents
and atmospheric winds, and find differences or
similarities in these responses by sex and age class. It
will also extend prior work classifying environmental
drivers of migratory behavior to the summer season,
and explore the linkages to surface fronts and eddy
edges. To do this requires standardizing northern
fur seal movement and diving data across 20 years
of data collection. This process largely involves
applying movement models to 747 telemetered

seals, estimating dive locations and summarizing
dive behavior at hourly intervals for those seals with
dive data. With the modeled location and dive data,
links to environmental data can be done for each
individual before looking at daily, seasonal, and
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ECOSYSTEMS AND FISHERIES-OCEANOGRAPHY
COORDINATED INVESTIGATIONS (ECOFOCI)

Pls
Nicholas Bond and Calvin Mordy - UW Joint
Institute for the Study of the Atmosphere and Ocean

Other UW Personnel

Shaun Bell, Wei Cheng, Miriam Doyle, Lisa Sheffield
Guy, Albert Hermann, Nancy Kachel, Geoftrey
Lebon, Kim Martini, Scott McKeever, Calvin Mordy,
Peter Proctor, David Strausz, Margaret Sullivan,
Heather Tabisola, Muyin Wang, and Kevin Wood -
Joint Institute for the Study of the Atmosphere and
Ocean

Task Il

NOAA Sponsor
Phyllis Stabeno - Pacific Marine Environmental
Laboratory

Other NOAA Personnel

Janet Dufty-Anderson and Jeff Napp - Alaska
Fisheries Science Center

Carol Ladd and James Overland - Pacific Marine
Environmental Laboratory

NOAA Goals
Healthy Oceans
Climate Adaptation and Mitigation

Description

The dynamic relationships of marine ecosystems

and the impact those changes have in important
economic and cultural regions are being studied

by the Ecosystems and Fisheries-Oceanography
Coordinated Investigations (EcoFOCI) team.
EcoFOCI is a collaborative research effort by both
JISAO and NOAA scientists at the Pacific Marine
Environmental Lab (PMEL) and the Alaska Fisheries
Science Center (AFSC) who focus on the unique and
economically important high-latitude ecosystems of
Alaska. The mission of the EcoFOCI Program is to
understand the dynamic relationships among climate,
fisheries, and the marine environment to ensure
sustainability of Alaskan living marine resources and
healthy ecosystems.

Investigations into the ecosystem impacts of
fluctuations in temperature and salinity, sea-ice
extent, atmospheric forcing, tides, freshwater influx,
productivity, and mixed-layer depth are on-going
in the Gulf of Alaska, the Aleutian Islands, and the
Bering and Chukchi seas. The timescales of interest
range from short-term episodic and seasonal events
to long-term annual and decadal trends. EcoFOCI
incorporates field, laboratory, and modeling
approaches to determine how varying physical

and biological factors influence these large marine
ecosystems.

Objectives

1. Monitoring of the oceanographic ecosystem
through analysis and processing of data from
mooring arrays, satellite tracked drifters, and
shipboard measurements — biophysical moorings
are maintained in the Gulf of Alaska, Bering and
Chukchi seas, providing critical information on
the response of the environment to changes in
climate. JISAO scientists contribute to maintaining
these moorings, expanding the instruments on
moorings to measure ice keel depth, zooplankton
abundance, nitrate, and oxygen - and introducing
new technology to enable these moorings to report
in real time.

2. Disseminating data through websites,
presentations, publications and workshops -
JISAO scientists contribute to the maintenance
of web pages, author and co-author numerous
publications each year, and present their findings
at a variety of regional, national, and international
meetings.

3. Participating in cruises to examine the variability
in physical and chemical oceanic processes
that impact the North Pacific, Bering Sea, and
U.S. Arctic ecosystems — JISAO scientists take
a leading role in these studies. They participate
on cruises as chief scientists and are leaders in
the measurements of nutrients, chlorophyll, and
oxygen.

4. Projecting impacts of climate change - JISAO
scientists are involved in an effort to apply
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simulations of future climate (IPCC AR4 models) using an extensive suite of oceanographic (i.e.,

to issues related to marine ecosystems. The output moorings, drifters, cruises) and atmospheric

from these models is being used to force local measurements; 2) how these physical mechanisms
dynamical models of the North Pacific Ocean influence the distribution, timing, and magnitude
and Bering Sea, and to make projections based on of phytoplankton productivity; and 3) how both
empirical methods. transport and primary productivity control

the distribution, productivity, and fate of
both zooplankton and ichthyoplankton. New
observations are supported by retrospective studies

5. Making data and analysis results available to
Fishery Management Councils and other resource

anagers. using previously collected data, as far back as 30
. years, from the focus regions. The field years for
Accomplishments this project were 2011 and 2013,
1. EcoFOCI continues to maintain a biophysical
mooring array on the eastern Bering Sea shelf 4. Participating EcoFOCI PIs attended the final
(moorings M2, M4, M5, and M8), conduct annual Gulf of Alaska Integrated Ecosystem
hydrographic surveys, and deploy satellite- Research Program (GOAIERP) PI meeting held in
tracked drifters. This summer will mark the 21st Fairbanks, Alaska April 6-10, 2015. The meeting
consecutive year of observations at the mooring examined new knowledge of the GOA ecosystem
M2. gained during the five-year project. A first special

issue of manuscripts from the project is underway

2. EcoFOCI continues to work with the main authors with further issues planned.

of the Ecosystem Considerations Chapter of the

Stock Assessment and Fishery Evaluation reports 5. The Bering Ecosystem Study (BEST) and Bering
to provide ecosystem indicators for the Bering Sea Integrated Ecosystem Research Program
Sea. The Ecosystem Considerations Report is (BSIERP) 2007-2012 was a multi-institution
produced annually to compile and summarize collaborative project funded by the National
information about the Alaska Marine Ecosystem Science Foundation (NSF) and the North

for the North Pacific Fisheries Management Pacific Research Board (NPRB), respectively, to
Council, the scientific community, and the public. understand the impacts of climate change and
The report includes ecosystem report cards, dynamic sea ice cover on the eastern Bering Sea
ecosystem assessments, contributions with updated ecosystem. Results have been presented through
status and trend indicators, and ecosystem-based ~35 journal articles, with additional manuscripts
management indicators and information for the in preparation, and from ~50 presentations
Bering Sea, Aleutian Islands, the Gulf of Alaska, at numerous conferences and science/agency
and Arctic ecosystems. advisory meetings, including the Alaska Marine

Science Symposium (2014) and AGU/ASLO Ocean
3. 2014 concluded the Gulf of Alaska Project. The Sciences Meetings (2014). A list of presentations
five-year, multi-institution collaborative project, and publications can be viewed on the BEST}
funded by the North Pacific Research Board BSIERP Bering Sea Synthesis Project via the JISAO
(NPRB), examined the physical and biological website. There have been three Bering Sea Project
mechanisms that determine the survival of Special Issues published to date, the most recent in

juvenile groundfishes in the Gulf of Alaska. November 2014. The fourth and final special issue
EcoFOCI scientists played a major role in this is in progress.

effort to determine how physical transport

mechanisms influence lower trophic levels, 6. The Synthesis of Arctic Research (SOAR) is a

and subsequently the survival and recruitment five-year BOEM-supported effort, concluding in

of five species of groundfish (walleye pollock, 2015, to bring together a multidisciplinary group
Pacific cod, arrowtooth flounder, sablefish, and of Arctic scientists and residents to explore and
Pacific ocean perch). The specific objectives are integrate information from completed and ongoing
to determine: 1) the timing and magnitude of marine research in the Pacific Arctic. A special

the different cross-shelf exchange mechanisms issue in Progress in Oceanography was published


http://access.afsc.noaa.gov/reem/ecoweb/index.php
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http://www.nprb.org/bering-sea-project/about-the-project/
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http://jisao.washington.edu/data-BEST-BSIERP/presentations
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with 14 synthesis articles. A second special issue is
in progress.

. The Arctic Whale Ecology Study (ARCWEST) is
in its final funding year. This program continues
much of the work of the CHAOZ (Chukchi
Acoustics, Oceanography, and Zooplankton)
project. EcoFOCI conducts physical and biological
oceanographic sampling to support the project’s
objective to further understand the transport and
advection of krill and nutrients from the northern
Bering Sea through the Bering Strait and to the
Barrow Arch area. Mooring sites from the CHAOZ
program are also used for ARCWEST. EcoFOCI
maintains three near shore biophysical moorings as
part of this project (C1, C4, and C5) and performs
hydrographic sampling. Twelve satellite-tracked
drifters were deployed in 2013, and several are still
transmitting locations.

. CHAOZ-X, a BOEM-supported program, is an
extension of the CHAOZ program focusing on the
Hanna Shoal area of the northeast Chukchi Sea.
The CHAOZ analysis and writing phase concluded
in 2014. The first field year for CHAOZ-X was

in 2013. The focus of this study is to determine
the circulation of water around the Hanna Shoal
area, the source of this water (Chukchi Shelf or
Arctic Basin) and its eventual destination, and the
abundance of large planktonic prey at the shoal.
EcoFOCI maintains five biophysical moorings as
part of this project (C2, C6, C7, C8, and C9) and
performs hydrographic sampling.

9. The Arctic climate change program has existed

within the EcoFOCI group for the past decade,
and will continue to maintain close ties with the
EcoFOCI program. The main focus of research
activities is in the Arctic region, including sub-
Arctic seas such as the Chukchi Sea, the Beaufort
Sea, and the Bering Sea. The research includes

an important Arctic climate component, as well

as the ocean monitoring component mentioned
above. JISAO scientist Muyin Wang is responsible
for updating the Bering climate website, which is
a collection of physical and biological variables for
the Bering Sea. This website has been a popular
source for ecosystem study communities. Wang,
in collaboration with Jim Overland of PMEL

and others, has led ongoing research on the past,
present, and future climate of the Arctic. This work
represents an important foundation for the Arctic

Report Card.
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EVALUATION OF GROUNDFISH ECOLOGICAL RESPONSE
TO CURRENT FISHERIES MANAGEMENT SYSTEMS

Pl
Trevor A. Branch - UW School of Aquatic and
Fishery Sciences

Other UW Personnel

Lewis Barnett — School of Aquatic and Fishery
Sciences

Task 11l

NOAA Sponsor
Michelle McClure — Northwest Fisheries Science
Center

NOAA Goal
Healthy Oceans

Description

The West Coast groundfish fishery has undergone
substantial changes over the last 20 years, driven by
the low productivity of many of the target species
(long-lived rockfish) and the overfished designation
of several stocks. Rebuilding plans have required
steep reductions in exploitation rates to around 1%
per year, the closure of much of the productive fishing
areas, and most recently a switch to managing the
fishery to an Individual Transferable Quota (ITQ)
system. ITQs involve allocating individual quota

of both target and restricted species, and requiring
fishermen to keep a positive balance of both types of
species in their accounts before fishing is initiated.
To date, we have seen a dramatic decline in discard,
and changes in the timing of the fishery. There is

an urgent need to analyze the resulting biological
data (catches, discards, spatial fishing patterns)

to explore the consequences of these changes for
fisheries management. The postdoctoral scholar will
have access to fishery, observer, and survey data to
compare and contrast characteristics of Pacific Coast
groundfish species and communities before and after
the implementation of the ITQ program.

Objectives

Analyze the available biological data (catches,
discards, and spatial fishing patterns) to explore the
consequences of changes in these data on fisheries
management on the U.S. West Coast.

Accomplishments

An international search was conducted yielding more
than 20 candidates. Lewis Barnett was identified as
the leading candidate, and chosen as the postdoctoral
associate. He will arrive in June 2015, when this
project will commence.

Reasons Objectives Were Not Met

The objectives have not been met because of the
late date in obtaining final approval of funds,
combined with a late start date of the identified best
postdoctoral candidate.
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DEFINING ECO-REGIONS AND APPLYING SPATIAL
ANALYSES OF SPECIES ABUNDANCE, COMMUNITY
DYNAMICS AND STOCK SUBSTRUCTURE TO
INCORPORATE HABITAT IN SSMS AND MSMS

Pl
Trevor A. Branch - UW School of Aquatic and
Fishery Sciences

Other UW Personnel
Matt Baker and Kirstin Holsman - School of Aquatic
and Fishery Sciences

Task Il 2.

NOAA Sponsor

Anne Hollowed - Alaska Fisheries Science Center
NOAA Goals

Healthy Oceans

Description

This research will provide an analytical method to
define boundaries of fish habitats in space and time,

and integrate knowledge of habitat associations as 3

a means to measure multispecies interactions in
multispecies stock assessment modeling (MSM)

of Gulf of Alaska (GOA) and Bering Sea stocks.

This research integrates habitat considerations into
existing MSM and single species models (SSM) to
improve estimation of fishing mortality targets, given
multispecies interactions and stock substructure.
Habitat is a continuum defined by multiple variables
and defining discrete habitat types is a challenge.
Understanding how habitat volume influences species
interactions is critical to simulate effects of fishing
and climate on species abundance and ecosystem
structure, and to better evaluate species and system
resilience to exploitation.

Objectives
1. Develop a protocol to incorporate habitat-specific
data into stock assessments.

a. Apply random forest methods to determine
threshold responses and assess the importance
of physical variables on species distributions.

b. Quantify multi-species turnover along
environmental gradients and partition systems
into coherent spatial units as per biological
community response to physical habitat.

c. Evaluate dynamic physical forcing on the
stability of eco-region boundaries.

Enhance MSMs for the Bering Sea by
distinguishing predation dynamics in distinct
habitats.

a. Incorporate temporal trends in habitat volume
into MSMs to evaluate influence on predator-
prey interactions. Specifically, MSM predation
mortality is a function of temperature, predator
biomass, and vulnerable prey biomass (V);
analyze weight V as a function of changes
in habitat to evaluate effects on predation
dynamics.

. Delineate stock sub-structure via spatial

autocorrelation in abundance.

a. Apply cluster analyses to times series of annual
abundance to define spatially explicit sub-stocks
and determine how stock substructure alters
stock-recruitment models.

b. Add an index of positive recruitment (biomass-
weighted error) based on spatial stock structure
to account for distinct temperature regimes for
distinct sub-stocks.

. MARSS models (mulitvariate autoregressive state-

space) to distinguish density dependence and
inter-species compensation.

a. Apply MARSS models to analyze population
dynamics as an integrated response to
multiple concurrent drivers and feedbacks and
partition the effects of density dependence,
compensatory, and environmental mechanisms.
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Accomplishments

This project is winding down, with a one-year no-cost
extension approved. The postdoctoral scholar is now
the Science Director at the North Pacific Research
Board.

1. Matt Baker: PICES talk, October 2014.

2. Continued collaboration between Matt Baker,
Kirstin Holsman, and Anne Hollowed to use
ecoregions to inform multispecies models.

3. Publication of another manuscript expected late
2015.
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NOAA SUPPORT FOR DO-IT SCHOLARS PROGRAM 2014

Pl
Sheryl Burgstahler — Accessible Technology
Services/UW Information Technology

Other UW Personnel
Tami Tidwell and Doug Hayman - Technology
Services

Task Il

NOAA Sponsor

Alicia Matter — Northwest Fisheries Science Center

Other NOAA Personnel

Kathleen Jewett — Northwest Fisheries Science Center

NOAA Goals
Healthy Oceans

Description

DO-IT (Disabilities, Opportunities, Internetworking,
and Technology) serves to increase the participation
of individuals with disabilities in challenging
academic programs and careers, particularly those

in science, technology, engineering and mathematics
(STEM). The DO-IT Scholars Program works with
high school students with disabilities who have

the potential to pursue college studies and careers
and develop leadership skills, yet face significant

challenges because of their disabilities. During a
10-day, live-in summer program at the University of
Washington in Seattle, DO-IT Scholars participate in
academic lectures and STEM labs, live in residence
halls, and practice skills that will help them become
successful in college and careers. During the year that
follows, each Scholar completes a project, engages
with staff in a presentation or meeting at his/her
school, and participates in online and/or on-site
activities.

Specific activities for June 1, 2014 — May 31, 2015
include:

June 2014

DO-IT Advisory Board selected one additional
DO-IT Scholar to be supported with NOAA funds.
Scholar was notified and details for involvement
shared. Scholars received program DVDs and
materials.

Computer was set up in Scholar’s home. Scholar
was “introduced” to mentors, peers, and near-peers
online.

July 2014

Scholar engaged in 10-day residential Phase I
Summer Study at the University of Washington,
gained Internet skills, college preparation, career
planning, self-determination,
and leadership knowledge and
skills. Scholar chose year-long
projects.

August 2014- May 2015
Scholar participated in
DO-IT’s online e-mentoring
community, received
mentoring, near-peer,

and peer support, weekly
electronic lessons; and

access to useful college
preparation, academic, and
career information online.
Scholar participated in DO-IT
conferences and other online
and on-site activities and
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completed year-long projects. Scholar helped DO-IT
recruit DO-IT Pals and Scholars from their schools.
DO-IT staft members participated with Scholars in
presentations and meetings at their schools.

Note that after this time period, the Scholar
supported through this funding will continue to
engage in DO-IT. He will attend a one-week Summer
Study Phase 2 session on the UW campus, during
which he will present his year-long project. The
following year he will engage in the e-mentoring
community, and learn about on-site activities and
events in which he can participate. The third summer
he will work as an intern in the Summer Study. After
that, he can continue engaging as an Ambassador in
the e-mentoring community, gaining and offering
resources and support.

Objectives

1. The ultimate goal of the DO-IT Scholars Program
is to increase the success of students with
disabilities in challenging postsecondary academic
programs and careers.

2. The objective of the funded project is to support
one student with a disability interested in pursuing
postsecondary education and a career in one of the
areas of focus of NOAA through the first year of
the DO-IT Scholars Program.

Accomplishments

1. Scholar identified, computer delivered, and training
completed. Funded Scholar is a junior in high school
and a member of the National Honor Society.

2. Online and on-site interaction with peers, near-
peers, mentors and staff.

3. Participation in 10-day Phase I Summer Study.

4. Evidence of Impact of DO-IT Scholars Participation
— Pre/post surveys of DO-IT Scholar participants,
participant evaluations of Summer Study activities
and internships, progress of participants in
longitudinal transition study, and other evaluation
data suggest positive impact with respect to
preparing participants for college and career success.
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USING ACOUSTICS TO IMPROVE SPECIES
IDENTIFICATION OF MARINE ORGANISMS IN THE

NORTH PACIFIC

Pl
Peter Dahl - UW Applied Physics Laboratory

Task I

NOAA Sponsor

Chris Wilson - Alaska Fisheries Science Center

NOAA Goal
Healthy Oceans

Description

Acoustic methods are widely used for remote sensing
of marine zooplankton and fishes. Large-scale
acoustic-trawl (AT) surveys have been conducted
annually for over three decades in the North Pacific
by NOAA researchers as part of the stock assessment
process. The frequency response of organisms
measured at multiple narrowband frequencies (18,
38, 70, 120, 200 kHz) has been used to improve
interpretation of backscatter during these AT
surveys. However, this approach currently does not
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Figure 1. Measured 2-way beam patterns for the CBW transducer.
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reliably distinguish different species of fishes with
swimbladders. Additional information derived from
newly developed broadband acoustic instruments
(see Accomplishments Section) may aid in the size
and species classification of backscatter when the
multi-frequency approach fails. Thus, the broadband
approach enables frequency-dependent quantification
of the backscatter over a wider uninterrupted
frequency range, resonance classification (i.e. sizing
of swim bladders), and high spatial resolution via
pulse compression to provide more information for
classification of acoustic targets.

Objectives

A field study evaluating the utility of broadband
(10-100 kHz) acoustic measurements for species
identification is planned during the summer 2015
Alaska Fisheries Science Center (AFSC) biennial Gulf
of Alaska (GOA) AT survey. The broadband field
work will target backscatter that is difficult to classify
using traditional multi-frequency techniques. Thus,
efforts will focus on characterizing the broadband
signature from aggregations of
important forage fishes (juvenile
walleye pollock, eulachon,
capelin, sand lance), which
occur throughout the GOA, as

55.0 kHz

-0 200 0 20 40
az. ang. (deg) well as those of co-occurring
9.9 iy aggregations of adult walleye

pollock and rockfish species
that commonly occur along
the GOA shelf-break. A trawl-
camera system will provide
relatively fine-scale resolution
of species and size composition
at scales smaller than those
available using the traditional
trawl approach. Inclusion of
broadband technology in the
traditional AT survey approach
may lead to improved target
classification, as well as an
indication of fish size, which
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means that fewer species verification trawl and optical
samples may be needed, resulting in greater survey
efficiency.

Accomplishments

The project fieldwork will commence in early June
aboard the NOAA ship Oscar Dyson, which will be
used to conduct the AFSC biennial Gulf of Alaska
acoustic-trawl survey. A post-doctoral researcher has
been identified for the project, and is expected to start
in late May.

Proposed activities for May include a review of
the scientific literature to obtain species-specific
backscattering parameter values for GOA species
of interest, which will be used to identify the most
promising analytical approaches to pursue.

To make broadband measurements on the NOAA
ship Oscar Dyson, a prototype constant beamwidth
(CBW) transducer built for the University of

New Hampshire (UNH) will be installed on the
centerboard looking downward (similar to the
existing Simrad transducers) in April 2015 when

the vessel is in port in Kodiak, Alaska. The CBW

has a nominally constant (within a few degrees)
beamwidth of 12 degrees at frequencies greater

than 30 kHz. The two-way beam patterns measured
in the UNH acoustic tank are shown in Figure

1. These measurements were collected using the
CBW transducer and a recently developed Simrad
wideband sonar transceiver (WBT) by recording
echoes from a tungsten carbide 38.1 mm sphere at
different azimuthal and elevation angles. Due to the
size of the tank, the calibration data were collected
in three steps: 10-30 kHz, 20-60 kHz, and 50-100
kHz, each using 2 millisecond linear-frequency-
modulated pulses. An identical setup will be used for
the summer 2015 GOA field trials, but with a longer
(e.g., 8 ms) pulse over a wider bandwidth. This system
(both the CBW transducer and the Simrad WBT) are
still under development, and the GOA AT survey field
trials represent an opportunity to both explore the
capabilities of the system, and to collect broadband
backscatter from different assemblages of fishes.
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NORTHWEST FISHERIES SCIENCE CENTER AND
UNIVERSITY OF WASHINGTON UNDERGRADUATE

INTERN PROGRAM
P

Janice DeCosmo — UW Undergraduate Academic
Affairs/Undergraduate Research Program

Other UW Personnel

Tracy Ann Nyerges — Center for Experiential
Learning and Diversity

Jessica Blanchette, Andrea Wong, Nirupam Nigam,
and Susie Dobkins - School of Aquatic and Fishery
Sciences

Jeffrey Pham, Department of Microbiology

Task Il

NOAA Sponsor

Kathleen Jewett — Northwest Fisheries Science Center

Other NOAA Personnel

Beth Sanderson, Jameal Samhouri, Nick Tolimieri,
Linda Rhodes, and Rohinee Paranjpye — Northwest
Fisheries Science Center

NOAA Goals

Resilient Coastal Communities and Economies

Description

This project is an educational collaboration between
Undergraduate Academic Affairs at the University
of Washington and the Northwest Fisheries Science
Center (NWESC) to provide education and training
to undergraduates interested in fisheries research.
This project is designed to engage undergraduates
from a range of scientific and other relevant
disciplines in internships with scientists and leaders
at NWESC to develop their research interests and
skills. These research experiences extend and enhance
students’ classroom learning at the UW. At the same
time, it provides scientists at NWFSC opportunities
to prepare promising students for careers in fisheries
science research.

Objectives
Up to five internship positions are anticipated

annually under this project for UW students to gain
research experience with NWESC’s several research
divisions. These academic year internships will also
offer a summer quarter option, with varying numbers
of hours. One of the internships will also include
fieldwork and travel during the summer. Selected
interns will commit between 10 and 19.5 hours per
week during the academic year, and up to 40 hours
per week during summer and interim periods to their
research projects. The number of interns engaged in
the program will depend upon the time commitment
each intern is able to make to the experience. The
type of research in the host lab - for instance, some
research requires longer blocks of time and occasional
field work - determines the total number of

students involved each year. In addition to providing
internships that give undergraduates experience in
fisheries science research, the program also aims

to provide other professional development for
interns, such as learning how to network with other
scientists, and how to present their projects in poster
format at NWFSC and/or at the UW undergraduate
research symposium. Anticipated outcomes include
undergraduate interns moving on to graduate study
in biological, marine, fisheries, or related science
fields and/or developing career aspirations related

to the learning and skills acquired during their
internship experiences.

Accomplishments

This year, five students participated in the internship
program. All of the interns participated in networking
activities and poster sessions at NWFSC; three of
them presented their research results at the UW
Undergraduate Research Symposium. Below is a list
of all five participants and their academic majors.

Jessica Blanchette — Aquatic and Fishery Sciences
Andrea Wong — Aquatic and Fishery Sciences
Nirupam Nigam - Aquatic and Fishery Sciences and
Biology

Susie E. Dobkins — Aquatic and Fishery Sciences
Long Jeftrey Pham — Microbiology
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LINKS BETWEEN THE EARLY LIFE HISTORY DYNAMICS
OF FISH, CLIMATE, AND OCEAN CONDITIONS IN THE
LARGE MARINE ECOSYSTEMS OF ALASKA

Pl
Miriam Doyle - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel
Nicholas Bond and Calvin Mordy - Joint Institute for
the Study of the Atmosphere and Ocean

Task Il

NOAA Sponsor
Janet Dufty-Anderson and Ann Matarese Kiernan -
Alaska Fisheries Science Center

Other NOAA Personnel
Kathryn Mier, Deborah Blood, and Lisa DeForest —
Alaska Fisheries Science Center

NOAA Goals
Healthy Oceans
Climate Adaptation and Mitigation

Description

This research is being carried out in conjunction with
the NOAA Alaska Fisheries Science Center’s (AFSC)
Recruitment Processes and the Ecosystems and
Fisheries-Oceanography Coordinated Investigations
(EcoFOCI) Groups. Early life history aspects of
recruitment processes among Gulf of Alaska (GOA)
fish species are being investigated. Data are from
ongoing collections of ichthyoplankton samples and
associated oceanographic and climate measurements
in this region. Ichthyoplankton surveys that sample
the early ontogeny pelagic phase (eggs/larvae) of fish
integrate information on a diverse range of species
with variable adult habitats and ecologies. Synthesis of
these ichthyoplankton and associated environmental
data are being carried out in order to understand
species pelagic exposure patterns and response
outcome during early ontogeny. The research is
contributing to a mechanistic understanding of
environmental forcing on early life history aspects of
recruitment processes among marine fish species.

Objectives

Project 1. Participation in the North Pacific Research
Board (NPRB) sponsored Gulf of Alaska Integrated
Ecosystem Research Program (GOAIERP) —
Integration phase and planning for Synthesis phase:

As part of the retrospective component of GOAIERP,
submit and revise the manuscript reviewing the early
life history of the GOAIERP focal species; walleye
pollock, Pacific cod, Pacific ocean perch, sablefish,
and arrowtooth flounder (for Deep Sea Research I1
GOAIERP special issue I). Continue collaboration
with other GOAIERP principal investigators in
integrating this early life history synthesis into
different components of the project, including the
upper trophic level, lower trophic level, and modeling
components.

Collaborate with other AFSC Recruitment Processes
(RP) scientists to complete a draft of the manuscript,
“Spring and summer ichthyoplankton assemblages
in the Gulf of Alaska for 2011 and 2013” based on
ichthyoplankton collections in the 2011 and 2013
field seasons for submission to the GOAIERP second
Special Issue of Deep Sea Research II: Topical Studies
in Oceanography.

Collaborate with other AFSC scientists to initiate
and lead the development of an integrated review
paper for arrowtooth flounder early life history in
the GOA, bringing together ichthyoplankton data
and age-0 data from AFSC’s Ecosystem Management
and Assessment program in Juneau, as well as the RP
program in Seattle, and the recent GOAIERP work.

Project 2. As part of the Marine Debris Program
funded project, identify samples for analysis from
historical GOA neuston collections, and facilitate
retrieval and shipping from Polish archives to Joel
Baker’s Lab at UW Tacoma. Subsequent to analysis
and quantification of plastic debris particles, work
with Baker and Julie Masura to synthesize the data
and write a manuscript for publication.

Project 3. As part of the Program for Innovative
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Technology for Arctic Exploration (PITAE),

explore the feasibility of deploying the In Situ
Ichthyoplankton Imaging System (ISIIS; Cowen and
Guigand, 2007) with an Autonomous Underwater
Vehicle (AUV). The ISIIS is a towed plankton
imaging system specialized to move at a rapid speed
(2.5 m/s) and sample large volumes of water (1 cubic
meter in 7 seconds). Plans for Summer 2015 are to
test this system in the Chukchi Sea on the NOAA
R/V Ron Brown.

Accomplishments

1. The early life history review manuscript for the
GOAIERP focal fish species was submitted to
Deep Sea Research II (GOAIERP Special Issue
I), and is accepted for publication (Doyle and
Mier, in press). In addition, the synthesized
ichthyoplankton data included in this manuscript
have been utilized in the modeling component
of the GOAIERP project to set the initial
conditions for each of the focal species Individual
Based Models. The “pelagic exposure profiles”
described in the Doyle and Mier manuscript for
the individual species were also incorporated
into full life history and ecological reviews for
these species presented at the final GOAIERP PI
meeting in Fairbanks, Alaska April 6-10, 2015.
These reviews are being utilized by Fisheries
Assessment scientists and managers in an effort
to integrate hypothesized early life history
response mechanisms and associated ecosystem
indicators into current management protocols.
Co-authorship of a 2014 paper examining
synchronicity in recruitment trends among
commercial fish species with similar life histories
includes early life history synthesis incorporated
into the GOAIERP retrospective component
(Stachura et al., 2014).

A new manuscript has been developed including
data analysis, along with results synthesized

and presented, and a draft is in preparation. An
abstract was submitted and accepted, and a poster
was developed from this work for presentation

at the Alaska Marine Science Symposium in
Anchorage in January 2015. Synthesis of data from
this ichthyoplankton project and manuscript was
incorporated into multiple presentations at the
GOAIERP final PI meeting in April.

An ongoing collaboration with AFSC scientists is
utilizing all sources of GOA arrowtooth flounder
data in the development of an integrated review
paper for arrowtooth flounder early life history.
Ichthyoplankton data, juvenile survey work,

food habits data, Alaska Department of Fish

and Game data, and groundfish survey data are

all incorporated into this new effort. A review
presentation on GOA arrowtooth flounder early
life history was given at the International Flatfish
Symposium in Cle Elum in October 2014. Further,
an overview of the arrowtooth flounder “gauntlet”
process (spawning through settlement and
recruitment) was presented at the April GOAIERP
final PI meeting in Fairbanks. A manuscript
outline has been developed for an integrated
review paper.

2. The marine debris microplastics project is
progressing well, and much of the sample analysis
has been completed. See Annual Report titled
“Quantification of Marine Microplastics in the
Surface Waters of the Gulf of Alaska,” Baker,
Masura, and Doyle.

3. A meeting was organized and hosted at AFSC
in October 2014 to bring together the ISIIS
research and engineering group, Pacific Marine
Environmental Laboratory (PMEL) engineers,
EcoFOCI program managers, and other interested
parties.

With this first meeting, we met the following goals:

1. Established collaborative partnerships among
NOAA (PMEL and AFSC), the universities
(University of Washington/JISAO, Oregon State
University, and University of Miami), and private
sector (BellaMare LLC) scientists and engineers

2. Explored scientific interest and engineering
feasibility for deployment of ISIIS with an AUV.

3. Developed a project plan and road map for
engineering development and funding, and
discussed possibilities for an initial deployment of
ISIIS, in its present form as a towed system, in the
Arctic during the NOAA Research Cruise on the
R/V Ron Brown in August 2015 in the Chukchi
and Beaufort Seas
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An AUV glider is now in development and ISIIS
engineers have prepared a proposal for redesign of
the imaging system for deployment with the glider.
A meeting report was written and distributed to

all interested parties. This included development

of justification for use of this type of technology,
especially in the Arctic, for expanding temporal and
spatial scale of sampling relative to net sampling, and
collecting valuable in situ observations of pelagic
ecosystem structure and function (e.g. planktonic
prey/predator fields for different ontogenetic stages
of fish and other organisms, assessment of gelatinous
organisms, etc.). Discussions were initiated with
AFSC ecosystem modelers regarding possibilities for
developing plankton metrics from ISIIS images as: 1)
Leading indicators of ecosystem conditions useful for
Fisheries assessment scientists and managers; and 2)
metrics that can be incorporated into Fisheries and
Ecosystem models. Possibilities for soliciting future
funding for these efforts are being considered. PITAE
support is continuing for the new autonomous glider
that can be used to host a variety of environmental
sensors. NOAA Fisheries is not contributing

funding at this time for the downsizing of ISIIS for
deployment with an AUV system, so work on this
aspect of the project is suspended for now. Further,
without this initial Fisheries support, the present
ISIIS system will not be deployed on the Chukchi and
Beaufort Sea cruise in the Summer of 2015.
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JISAO R/V CENTENNIAL SHIP TIME WITH NWFSC

Pl
David O. Duggins - Friday Harbor Laboratories

Task 11l

NOAA Sponsor
Kathleen Jewett — National Marine Fisheries Service/
Northwest Fisheries Science Center

Other NOAA Personnel

Brad Hanson — Northwest Fisheries Science Center

Non-UW/Non-NOAA Personnel

Marc Lammers — Oceanwide Science Institute/Hawaii
Institute of Marine Biology

NOAA Goals
Healthy Oceans

Description
This award was used to recover and redeploy passive
acoustic recorder moorings on the Washington Coast

Objective

Our objective was to obtain Southern Resident
Killer Whales (SRKW) acoustic detections to assess
seasonal movements and distribution. Acoustic
recorders provided a unique, long-term dataset that
will be important to inform future consideration of
Critical Habitat designation for this U.S. Endangered
Species Act listed species.

Accomplishments

The recorders were successfully recovered and
redeployed. These efforts will allow us to build a more
robust database needed by managers to consider
designating SRKW Critical Habitat along the West
Coast.
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IMPROVING ECOSYSTEM-BASED STOCK ASSESSMENT
AND FORECASTING BY USING A HIERARCHICAL
APPROACH TO LINK FISH PRODUCTIVITY TO

ENVIRONMENTAL DRIVERS

Pl

Timothy Essington - UW School of Aquatic and
Fishery Sciences

Other UW Personnel

Trevor Branch and Megan Stachura - School of
Aquatic and Fishery Sciences

Christine Stawitz — Quantitative Ecology and
Resource Management

Task Il

NOAA Sponsor
Mike Ford - Office of Science and Technology

Other NOAA Personnel

Anne Hollowed and Paul Spencer — Alaska Fisheries
Science Center

Melissa Haltuch — Northwest Fisheries Science Center
Nathan Mantua - Southwest Fisheries Science Center

NOAA Goal
Healthy Oceans
Climate Adaptation and Mitigation

Description

A central feature of ecosystem-based fishery
management is a broader consideration of
environmental influences on stock productivity
when assessing populations and setting harvest
policies. Insights into environment-stock productivity
relationships may be used in short term, tactical
advice (e.g., annual catch limits) or in medium- to
long-term strategic advice that evaluates the long-
term effectiveness of proposed harvest strategies

in the face of climate change (A'mar et al. 2009).
Thus, improved insight into how environmental
factors affect stock productivity offers the promise
of improved stock assessment and forecasting,
especially when it allows for pre-emptive reductions
in fishing effort on species likely to be worst affected.

The emerging push for including ecosystem-based
considerations in fisheries management decisions
has therefore resulted in increased demands for
information on how ecosystem dynamics affect
fished stocks. This project seeks to conduct a
synthetic analysis of environmental drivers of
fisheries productivity to improve our capability of
incorporating these drivers into stock assessments
and forecasts.

Research regarding the direct inclusion of
environmental information into stock assessments is
still developing (Maunder and Watters 2003; Deriso
et al. 2008; Schirripa 2009). Moreover, information
on environmental links to stock productivity can be
used to guide the specification of assessment models.
For example, understanding environmentally forced
changes in growth over time can be used to specify
periods of good and poor growth in assessments.
Hollowed et al. (2009) and A'mar et al (2009)
demonstrate how long-term climate impacts on fish
and fisheries can be predicted from a mechanistic
understanding of how fish productivity responds to
climate-sensitive environmental variables.

Given the large number of stocks that are presently
managed by North Pacific and Pacific Fisheries
Management Councils, the challenge of identifying
key causative agents underlying production dynamics
for each is daunting. This challenge is made even
more difficult by the notorious problems that arise
when attempting to identify causal relationships from
serially autocorrelated time series data (Walters and
Collie 1988; Myers 1998). Here we hypothesize that
the process of including environmental information
in stock assessments and forecasts can be improved
by identifying groups of stocks that respond to
environmental conditions in the same way. If this
hypothesis is true, then the challenge is greatly
simplified because instead of linking production

to dynamic environmental features for each stock
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individually, one can predict the average response

of groups of stocks that are expected to respond
similarly. Therefore, our proposed work seeks to take
a significant step forward for stock assessment and
forecasting by using advances in numerical statistical
methods that permit the estimation of hierarchical
ensemble models.

There is considerable support for the notion that
groups of stocks may respond to similar sets of
environmental conditions. Previous studies revealed
that patterns of recruitment variability in marine
fishes showed similarities across species (Caddy
and Gulland 1983) and these similarities produced
recognizable patterns in population variability
(Spencer and Collie 1997). In the North Pacific
region, the well-known shift in the Pacific Decadal
Oscillation transformed the ecosystems of Alaska
and northern California Current by enhancing the
productivity of some species and diminishing the
productivity of others (Anderson and Piatt 1999;
Mantua et al. 1997; Hollowed et al. 2001). Mueter et
al. (2007) demonstrated that in the Gulf of Alaska
and eastern Bering Sea — Aleutian Islands, gadid and
pleuronectid recruitment patterns were inversely
related to each other, suggesting that stocks in

these groups were responding to a common set of
environmental forcing in opposing ways.

We will conduct a Bayesian hierarchical ensemble
analysis to evaluate environmental drivers that
govern the production dynamics of groundfish
stocks in the Aleutian Islands, Gulf of Alaska and
northern California Current. These areas represent
distinct ecosystems, and allow contrasts between
groups of species that may be influenced by different
environmental conditions. The statistical approach
is ideally suited to identifying group-level effects of
environmental features on populations: these models
directly estimate the average effects of environmental
drivers for entire groups of stocks (e.g. the average
effect of Secure Shell [SSH] on recruitment for

each group of stocks). These estimation models use
information on all stocks simultaneously, resulting
in enhanced statistical power and diminished
probability of spurious correlations. By proposing a
suite of candidate grouping/classification schemes
and evaluating model fit for each alternative,

we can identify which grouping scheme is best
supported by the data. An additional strength of

the Bayesian approach is that the resulting output
(posterior probability distributions) can be used as an
informative prior for data-poor stocks.

Objectives

1. Identifying ecologically relevant forcing functions
and developing databases that contain time series
for each.

2. Collecting recruitment and growth data from
target and non-target (likely growth only) fisheries
data as time series and developing a database
structure to house these data.

3. Identifying candidate grouping structures for
species (i.e., what attributes of species might
predispose them to respond to environmental
forcing in similar ways?).

4. Running Bayesian hierarchical models under
alternative grouping structures to estimate the
effects of environmental variables on productivity
and to test which group structure is best supported
by the data.

Accomplishments

Our work on recruitment dynamics is completed, and
was published in Fisheries Oceanography. This work
(Stachura et al) was included in the “highlights” list
for the March 18, 2015 NOAA Scientific Publications
Report. This paper reported on our attempts to test
the hypothesis that recruitment synchrony could

be explained by shared sensitivity to a common set
of environmental drivers. Our conclusions on this
hypothesis were mixed. In the eastern Bering Sea and
California Current, there was fairly large statistical
support for our models in which we group stocks
based on a priori judgements about key process
dictating recruitment, while there was marginal
support in the Gulf of Alaska. In all ecosystems, the
ability to link recruitment of groups to specific sets
of environmental conditions varied among groups

- some groups showed strong associations with
environmental conditions and others showed no
association. We suggest that a main limitation was
detailed knowledge of early life history processes.

We have completed the analysis of growth rate
patterns in Alaska and California Current groundfish.
This is part of the Master’s thesis of Christine

Stawitz, who joined the project in June 2012. She has
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developed a novel method of evaluating trends in

fish growth rates from size-at-age data that permits
comparison across stocks and allows for explicit
consideration of errors-in-measurement that are
common. Importantly, she finds that the most
common form of growth rate variability are “annual”
growth deviations, whereby there are systematic
departures from typical growth rate felt by individuals
of all ages in a given year. This work has been through
one round of review at the Canadian Journal of
Fisheries and Aquatic Sciences, and the reviewers only
requested minor revisions. We have resubmitted our
manuscript and are awaiting a final decision.
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NWFSCACOUSTIC SURVEY SUPPORT

PI
John K. Horne - UW School of Aquatic and Fishery
Sciences

Other UW Personnel
Sandra L. Parker-Stetter — School of Aquatic and
Fishery Sciences

Task Il

NOAA Sponsor

Lawrence C. Hufnagle - Northwest Fisheries Science
Center

NOAA Goal
Healthy Oceans

Description

Sandra Parker-Stetter began working with
Northwest Fisheries Science Center (NWFEFSC) staff
on April 14, 2014. She participated and supported
the Canadian portion of the 2014 Pacific hake
(Merluccius productus) population distribution and
abundance estimate survey aboard the Canadian
Coast Guard ship W.E. Ricker from August 10 to
September 15, 2014. Activities during the survey
included: collecting target strength (i.e., echo returns
from individual animals) data for Pacific hake and
squid using a submersible transducer system to get

Figure 1. Pacific hake (Merluccius productus)

closer to the animals, conducted paired trawling to
obtain data that will be used to evaluate differences

in fish lengths at different locations within a large
aggregation, collected acoustic backscatter data along
pre-planned transects to evaluate hake migration, and
calibrated the vessel’s echosounder system. A Methot
midwater trawl was deployed from the NOAA ship
Bell M. Shimada to validate acoustically detected
macrozooplankton (i.e., euphausiid) targets in the
same region.

In related efforts, sample designs were completed
for a set of midwater trawl samples to evaluate

net retention of myctophids (Myctophidae), and

for sample transects conducted by the Shimada to
evaluate hake migration. Parker-Stetter is leading
and/or assisting with analysis of 2014 Pacific hake
population distribution and abundance survey data,
preparing written and graphical results on findings,
revising protocols for estimation of hake biomass to
be used during the 2015 survey, validating methods
for acoustic identification of non-target fish species,
and advising on protocols for testing a trawl camera
to be used during the 2015 Pacific hake distribution
and abundance estimate survey.

Objectives

This grant supports the Pacific hake distribution
and population abundance estimate acoustic-trawl
survey, and subsequent research
conducted by the Fishery
Resource Analysis and Monitoring
(FRAM) division at the NWFESC.
Personnel associated with the
project support the acquisition
and analyses of acoustic
backscatter and trawl catch data
from a survey grid of predefined
transects along California,
Oregon, and Washington. Reports
summarizing survey results are
written in conjunction with
NWESC personnel; additional
research is conducted in support
of the Pacific hake distribution
and population abundance
estimate survey.
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i

Figure 2. CCGS W.E. Ricker Figure 3. Squid

Accomplishments
1. Parker-Stetter participated in the 2014 hake
research survey aboard the W.E. Ricker.

2. Additional data were collected aboard the
Shimada.

3. Data from the 2014 survey have been analyzed.

4. Research results have been shared with stock
assessment and management personnel from
NWESC.

5. Analyses and testing in support of the 2015 hake
survey are ongoing.
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SYNTHESIZING INFORMATION ON ARCTIC AND

SUBARCTIC FISH

Pl
John K. Horne - UW School of Aquatic and Fishery
Sciences

Other UW Personnel
Sandra L. Parker-Stetter — School of Aquatic and
Fishery Sciences

Task Il

NOAA Sponsor
Phyllis Stabeno - Pacific Marine Environmental
Laboratory

Other NOAA Personnel
Libby Logerwell, Jeff Napp, and Kimberly Rand -
Alaska Fisheries Science Center

NOAA Goals
Healthy Oceans

Description

Fish of the Beaufort and Chukchi seas — Re-examine
acoustic backscatter and midwater trawl catch data
from the northern Bering Sea (collected in 2007,
2009, and 2010) and compare those data with the
Beaufort Sea (collected in 2008). Complete analyses
and data summaries of maps and summary statistics
of fish distributions at spatial resolution(s) that match
other fish distribution data sets.

Mechanisms for enhanced trophic productivity in
Barrow Canyon - Analyze data analysis from the
Beaufort Sea (collected in 2008) to produce a figure
showing distribution of age-1+ Arctic cod based on
acoustic backscatter measurements and trawl catch
biomass. Summarize acoustic, bottom trawl and
physical water property findings from the Beaufort
survey (Parker-Stetter et al. 2013); compile (in
association with Rand and Logerwell) bottom trawl
catch data; write text to summarize bottom trawl
catch figure; and synthesize findings from bottom
trawl in comparison with water column properties..

Objectives

Fish of the Beaufort and Chukchi seas - To
characterize and summarize the composition and
distribution of pelagic fish within the Beaufort and
northern Bering seas.

Mechanisms for enhanced trophic productivity in
Barrow Canyon - To summarize what makes the fish
community composition and/or distribution within
Barrow Canyon unique, or a “hotspot” relative to
surrounding regions.

Accomplishments

Fish of the Beaufort and Chukchi seas

1. Horne and Parker-Stetter wrote sections and edited
a manuscript and analytic plan with coauthor.

2. Beaufort Sea acoustic and trawl data from 2008
were provided to Logerwell for analysis.

3. Parker-Stetter worked with Logerwell and Todd
Sformo (North Slope Borough Department of
Fish and Wildlife) to refine data presentation,
comparisons, and summaries.

4. Parker-Stetter and Horne worked with Logerwell
on manuscript preparation.

5. Manuscript was accepted for publication in March,
2015.

6. Participated in project meetings, conference calls,
presentations, and manuscript preparation for this
project.

Mechanisms for enhanced trophic productivity in

Barrow Canyon

1. Along with Logerwell and Rand, Parker-Stetter
and Horne prepared figures for use in manuscript
preparation, and for presentations by Pickart.

2. Analyses on Barrow Canyon fish (bottom and
midwater trawling) species compositions and fish
distributions were summarized and provided to
Pickart.

3. Participated in meetings, conference calls,
presentations, and manuscript preparation for this
project.
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FISHERIES ACOUSTIC RESEARCH

Pl
John Horne - UW School of Aquatic and Fishery
Sciences

Task 11l

NOAA Sponsor
Jeff Napp — Alaska Fisheries Science Center

Other NOAA Personnel
Christopher Wilson - Alaska Fisheries Science Center

NOAA Goals
Healthy Oceans

Description

This project partially supports a faculty position at the
UW School of Aquatic and Fishery Sciences (SAFS).
Activities include research, supervision of graduate
students and postdoctoral associates, and service.
Research activities examine acoustic reflectivity
properties of north Pacific pelagic nekton (i.e., water
column fish and macrozooplankton species), and
investigate equipment, data acquisition, and analytic
methods used to acoustically enumerate, size, and
map distributions of nekton. Supervision of graduate
students includes those employed by the Resource
Assessment and Conservation Engineering (RACE)
and Resource Ecology and Fisheries Management
(REFM) divisions at the Alaska Fisheries Science
Center (AFSC). Service activities include fostering
collaboration between SAFS and AFSC, co-organizing
and administering the SAFS-AFSC summer
internship program, acoustic training of students
and government scientists, and participating in SAFS
committees.

Objectives

During this reporting period, specific objectives were:

1. To support graduate student and postdoctoral
research associate research programs.

2. To revise and submit the first year of life review
paper of walleye pollock for publication.

3. To complete and submit a manuscript synthesizing
and testing acoustic backscatter models using
standard targets.

Accomplishments

1. Five graduate students (3 Masters, 2 PhDs)
and a postdoctoral research associate were
active during the reporting period. Dale
Jacques defended his Master’s thesis entitled,
“Describing and Comparing Variability of Fish
and Macrozooplankton Density at Marine
Hydrokinetic Energy Sites,” which used mobile
and stationary echosounders, — acoustic
Doppler current profilers (ADCPs), and acoustic
cameras to monitor biomass and to develop
tools for biological monitoring. Two papers
are being prepared for journal submission: the
first quantifies variation in nekton density and
vertical distribution; the second compares six
methods that use mobile acoustic data to estimate
representative spatial ranges of stationary acoustic
measurements and develops a generic framework
to design a distributed monitoring network.
Both PhD students presented results from their
first dissertation chapters. David McGowan
presented, “Forage fish distribution in the central
and eastern Gulf of Alaska” as a poster at the 2015
Alaska Marine Sciences Symposium. Elizabeth
Phillips gave an oral presentation at the Salmon
Ocean Ecology Meeting held in Victoria, British
Columbia entitled, “Quantifying environmental
and biological factors contributing to juvenile
salmon predation risk during early marine
residence.” As part of her postdoctoral research,
Mei Sato submitted a manuscript to Fisheries
Research entitled, “Acoustic classification of
coexisting taxa in a coastal ecosystem” that details
an approach to discriminate and identify fish and
zooplankton species or groups in mixed species
communities. Two graduated PhD students
employed at the AFSC, Kresimir Williams and Stan
Kotwicki, have published additional chapters from
their dissertations in the last year.

2. A review paper entitled, “A review and ecological
synthesis of the first year of life of walleye pollock
(Gadus chalcogrammus) in the eastern Bering Sea
and comments on implications for recruitment,”
that summarizes physical and biological factors
that influence growth, survival, and subsequent
recruitment of walleye pollock was submitted,
revised, and accepted for publication in Deep Sea
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Research II as part of the synthesis volume from
the North Pacific Research Board’s Bering Sea
Integrated Ecological Research Program.

. Results from a workshop held to compare and
contrast characteristics and predictions of current
analytic and numeric acoustic backscatter models
for fish and zooplankton has been summarized

in a manuscript. Predictions from 10 models
were compiled from geometric shaped targets
and parameterized (e.g., size and material
properties) to represent biological organisms
such as zooplankton and fish, and then compared
to those from exact or analytical models used as
benchmarks. These comparisons were made for a
sphere, spherical shell, prolate spheroid, and finite
cylinder, each with homogeneous composition.
For each shape, four target boundary conditions
were considered: rigid-fixed, pressure-release,
gas-filled, and weakly-scattering. Target strength
(TS; dB re 1 m2) was calculated as a function of
insonifying frequency (f = 12 to 400 kHz) and
angle of incidence (6 = 0° to 90°). In general,
numerical models (i.e., boundary- and finite-
element) matched the benchmarks over the full
range of simulation parameters. Prediction errors
associated with analytical models were identified,
along with their operational advantages of being
computationally efficient and, in certain cases,
provided solutions that numerical models did not
due to lack of convergence. This manuscript has
been submitted, and is currently under revision for
the Journal of the Acoustical Society of America.
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MARINE BIOLOGICAL INTERACTIONS IN THE NORTH
PACIFIC - FISH INTERACTIONS

Pl
Bruce Miller - UW School of Aquatic and Fishery
Sciences

Other UW Personnel

Richard Hibpshman, Sean Rohan, Caroline Robinson,
and Kimberly Sawyer — School of Aquatic and Fishery
Sciences

George A. Whitehouse, Kirstin Holsman, and Ivonne
Ortiz - Joint Institute for the Study of the Atmosphere
and Ocean

Task Il

NOAA Sponsor

Kerim Aydin - Alaska Fisheries Science Center

Other NOAA Personnel

Stephani Zador — Alaska Fisheries Science Center

NOAA Goals

Resilient Coastal Communities and Economies
Healthy Oceans

Description

This research project focuses on improving
ecosystem-based fishery management through
increased understanding of predator/prey
relationships, improved predator/prey models, and
development of ecosystem indicators.

Objectives
1. To perform investigations of the feeding ecology of
North Pacific fishes.

2. To assist in collecting stomach, plankton, or
benthic samples in the field.

3. To use groundfish food habits data to develop
or improve multispecies models for fisheries
management.

4. To refine, update, and expand the Ecosystem
Considerations report.

5. To develop ecosystem models of Arctic regions.

Accomplishments
Objectives 1 and 2: Feeding Ecology and Sample
Collections

Personnel analyzed the stomach contents of more
than 40 species sampled from the eastern Bering Sea,
the Aleutian Islands, the Gulf of Alaska, the northern
Bering Sea, and the Chukchi Sea regions. The
contents of 16,326 stomach samples were analyzed
including 3,636 stomach samples analyzed at sea
during the Alaska Fisheries Science Center (AFSC)
Aleutian Islands groundfish survey. This resulted in
the addition of more than 53,000 records to AFSC’s
Groundfish Food Habits Database. In addition to
stomach samples from groundfish, we analyzed bill-
load samples from 129 tufted puffins and 28 horned
puffins collected from breeding colonies on Buldir
and Aitak Islands.

Collection of additional stomach samples was
accomplished through resource survey, special studies
comparing stomach contents with prey-sampling,
and Fishery Observer sampling. Over 5,800 stomach
samples were collected from large and abundant
predators during the eastern Bering Sea bottom
trawl survey of the continental shelf. At-sea analysis
of stomach contents was conducted on almost 1,500
groundfish during the Aleutian Islands bottom trawl
survey. These samples were supplemented by the
collection of 1,674 stomach samples from Alaskan
fishing grounds by fishery observers.

Objective 3: Multispecies Modeling and Fisheries
Management

This year, researchers completed development and
submission for publication of the Forage Euphausiid
Abundance in Space and Time model - a spatially
dynamic model of oceanography, plankton, and

fish for the Bering Sea, and the Climate-Enhanced
Age-based model with Temperature-specific Trophic
Linkages and Energetics. The resulting models

have focused fieldwork and started a collaborative
framework between field researchers and modelers;
these models will also be centerpieces of this strategy
developing an Integrated Ecosystem Assessment
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(IEA) for the Alaska region. As IEAs focus on
delivering management results, this will serve as a
direct conduit for bringing process-oriented fieldwork
into the management arena via management strategy
analyses, ecosystem indicator development, and
improved prediction capabilities, both in the short
and long term.

Objective 4: Ecosystem Considerations Report

The Ecosystem Considerations report is produced
annually for the North Pacific Fishery Management
Council as part of the Stock Assessment and Fishery
Evaluation report, as a collaboration between this
project and the AFSC. The goal of the Ecosystem
Considerations report is to provide the council and
other readers with an overview of marine ecosystems
in Alaska through ecosystem assessments, and by
tracking time series of ecosystem indicators. The
ecosystems under consideration include the Arctic,
the eastern Bering Sea, the Aleutian Islands, and the
Gulf of Alaska.

The report includes additional new and updated
sections, including the 2014 Eastern Bering Sea

and Aleutian Islands Report Cards and ecosystem
assessments. This year, the Hot Topics section
includes topics from most ecosystems. In the Arctic, a
large phytoplankton bloom observed beneath the sea
ice suggests that primary production pathways may
be changing in the Chukchi Sea. The hot topic for the
eastern Bering Sea was the observed mortalities of
two endangered short-tailed albatross in association
with a longline fishing vessel. The hot topics for the
Gulf of Alaska include the “warm blob” of record
high sea surface temperatures that developed in
early 2014 and persisted through the end of summer,
and the exceptionally high reproductive success
across several seabird species in the western Gulf.
The section in the report that describes ecosystem
and management indicators includes updates to

44 individual contributions and presents six new
contributions. These include contributions on
temporal trends in Pacific sand lance as revealed

by pufhins; using ecosystem indicators to develop

a Chinook salmon abundance index for southeast
Alaska; an eastern Bering Sea pollock recruitment
index that incorporates sea temperature and salmon;
occurrence of mushy halibut syndrome; and two on

groundfish condition in the Aleutian Islands and Gulf
of Alaska.

Additional regional 2014 ecosystem highlights
include the warm summer conditions in the eastern
Bering Sea, involving the early break up of sea ice, a
reduced cold pool of bottom water, and warm surface
air conditions. This was the first warm year following
a sequence of seven cold years in the eastern Bering
Sea. The Aleutian Islands also experienced warm
temperatures; survey biomasses of most fish species
increased compared with the last survey in 2012.

In addition, a review of Gulf of Alaska indicators
suggests that there was a shift in ecosystem state in
2006. The report is available online at the Ecosystem
Considerations website.

Objective 5: Arctic Modeling

Analysis was completed of Chukchi Sea fish food
habits data and is being prepared for journal
submission. One manuscript evaluates the trophic
guild structure of the demersal fish community of
the eastern Chukchi Sea, including 39 species of fish.
The second manuscript focuses on Arctic cod and
examines patterns in their summer diet composition
across a wide latitudinal range from the eastern
Bering Sea up through the eastern Chukchi Sea. A
summary of key results from these two studies on
posters was presented at the Alaska Marine Science
Symposium in January. A full draft manuscript of the
Ecopath model of the eastern Chukchi Sea has been
completed, and is presently under review.
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INNOVATIVE TECHNOLOGY IN THE ARCTIC

Pl
Calvin Mordy - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel

Shaun Bell, Kim Martini, Margaret Sullivan, Heather
Tabisola, Timothy James Osse, and Miriam Doyle —
Joint Institute for the Study of the Atmosphere and
Ocean

Task Il

NOAA Sponsor
Dennis Moore — Pacific Marine Environmental
Laboratory

Other NOAA Personnel

Chris Meinig, Jessica Cross, Phyllis Stabeno, Jeremy
Mathis, Noah Lawrence-Slavas, Edward Cokelet,
and Wiley Evans - Pacific Marine Environmental
Laboratory

NOAA Goals
Healthy Oceans

Description

The U.S. Arctic and Bering Sea are big, remote, and
harsh environments that are often difficult and costly
to explore. To better study these marine ecosystems
and the rapid changes that are occurring, the
Innovative Technology for Arctic Exploration (ITAE)
program is developing new sensors and platforms to
meet the scientific demand in these regions. ITAE is a
collaborative research effort by JISAO, the University
of Alaska Fairbanks, and NOAA scientists at the
Pacific Marine Environmental Lab (PMEL). The
mission of the ITAE Program is to conceptualize and
build effective technologies for the assessment of the
Arctic environment and ecosystem with the operation
of high-resolution sensors on autonomous platforms
near sea ice.

Objectives

1. Conceptualization to final stage of innovative
sensors and platforms to meet the demand of
research in the Arctic.

2. Monitoring of the oceanographic ecosystem
through analysis and processing of data from
innovative technologies - providing critical
information on the response of the environment to
changes in climate.

3. Publicizing data through websites, presentations,
publications, and workshops.

Accomplishments
1. Design of several new sensors and platforms.

2. Collaboration with Saildrone Inc. for an Arctic
Field Program in the summer of 2015. The
Saildrone is a new autonomous platform that has
a large payload and moves quickly through the
water (2-3x as fast as gliders). During the reporting
period, ITAE worked with Saildrone Inc. engineers
to incorporate a basic suite of meteorological and
oceanographic sensors into the Saildrone including
winds, air temperature and humidity, barometric
pressure, ocean surface temperature, and water
properties of temperature, salinity, dissolved
oxygen, and fluorescence. This effort included
several trips to San Francisco for PMEL and JISAO
engineers to meet with Saildrone Inc. engineers
while the platform was being developed.

3. Collaboration with PMEL and the National
Oceanography Centre (NOC), Southampton,
UK to conduct a Waveglider and Radiation Buoy
Arctic Field Program in the summer of 2015. This
will include field tests of several new innovations:
a profiling mooring (Prawler), and a Lab-on-a-
Chip (LOC) nitrate sensor. The Prawler is a new-
generation autonomous platform that ratchets up
and down the mooring line, and is equipped with
temperature, salinity and oxygen sensors. The LOC
was developed, and is on-loan, from NOC. This
sensor conducts in situ chemistry on a microplate
with on-board reagents and standards. In the
past year, we acquired the SUNA (submersible
ultraviolet nitrate analyzer), formalized the LOC
loan with NOC, and continued innovation and
initial testing of the Prawler in Puget Sound,
assisted with designs of the buoy and mooring
(power supply and mounts for the LOC, SUNA
and Prawler), and mission planning with NOC
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and the Ecosystem and Fisheries-Oceanography
Coordinated Investigations (EcoFOCI) program at
PMEL.

. In addition, two other platforms were under
development in the last year; a variable speed
coastal glider (in collaboration with other NOAA/
Oceanic and Atmospheric Research [OAR]

labs) and an under-ice expendable float array
(ExFloat, in collaboration with EcoFOCI). Last
year, our efforts were the conceptual design of
both platforms, initial engineering of the coastal
glider, and collaboration with the University

of St. Andrews (Scotland, UK) to develop

the ExFloat sensor, including a new low-cost
solid-state salinity sensor and incorporation of
PAR (Photosynthetically active radiation) and
fluorescence sensors. Operation of gliders in
coastal environments is especially difficult due

to the fast buoyancy changes required in shallow
waters, strong coastal currents, and the prevalence
of buoyant plumes. For operation on the shallow
arctic shelves, we are developing a variable-speed
coastal glider that can quickly change buoyancy.
The second platform under development is a
moored array of floats that will be periodically
released underneath the ice. After release, the
floats will ascend and collect profile data, and this
information would be transmitted to the mooring
through a thin wire. The float would eventually
break free from the mooring and continue to
collect data from underneath the ice. Once free
from the ice, all data from the float would be
telemetered to shore. Sensors within the floats

are based upon marine mammal tags that were
developed by the University of St. Andrews. These
sensors already include many of the parameters,
and have the capability to telemeter data once free
of the ice. With an eye on future glider missions,
ITAE also deployed a moored ice-thickness
profiler in the Chukchi Sea that will help to better
characterize the regional ice-field.

. In addition, four other sensors are in various
stages of development: 1) a Simrad Wideband
Autonomous Transceiver (WBAT); a CO,-
methane analytical system; a Pulse Amplitude
Modulated (PAM) fluorometer; and an In-Situ
Ichthyoplankton Imaging System (ISIIS). Last year,
ITAE and Saildrone Inc. began to engineer two
additional sensors into the Saildrone platform. The

—9]1 —

Simrad WBAT is a prototype next-generation low-
power scientific echosounder capable of producing
data equivalent to those used on NOAA fishing
survey vessels, and effective to depths < 300m.
ITAE has partnered with the National Marine
Fisheries Service (NMES) for the deployment of
the WBAT on the Saildrone during NMES acoustic
surveys in 2016. The second innovation for the
Saildrone is a CO,-methane analytical system that
will permit broad surveys of greenhouse gasses

in the Arctic. Stabilizers have been engineered to
the platform that will improve operation of the
equilibrator in high seas. The other two sensors

are being developed for the coastal glider. During
the reporting period, a new prototype of the

PAM fluorometer was designed and built for in
situ measurements, and is currently being tested
by the manufacturer. The PAM fluorometer
provides information on the abundance and
health of phytoplankton, but is not designed for

in situ measurements from a moving platform.
The second sensor is the In Situ Ichthyoplankton
Imaging System (ISIIS) that is being developed in
collaboration with NMFS and the Hatfield Marine
Science Center in Newport, Oregon. The current
generation ISIIS is a large towed (~5 knots) vehicle
that provides video of small plankton passing

by the instrument, and utilizes face-recognition
software to quantify these organisms. Last year,
ITAE organized a workshop of engineers and
biologists to: 1) identify the scientific needs and
match those with the capabilities of the instrument;
and 2) envision how to engineer this sensor onto a
profiling glider. The glider conceived was a variable
speed coastal glider operating at low speed during
regular profiling, and high speed (~3 knots) when
operating the ISIIS.
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ANNOTATED CHECKLIST OF BOTTOM-TRAWLED
MACROINVERTEBRATES OF ALASKA, WITH AN
EVALUATION OF IDENTIFICATIONS IN THE ALASKA
FISHERIES SCIENCE CENTER BOTTOM-TRAWL SURVEY

DATABASE

Pl
Theodore W. Pietsch - UW School of Aquatic and
Fishery Sciences

Other UW Personnel

David Drumm and Katherine P. Maslenikov — School
of Aquatic and Fishery Sciences

Task Il

NOAA Sponsor

James W. Orr, Alaska Fisheries Science Center

Other NOAA Personnel
Robert R. Lauth and Duane E. Stevenson — Alaska
Fisheries Science Center

Non-UW/Non-NOAA Personnel
Robert Van Syoc - California Academy of Sciences,
San Francisco

NOAA Goal
Healthy Oceans

Description

The primary goal of this project is to produce an
annotated checklist of the marine macroinvertebrates
of Alaska. The Alaska Fisheries Science Center

has conducted annual bottom-trawl surveys of

the Alaska continental shelf and upper slope since
1975. These surveys are the most comprehensive of
their kind, conducted across the continental shelf
and upper slope, and are well established for the
management of commercially significant fishes and
crabs. The potential for using these surveys as indices
of invertebrate distribution and abundance is also
immense. Yet, while invertebrates have generally been
identified to the species level during these surveys,
the quality of invertebrate identifications, with the
exception of commercially important crabs and

shrimps, has been suspect and inconsistent through
the years, in part because of the lack of a consistent
reference to the complex nomenclature and known
distribution of invertebrates. With the availability
of recent field guides, gaps in our knowledge are
increasingly evident.

This project entails the preparation of an annotated
checklist of the marine macroinvertebrates of Alaska,
and the evaluation of the historical bottom-trawl
survey database. Collaborators will participate in
surveys for the observation and collection of data and
photographs of specimens at sea, examine significant
specimens from historical collections in national
museums, survey taxonomic and other biological
literature, and publish an annotated checklist of the
marine macroinvertebrates of Alaska. With these
comprehensive data at hand, we will conduct a
retrospective analysis of the bottom-trawl survey
database to assess levels of confidence for each
invertebrate species over survey years.

Objectives

1. Produce a comprehensive annotated checklist
of Alaskan invertebrates to be submitted for
publication in NOAA Professional Papers, a
series available digitally over the Internet with a
worldwide print distribution.

2. Publish the results of the AFSC survey database
assessment in the local Technical Memorandum
series, also freely available over the Internet.

3. Incorporate synthesized results of this analysis
into research publications planned for the primary
literature.

Accomplishments

Unfortunately, we are unable to report any progress
beyond what was summarized in last year’s report.
We have done substantially more than was initially
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promised - final completion of the project now lies
in the hands of the NOAA publication editors who
have now had the manuscript in hand for nearly 20
months.

1. In satisfying Objective 1, a completed draft of the
checklist passed through AFSC internal review
in mid-2013, with only minor suggestions. It was
then submitted for publication on August 12, 2013
to NOAA Professional Papers by senior author
David T. Drum, and is currently undergoing
peer-review. The manuscript, with authorship
and title as follows, includes over 3,500 species,
listed by higher classification down to species
name, including synonyms, common names
(when applicable), type locality, geographic
distribution, and depth distribution: Drumm,
D. T, K. P. Maslenikov, R. Van Syoc, J. W. Orr,
R. R. Lauth, D. E. Stevenson, and T. W. Pietsch.
In review. Annotated Checklist of the Marine
Macroinvertebrates of Alaska. NOAA Professional
Papers NMES 00, U.S. Department of Commerce,
932 manuscript pages.

The external review process has been delayed

for several reasons, the primary problem arising
from the sheer size of the manuscript. The editors
are essentially overwhelmed: they have had
exceptional difficulty finding reviewers willing to
evaluate it. As of March 11, 2014, responses from

a couple of referees had still not been received. A
government shutdown and a move of the Honolulu
laboratory caused further delays. The combined
effect of these events has put the process severely
behind schedule in sending authors decisions
about manuscripts (Bruce C. Mundy, Scientific
Editor, personal communication, March 11,

2014). In summary, the manuscript has been
provisionally accepted and we are confident that it
will be accepted for publication but, at this point in
the process, we cannot say when we will have the
final decision or when we will see it in print.

2. In satisfying Objective 2, we have published
two documents that report the results of the
AFSC survey database assessment in the NOAA
Processed Reports series, both published in
2014: the first, focuses on “Species identification
confidence in the Gulf of Alaska and Aleutian
Islands groundfish surveys (1980-2011)”; and the
second, on “Species identification confidence in

the Bering Sea slope groundfish surveys (1976-
2010)”

. In satisfying Objective 3, four peer-reviewed

papers have been published. Two of these are
devoted to descriptions of new taxa discovered
while carrying out this work, a new species of
crustacean of the apseudid genus Fageapseudes;
and a new species of sponge of the geodiid genus
Geodia. The third publication describes range
extensions and provides notes on the biology of
three species of decapod crustaceans, while the
fourth provides evidence of genetic divergence in
sibling species of deep-sea crangonid shrimps of
the genus Argis.
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ARCHIVAL STORAGE AND DISSEMINATION OF DATA FOR
THE NORTHEAST PACIFIC OCEAN AND BERING SEA FISH
EGGS, LARVAE, AND ADULTS COLLECTED DURING NMFES

SURVEYS

Pl
Theodore W. Pietsch - UW School of Aquatic and
Fishery Sciences

Other UW Personnel

Katherine P. Maslenikov — School of Aquatic and
Fishery Sciences

Task Il

NOAA Sponsor
Ann Matarese Kiernan — Alaska Fisheries Science
Center

Other NOAA Personnel

James W. Orr - Alaska Fisheries Science Center

NOAA Goal
Healthy Oceans

Description

The Alaska Fisheries Science Center (AFSC) Resource
Assessment and Conservation Engineering (RACE)
Division annually collects ichthyoplankton and adult
fishes from Alaska. The National Marine Fisheries
Service (NMFS) is mandated to transfer important
fish collections to the U.S. National Museum or other
designated museums for permanent archival storage.
The University of Washington Fish Collection
(UWEC) has been designated as one of four such
institutions in the United States and is the only

one that specializes in fishes from the boreal North
Pacific. The facilities and personnel of the UWFC

- a fully computerized, well-documented, archival
research collection of freshwater and marine fishes
of Washington State, the Pacific Northwest, and

the Pacific Rim, existing to serve the research and
educational needs of students and professionals by
providing on-site study facilities; a comprehensive
library of books, journals, and reprints; loans and
gifts of ichthyological materials; identification

services; and an active program of public outreach
— are superbly suited to perform the tasks described
here. Under the current grant, the RACE Division
Groundfish Task, and Recruitment Processes Task
each transfers significant numbers of specimens to
the UWEC to be archived.

Financial support has been provided to continue

a long-standing cooperative relationship with the
UWEC as the repository of ichthyoplankton. As a
result of previous AFSC support, we have transferred
114,778 lots of eggs and larvae collected between
1977 and 2007. This consolidation of material has
made the UWFC the largest repository of early life
history stages of fishes in North America. Database
records for 7,963,682 individual specimens are now
available online from the UWFC website.

At the same time, support has been provided to

the UWEFC to archive vouchers of juvenile and

adult fishes collected during surveys of the Alaskan
continental shelf and upper slope. The UWEC has
served as the primary repository for tens of thousands
of juveniles and adults fishes collected since the 1970s
through the Center’s activities. Thousands of lots of
adult fishes collected from 1995 to 2013 have already
been transferred to UWFC during recent years.
Database records for 54,236 cataloged lots of juveniles
and adults (totaling 384,801 individual specimens)
are now available online from the UWFC website.
These efforts will continue as we also transfer locality
data and maintain a full web-based inventory of lots
presently housed at UWEFC.

Objectives

To provide for the archival and maintenance of
specimens of fish eggs, larvae, and adults collected by
the AFSC RACE Division during fisheries resource
surveys conducted in the northeast Pacific Ocean
and Bering Sea. The following specific tasks will be
performed:
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1. Provide location and storage of AFSC specimens
within commuting distance of the AFSC at the
NOAA Western Regional Center at Sand Point,
Seattle, Washington, to allow for easy and frequent
access by the AFSC staff.

2. Transfer all available fish eggs and larvae collected
by the AFSC RACE Division to the UWFC
during the performance of the base year services
of the resulting grant. Additional collections
from subsequent years will be made available for
transfer if any option is exercised for additional
years of service.

3. Transfer up to 1,000 lots per year of adult fishes
collected in RACE surveys to the UWFC. UWFC
will transport specimens from AFSC to UWEFC.
Additional collections from subsequent years will
be made available for transfer if the options for
additional years are exercised.

4. Continue to update the UWFC specimen archival
Internet database to increase access speed and
search efficiency for retrieval of information of
AFSC specimens archived at UWEFC.

5. Add and catalog lots of fish eggs, larvae, and adult
fishes in standard UWFC specimen catalog system
and maintain the archived specimens and catalog
system database.

6. Provide one to three students or staff per year to
participate in AFSC fisheries surveys based on
three round-trip fares to Dutch Harbor, Alaska,
associated per diem, and any additional labor
such as overtime or hardship/weekend pay to
participate on a cruise.

Accomplishments

1. During the current reporting period, graduate
student Alicia Godersky made great progress
in recovering from the many disruptions of
previous years, with massive renovation of our
building, bringing collection access to a halt for
several months, and a high rate of turnover in
personnel working with the Early Life History
(ELH) collection. Alicia has now reconciled and
cataloged the odd-year material left over from
prior transfers, which includes some inconsistent

locality data that has stymied her two predecessors.

This included 4,308 larvae in 1,172 vials, 9 eggs
in 5 vials, and 733 juveniles in 52 vials. Material

received in the 2013 transfer was inventoried,
and included 30,612 larvae in 1,590 vials, 74,005
eggs in 2,150 vials, and 85 juveniles in 42 vials.
The cataloging and online posting of this material
is now well underway. The ELH collections staft
has maintained their ability to fulfill all data and
cataloging requests from AFSC personnel, as well
as those from outside user groups.

. During this same period, 432 lots of adult fishes,

including a total of 1,136 specimens, all obtained
from AFSC sources, were identified, curated, and
archived (a complete list of species is available

on request). The UWFC Internet database was
updated to reflect these additional cataloged lots,
thus fulfilling part of deliverable number 3 listed
above. At the same time, tissues for future DNA
studies were taken from 268 AFSC lots, transferred
to appropriate vials, and placed for long-term
storage in our -86° C freezer, thus adding to our
ever-growing collection of genetic resources.

The number of lots with tissues samples has now
reached 5,715 representing 815 species (a list of
species and specimens is available on request). Our
Internet search interface allows individual searches
for records with tissue samples (in addition to
skeletal, early life history stages, and adults), using
Latinized scientific names as well as common
names.

. During the current reporting period, Godersky

made progress toward curating and cataloging

the ELH collection. The 2014 yearly transfer was
received, which included larvae and eggs collected
in 2007, plus a small amount of odd material from
the past few years and some older material. This
material will be curated and cataloged this spring.
A large part of the work during this reporting
period involved extensive correspondence with
Jessica Randall and other AFSC personnel
regarding data issues from old material. During
this correspondence period, Godersky took the
opportunity to curate the uncataloged collection,
consisting of NMFS material as well as material
from other sources, which included adjusting fluid
levels, changing caps, and assessing material to see
which have potential to be cataloged. Additionally,
she worked on cataloging an old collection of
Hippoglossus stenolepis eggs and larvae donated
by the International Pacific Halibut Commission
(IPHC) in 1989 (Accession #: 1989-XI:9) that had
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been uncataloged up to this point. A total of 532
vials with 1,475 specimens from this cruise have
been assigned catalog numbers and mostly labeled.
These specimens were collected in the 1930s, and
are a valuable resource to make public through
cataloging and including in our online database.
Godersky and some of our volunteers also started
working with unsorted plankton samples from
NMES cruises in 1985 and 1986 in the Gulf of
Alaska. All halibut larvae were removed from these
samples by the IPHC, but the remaining plankton
were given to the UWFC in 1992 (Accession
#1992-VII:7). A different type of net was used to
collect these samples, so the hope is that there

will be species of fishes and larval stages found

in these samples that do not typically occur in

the routine sampling done by NMEFS. There are
approximately 70 gallons of this unsorted material,
but roughly five gallons have now been sorted so
the fish eggs and larvae have been separated from
the other zooplankton. During this period, the
ELH collections staff has maintained their ability
to fulfill all data and cataloging requests from
AFSC personnel, as well as those from outside user
groups.

. During this same period, 166 lots of adult fishes,
including a total of 594 specimens, all obtained
from AFSC sources, were identified, curated, and
archived (a complete list of species is available

on request). The UWEC Internet database was
updated to reflect these additional cataloged

lots (thus fulfilling part of deliverable number 3
listed above). At the same time, tissues for future
DNA studies were taken from seven AFSC lots,
transferred to appropriate vials, and placed for
long-term storage in our -86° C freezer, thus
adding to our ever-growing collection of genetic
resources. The number of lots with tissues samples
has now reached 5,800, representing 815 species
(a list of species and specimens is available on
request). Our Internet search interface allows
individual searches for records with tissue samples
(in addition to skeletal, early life history stages, and
adults), using Latinized scientific names as well as
common names.
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DEVELOPMENT OF A PACKAGE OF FUNCTIONS TO
FACILITATE THE DEVELOPMENT OF CUSTOM STOCK
ASSESSMENT MODELS, INCLUDING SIZE-BASED CRAB

MODELS

Pl Objectives
André Punt - UW School of Aquatic and Fishery 1. Develop a consistent format for packages in
Sciences ADMB.

2. Create, test, and provide functions.
Other UW Personnel 3. Provide examples.
Athol Whitten - School of Aquatic and Fishery 4. Develop a generic assessment package for North
Sciences Pacific crab stocks.
Task 11l Accomplishments

1. Athol Whitten developed a set of mathematical
NOAA Sponsor specifications for the Generalized Model for

James Ianelli — Alaska Fisheries Science Center

NOAA Goals
Healthy Oceans
Resilient Coastal Communities and Economies

Description

General stock assessment models have many benefits,
but there are cases in which general models do

not have the required structure, and inappropriate

or suboptimal assumptions have to be made (i.e.,

shoehorning the stock into the general model) or 2.

a custom model developed. There is also a need to
develop models for research so that general models
can be improved. In these cases, methods that
facilitate the development of models can greatly
reduce development time, increasing the productivity
of researchers. One such approach is the package
system used in the R statistical language. Packages
consist of functions developed for previous analyses
put together in a consistent format so that they can
be used by others. These packages are used by other
developers to create new functions. There are several
packages developed for fisheries stock assessment,
including the Fisheries Library in R (FLR), which

is used extensively in Europe. A similar package for
Automatic Differentiation Model Builder (ADMB)
would greatly facilitate the development of custom
stock assessment models and methodological
research. It would also encourage others to produce
and make available their own ADMB packages.

Alaskan Crab Stocks (Gmacs). These specifications
were implemented within the framework of

a package of functions (the Common Stock
Assessment Routines, Cstar). The function package
under development will eventually be made
available as a contributed library to the ADMB
software suite (following the similar concept of
preinstalled packages for R). Whitten collaborated
with André Punt, James Ianelli, and Steve Martell
of the International Pacific Halibut Commission
(IPHC) on the project.

Whitten facilitated the introduction of the package
to the analysts from NOAA and the Alaska
Department of Fish and Game, who are tasked to
conduct stock assessments of crab stocks for use
by the North Pacific Fishery Management Council
(NPFMC) Crab Plan Team. Several working

pilot versions of assessments of crab stocks were
developed and used to refine Gmacs. These pilot
versions, as well as the associated documentation,
were presented to, and refined during, the January
2015 Crab Modeling Workshop in Seattle, as well
as during meetings of the NPFMC Crab Plan
Team.
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FORECAST EFFECTS OF OCEAN ACIDIFICATION ON
ABUNDANCE OF EASTERN BERING SEA TANNER CRAB
AND ALEUTIAN ISLANDS GOLDEN KING CRAB

Pl
André Punt - UW School of Aquatic and Fishery
Sciences

Task Il

NOAA Sponsor

Michael Dalton — Alaska Fisheries Science Center

NOAA Goals

Resilient Coastal Communities and Economies

Description

The increase in atmospheric CO2 concentrations,
caused primarily by fossil fuel emissions,
deforestation, and concrete production, has led to a
corresponding increase in the CO, concentrations in
the ocean. This increase is leading to changes in the
carbonate chemistry of the oceans and a decrease in
pH. As CO, levels continue to rise over the coming
decades, the pH in the ocean will fall even further.
This reduction in pH, and increase in CO,, can have
substantial physiological effects on marine organisms,
affecting growth, survival, reproduction, and
behavior. Calcifying organisms may be particularly
affected because the reduction in pH makes it more
difficult to excrete and sustain a calcified shell or
exoskeleton. There is already some evidence that
ocean acidification is likely to impact crabs. While
the focus of the impacts of ocean acidification has
been mainly on the biological effects, species such as
crabs support valuable fishery resources, and ocean
acidification may have major consequences for these
fisheries and how they are managed. To forecast
potential consequences of ocean acidification on the
future abundance of vulnerable and commercially
important North Pacific crab stocks, a work plan is
proposed to develop population dynamics models
and bio-economic models for Aleutian Islands golden
king crab. This work plan builds on past and ongoing
NOAA-supported research in this area. In particular,
model input will be taken from physiological research

for these species that is being conducted at the
Alaska Fisheries Science Center to characterize their
susceptibility to ocean acidification.

Objectives
1. EBS Tanner Crab
a. Construct a model which relates pre-recruit

mortality and the time to grow from one
stage to another given changes in ocean pH to
forecast how the proportion of EBS Tanner crab
eggs which lead to recruits (at 65 mm carapace
width [CW]) will change over time.

b. Develop a population dynamics model for
adult EBS Tanner crab. This model will have
two options, one in which EBS Tanner crab
constitute a single homogeneous biological
stock throughout its range, and another in
which the dynamics (e.g. growth, fecundity),
differ east and west of 170E.

c. Develop a bio-economic model which integrates
the population dynamics for EBS snow and
Tanner crab, allows for bycatch of Tanner
crab due to the fishery for EBS snow crab, and
permits growth and mortality of pre-recruit
stages to depend on pH.

2. Golden King Crab
a. Develop a model which relates pre-recruit
mortality and the time to grow from one
stage to another given changes in ocean pH to
forecast how the proportion of Aleutian Islands
golden king crab eggs, which lead to recruits,
will change over time.

b. Link this model to an economics model and
use it to calculate maximum sustainable yield
(MSY) and maximum economic yield (MEY)
over time given different rates and trends in
future ocean pH.
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Accomplishments

1. A size-structured population dynamics model
that includes post-recruit EBS snow and Tanner
crab has been developed. This model can be
projected forward under sequences of target
fishing mortality rates for the directed fisheries for
EBS snow and Tanner crab. The model is spatially
structured (three spatial cells divided at 166°W and
58°N) and the fishing mortality on EBS snow crab
leads to fishing mortality on EBS Tanner crab. The
values of the parameters of the population models
for the two species are based on fitting them to
spatial data on catches, catch length-frequency,
survey indices of abundance, survey length-
frequency data and bycatch of EBS Tanner crab in
the EBS snow crab fishery. A report on this work
was provided to NOAA and will form the basis for
a paper to be submitted during summer 2015.

2. The work on golden king crab will be completed
during 2015-16.
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INCORPORATING CLIMATE DRIVEN GROWTH
VARIABILITY INTO STOCK ASSESSMENT MODELS: A
SIMULATION-BASED DECISION TABLE APPROACH

Pl
André Punt - UW School of Aquatic and Fishery
Sciences

Task Il

NOAA Sponsor

James Thorson — Northwest Fisheries Science Center

Other NOAA Personnel

Vladlena Gertseva — Northwest Fisheries Science
Center

NOAA Goal

Resilient Coastal Communities and Economies

Description

Biological characteristics of managed fishes are likely
to vary with time due to environmental variability.
Growth of splitnose and yelloweye rockfishes has
been previously found to be highly correlated with
several productivity indicators in the California
Current Ecosystem, and time-series of climate-
growth indices have been developed for these two
species, using otolith band reading techniques. These
indices, however, have not been used to inform stock
assessments, due to a lack of guidance for when and
how to incorporate indices of time-varying individual
growth into an assessment model. A generic decision
table approach will be used to evaluate the effects of
incorporating climate-driven time-varying growth
into stock assessment models. Values in the decision
table will represent management outcomes (i.e., lost
yield and the probability of overfishing) and will be
generated using simulation modeling, while existing
data for splitnose and yelloweye rockfishes will

be used to estimate the prior probability of time-
varying growth. This simulation-based decision table
approach will provide guidance on whether and

how to include the environmental indices in future
splitnose and yelloweye rockfish assessments. It could
also be used generically to help evaluate the utility
of including environmental data in stock assessment
models.

Objectives

1. Use the Stock Synthesis ‘bootstrap’ simulator
to generate data that are similar to those for
splitnose and yelloweye rockfish, and evaluate
both (a) the ability to correctly identify the
presence or absence of an environmental effect on
individual growth; and (b) the effect of ignoring
an environmental index when present, and
estimating an environmental index when absent,
upon management quantities of interest (i.e., the
probability of overfishing and lost yield).

2. Apply various methods to include an
environmental index in Stock Synthesis to data for
splitnose and yelloweye rockfish.

3. Synthesize objectives 1 and 2 to construct a
decision table to demonstrate the costs and
benefits of estimating an environmental index in
the splitnose and yelloweye rockfish assessment
models.

Achievements

1. Lee Qi (SAFS, MS student) has implemented a
mixed effects model to estimate environmental
effects on growth rates. This method is being
tested using simulation to evaluate how
growth increment data can be used to estimate
environmental effects.

2. Qi has also developed an experimental design to
evaluate the trade-off between the probability of
overfishing and lost yield, related to the choice of
whether to include an environmental index for
growth in a stock assessment.
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INVESTIGATING VALUE OF SPATIALLY EXPLICIT MODELS

FOR PELAGIC FISH

Pl
André Punt - UW School of Aquatic and Fishery
Sciences

Other UW Personnel
Felipe Hurtado - School of Aquatic and Fishery
Sciences

Task Il

NOAA Sponsor
Richard Methot — Northwest Fisheries Science Center

NOAA Goal

Resilient Coastal Communities and Economies

Description

A feature of Stock Synthesis that is particularly
relevant for assessment of Pacific sardine is its
capability to subdivide the stock into interacting
geographic regions. However, the quality and
quantity of data needed to calibrate the model in this
configuration is not well known. The performance
of Stock Synthesis for Pacific sardine is amenable

to investigation through simulation studies that
generate hypothetical datasets and evaluate the
fidelity with which Stock Synthesis is able to estimate
the characteristics of the hypothetical fish stock
from which those data were drawn. Management
Strategy Evaluation will therefore be used to test

the performance of various configurations of Stock
Synthesis, including configurations which include
spatial structure. The operating model to be used for
the evaluation will be more complicated than any
potential Stock Synthesis model configuration (fine
spatial and temporal strata from Mexico to Canada,
and time-dependent movement probabilities by age).
A key focus for the evaluation will be the generation
of catch length-frequency and conditional age-
at-length data in a realistic manner. The need for
realistic data generation procedures was highlighted
in the March 2013 Center for the Advancement of
Population Assessment Methodology (CAPAM)
Selectivity Workshop. The study will compare

configurations of Stock Synthesis which treat areas as
fleets, and which are spatially explicit.

Objectives
1. Develop a spatially structured operating model
based on the actual situation for Pacific sardine.

2. Use this operating model to represent a range of
situations which capture uncertainty in the spatial
structure of the Pacific sardine resource.

3. Use the operating model to generate data and apply
Stock Synthesis to estimate biomass and fishing
mortality.

4. Summarize the results in terms of measures of bias
and precision.

Accomplishments

1. An operating model has been developed that can
represent the Pacific sardine population spatially,
and generate the types of data available for
assessments of Pacific sardine: catch, catch-length
frequency and conditional age-at-length data for
four major fisheries (Mexico, California, the U.S.
Pacific Northwest, and Canada), as well as indices
of abundance from the Daily Egg Production
Method, an aerial survey from Oregon to the
Canadian border, and an acoustic-trawl survey
that covers the entire U.S. West Coast. Length-
frequency data are available for the latter two
indices.

2. The operating model has been used to evaluate
six alternative stock assessment configurations
based on Stock Synthesis. Two of the assessment
configurations are based on the fleets-as-areas
approach and four of the assessment configurations
are based on variants of Stock Synthesis that allow
for spatial structure. The spatially structured
variants of Stock Synthesis outperform the simpler
approaches. Within the variants of Stock Synthesis,
estimating movement rates and local recruitment
led to the best performance.

— 101 —



JOINT INSTITUTE FOR THE STUDY OF THE ATMOSPHERE AND OCEAN
2014 — 2015 ANNUAL REPORT

3. The operating model is currently being used to
evaluate under what circumstances Stock Synthesis
will estimate a spurious trend in recruitment.

This work entails identifying a range of factors
that could lead to spurious trends in estimated
recruitment, developing scenarios based on those
factors, simulating data for each scenario, and
applying Stock Synthesis to each simulated data
set.
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SIMULATION STUDY TO IMPROVE FORECASTS OF
STOCK REBUILDING AND ESTIMATED PROBABILITY
OF EXCEEDING TARGET/LIMIT REFERENCE POINTS
IN THE PRESENCE OF AUTOCORRELATION AND
ENVIRONMENTALLY DRIVEN RECRUITMENT

Pl
André Punt - UW School of Aquatic and Fishery
Sciences

Other UW Personnel
Elizabeth Councill - School of Aquatic and Fishery
Sciences

Task 11l

NOAA Sponsor

James Thorson — Northwest Fisheries Science Center

NOAA Goals
Healthy Oceans
Resilient Coastal Communities and Economies

Description

Under federal law, managers who oversee overfished
stocks in the U.S. must have a plan that is likely

to succeed in rebuilding fish stocks within a fixed
time period. However, recent studies illustrate the
prevalence of regime shifts in recruitment (i.e.,

the production of juvenile fish), as is necessary for
rebuilding. Regime shifts will appear as autocorrelated
recruitment when interpreted using common
models. We will use simulation modelling within the
commonly used Stock Synthesis stock assessment
framework to explore and test new methods for
dealing with regime shifts and autocorrelated
recruitment in stock assessment. In particular, we
will simulate data resulting from several fish life
history types (i.e., fast vs. slow population growth)
and different plausible magnitudes of autocorrelated
recruitment (ranging from no autocorrelation to very
high levels). We will then fit Stock Synthesis to these
data and evaluate how well it performs on average
when estimating population dynamics in a period
after data are no longer available (i.e., the forecast
period).

Objectives

1. Develop and validate simulation modelling
code that can be used to explore the impact of
autocorrelated recruitment on projections of stock
rebuilding within stock assessment models.

2. Explore the impact of 1) varying levels of
autocorrelation in recruitment; 2) varying length
of projection time horizon; and 3) varying fish
life history traits on the accuracy and precision of
forecasts of stock rebuilding.

Accomplishments

1. Post-doctoral researcher Elizabeth Councill
was hired, and she is collaborating with NOAA
personnel James Thorson and Liz Brooks, and UW
personnel André Punt and Kelli Johnson on the
project.

2. A pre-existing software platform (the R package
ss3sim) has been identified as a way to generate
simulated data that includes the types of
overdispersion that are common in fisheries data.

3. Improvements have been made to ss3sim, including
fixes in its implementation of bias-correction
when estimating recruitment deviations. Analyses
have been conducted to validate that it and Stock
Synthesis can generate hundreds of simulation
replicates across several different simulation
scenarios within a time frame that is feasible for
model exploration.

4. It has been shown that Stock Synthesis can
generate approximately unbiased estimates of true
stock productivity and status, given data simulated
by ss3sim, when data are abundant.
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WEST COAST GROUNDFISH STOCK ASSESSMENT

Pl
André Punt - UW School of Aquatic and Fishery
Sciences

Other UW Personnel
Kotaro Ono and Kelli Johnson - School of Aquatic
and Fishery Sciences

Task 11l

NOAA Sponsor
Michelle McClure — Northwest Fisheries Science
Center

NOAA Goals
Healthy Oceans
Resilient Coastal Communities and Economies

Description

The purpose of this project is to conduct research
on the population dynamics and stock assessments
of groundfish species occurring off the coasts of
Washington, Oregon, and California (West Coast).

Objectives

1. Develop quantitative methods for the analysis
of the population dynamics of groundfish
species which could form the scientific basis for
evaluating the consequences of alternative fishery
management actions.

2. Collaborate with National Marine Fisheries Service
(NMES) scientists who are conducting quantitative
stock assessments of West Coast groundfish species
on the implementation of population dynamics
and stock assessment methods.

3. Build expertise among scientists conducting
management-related research for West Coast
groundfish in the application of state of the art
methods.

4. Provide support, training, and mentoring for
graduate students in the field of quantitative
fisheries science.

Accomplishments
1. André Punt developed an approach for using
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Extended Simple Stock Synthesis (XSSS) when the
analysts wish to place priors on both FMSY/M and
BMSY/B0. This work will facilitate comparisons
between XSSS and Extended Depletion-Based
Stock Reduction Analysis (XDB-SRA) for data
moderate stocks. This work was conducted in
collaboration with Jason Cope at Northwest
Fisheries Science Center (NWFSC), and was
presented at a UW/NWEFSC/Alaska Fisheries
Science Center (AFSC) Fisheries Think Tank.

. Punt led a group to develop best practices for

conducting Management Strategy Evaluations
(MSE:s). This paper was accepted in the journal
Fish and Fisheries, and was the basis for a keynote
address at the National Scientific and Statistical
Committee (SSC) Workshop.

. Punt led a group that conducted a review of

how growth is handled within size-structured
stock assessments. The resulting paper formed
the basis for a keynote address during the
November 2014 Center for the Advancement of
Population Assessment Methodology (CAPAM)
growth workshop organized by scientists from
the Scripps Institution of Oceanography, NOAA
Southwest Fisheries Science Center (SWFSC),
and the International American Tropical Tuna
Commission, and is currently in press at the
journal Fisheries Research.

. Punt conducted research on how to weight

conditional age-at-length data in integrated stock
assessments. This work was presented at a UW/
NWESC/AFSC Fisheries Think Tank, and will part
of research presented at the 2015 CAPAM Data
Weighting Workshop, and will later be submitted
to the journal Fisheries Research.

. Kelli Johnson and Kotaro Ono (UW PhD students)

worked on a collaborative project with other UW
School of Aquatic and Fishery Sciences (SAFS)
students to assess the performance of Stock
Synthesis when natural mortality varies with time,
growth is fixed at externally estimated values,
length- and age-composition data are binned in
different increments, empirical weight-at-age data
is modelled, and increasing amounts of age- and
length-composition data are available. Johnson



MARINE ECOSYSTEMS

presented the work on time-varying natural
mortality at the World Conference on Stock
Assessment Methods for Sustainable Fisheries in
Boston, Massachusetts in July 2013. Three papers
describing this work have since been published in
the ICES Journal of Marine Science, and three more
will be submitted to the journal Fisheries Research.
Johnson and Ono were co-authors of an R package
to facilitate simulation with Stock Synthesis, which
is currently available on the Comprehensive R
Archive Network (CRAN).

. Johnson is working on methods to improve the
estimation of trophic interactions for multi-species
stock assessments. Using simulations, she is testing
whether functional response parameters can be
estimated from abundance time-series to alleviate
the dependence of multi-species stock assessments
on diet data. Johnson is also working on methods
for data weighting in a multi-species stock
assessment framework developed by Doug Kinzey
(NOAA, SWFSC) and Punt. The framework allows
for uncertainty in the functional response using
both integrated analysis and model selection.
Additionally, Johnson is using spatially structured
state-space models and survey trawl data to assess
stock boundaries for the Pacific cod, one of the
species included in the multi-species model.

. Johnson is part of a group who is conducting
stock assessments for sablefish and petrale sole.
This group is being led by NOAA scientists Owen
Hamel and Melissa Haltuch (NWFSC) and will
lead to a report to the Pacific Fishery Management
Council in June 2015.

. Ono evaluated the performance of new statistical
methods to improve the accuracy of fishery catch
per unit effort (CPUE) standardization methods.
He specifically tested the effect of spatial closures
on the accuracy of the derived index of abundance,
and compared the performance of several
traditional approaches against a new method based
on imputation. He also developed a new objective
approach for defining spatial strata used in CPUE
analysis that improves the accuracy of abundance
indices. His simulations were based on a spatially-
explicit model that included vessel dynamics.

The work is in review with the Canadian Journal
of Fisheries and Aquatic Sciences and Fisheries
Research.

9. The series of regular (generally bi-weekly) UW/
NWESC/AFSC Fisheries Think Tanks continued
during the reporting period, coordinated by
Johnson. NMEFS scientists, UW faculty and
students participated in these workshops, the
purpose of which is to increase collaboration
among scientists working on West Coast
groundfish issues. A list of the Fisheries Think
Tanks that took place during the reporting period
is available online. Furthermore, efforts were
initiated during 2014-15 to include presentations
from researchers working outside of UW/
NWESC/AFSC, and increase the remote audience
participation.
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PARTNERSHIP WITH THE NORTHWEST FISHERIES
SCIENCE CENTER AND ALASKA FISHERIES SCIENCE
CENTER TO DEVELOP INCREASED CAPACITY IN THE
SCHOOL OF AQUATIC AND FISHERY SCIENCES TO
ENHANCE TEACHING AND RESEARCH

Pl
André E. Punt - UW School of Aquatic and Fishery
Sciences

Other UW Personnel

Trevor Branch, Christopher Anderson, and Cole
Monnahan - School of Aquatic and Fishery Sciences

Task 11l

NOAA Sponsor

Guy Fleischer — National Marine Fisheries Service/
Alaska Fisheries Science Center, RACE Division

Other NOAA Personnel

Steve Ignell and John Stein — Alaska Fisheries Science
Center

NOAA Goal
Healthy Oceans

Description

The purpose of this project is to create a partnership
with the Northwest Fisheries Science Center
(NWFSC) and the Alaska Fisheries Science Center
(AFSC) to develop an increased capacity in the UW
School of Aquatic and Fishery Sciences (SAFS) to
enhance teaching and research in stock assessment
and resource management.

Objectives
1. Faculty support - hire and support two tenure-
track faculty members at SAFS.

2. Graduate student support — identify, support, and
train graduate students in stock assessment and
resource economics for fisheries management.

Accomplishments
1. SAFS hired Trevor A. Branch as an assistant
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professor, tenure track as of September 16, 2010.
He ran the Bevan Series for three years inter alia to
increase collaboration between SAFS and NOAA.
He lectures courses in introductory and advanced
R programming, in preparing polished scientific
figures from data in R, and in fisheries population
dynamics. He is also preparing to teach a one-
week fisheries population dynamics course to the
Pacific Islands Fisheries Science Center in April
2015. Since being hired, Branch has published 34
scientific papers. Branch was awarded tenure in
2015.

. Branch is using money from this award to support

Cole Monnahan, a graduate student who is
registered in the QERM (Quantitative Ecology
and Resource Management) program. Monnahan
recently received his MS, and is now pursuing

a PhD under Branch. Monnahan received the
prestigious Sea Grant/NMFS population dynamics
PhD fellowship, which will supplement the NOAA
funds in this grant. His MS involved using a spatial
model to separate catches of eastern and western
North Pacific blue whales, and constructing and
fitting a Bayesian population model of northeast
Pacific blue whales. Two peer-reviewed papers
have been published in PLoS ONE and Marine
Mammal Science from this work. The latter paper
was featured in the New York Times, BBC World
TV, and other top news outlets, and received

more news attention than any paper previously
published in Marine Mammal Science. His MS
committee included Brett McClintock from
NOAA’s National Marine Mammal Laboratory.

In addition he has coauthored three additional
peer-reviewed papers (one with another of
Branch’s graduate students, Melissa Muradian),
involving simulation testing of the Stock Synthesis
stock assessment software developed by NWESC
scientists. Monnahan has also completed a summer
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project on methods to improve convergence time
in Bayesian stock assessments with scientists at the
NWESC that is one chapter of his PhD. In addition
to Monnahan and Muradian, Branch has three
other grant- or fellowship-supported graduate
students: Merrill Rudd, Peter Kuriyama, and John
Trochta. All are being trained in stock assessment
methods.

. SAFS hired Christopher M. Anderson as a tenured
Associate Professor of Fisheries Economics.
Anderson began employment January 1, 2012. He
teaches a Masters-level course in fishery economics
for students in SAFS and the School of Marine and
Environmental Affairs (SMEA); a PhD level-course
for students with extensive economics background
interested in frontier research in fisheries
economics as a part of their dissertation; and a
200-level introduction to economics for students
primarily interested in the environment and
resource use issues. Since being hired, Anderson
has published seven papers. Anderson serves on
the Scientific and Statistical Committee for the
North Pacific Fishery Management Council.

. Anderson has research programs focusing on
behavioral responses to catch share management,
assessing the economic performance of the harvest,
post-harvest and fishing community sectors of
fisheries around the world, and public willingness
to pay for ecosystem services. Anderson’s lab
includes: five dissertation-stage Economics PhD
students, one of whom has a NMFS Marine
Resource Economics Fellowship; two second-year
Economics PhD students, one of whom won a
National Science Foundation (NSF) Postgraduate
Fellowship; a first-year Masters SAFS student, and
a dissertation-stage co-advised QERM student.
His students have had significant experiences

in Bristol Bay, Alaska, and at The World Bank.
One Economics PhD student (Marie Guldin)

is on a long-term contract at the NWEFSC, and
one Economics PhD student (Allen Chen) is on

a short-term contract at the AFSC. Graduates
include Andrew Scheld (SAFS PhD), who started
as an Assistant Professor of Marine Resource
Economics at the Virginia Institute of Marine
Science (VIMS) at the College of William and
Mary in fall 2014, and Zhi Li (Economics PhD),
who will start as an Assistant Professor at Xiamen
University in Fall 2015.
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FORECAST EFFECTS OF OCEAN ACIDIFICATION ON
ABUNDANCE OF EASTERN BERING SEA TANNER CRAB
AND BRISTOL BAY RED KING CRAB

Pl
André Punt - UW School of Aquatic and Fishery
Sciences

Task Il

NOAA Sponsor

Michael Dalton — Alaska Fisheries Science Center

NOAA Goals
Healthy Oceans
Resilient Coastal Communities and Economies

Description

The increase in atmospheric CO2 concentrations,
caused primarily by fossil fuel emissions,
deforestation, and concrete production, has led to a
corresponding increase in the CO, concentrations in
the ocean. This increase is leading to changes in the
carbonate chemistry of the oceans and a decrease in
pH. As CO, levels continue to rise over the coming
decades, the pH in the ocean will fall even further.
This reduction in pH, and increase in pCO,, can have
substantial physiological effects on marine organisms,
affecting growth, survival, reproduction, and
behavior. Calcifying organisms may be particularly
affected, because the reduction in pH makes it more
difficult to excrete and sustain a calcified shell or
exoskeleton. There is already some evidence that
ocean acidification is likely to impact crabs. While
the focus of the impacts of ocean acidification has
been mainly on the biological effects, species such as
crabs support valuable fishery resources, and ocean
acidification may have major consequences for these
fisheries and how they are managed. To forecast
potential consequences of ocean acidification on the
future abundance of vulnerable and commercially
important North Pacific crab stocks, a work plan is
proposed to develop population dynamics models
and bio-economic models for eastern Bering Sea
(EBS) Tanner crab Chionoecetes bairdi. This work
plan builds on past and ongoing NOAA-supported
research in this area. In particular, model input

will be taken from physiological research for

these species that is being conducted at the Alaska
Fisheries Science Center (AFSC) to characterize their
susceptibility to ocean acidification.

Objectives

Several linked biological and bio-economic models

will be developed and used to evaluate harvest

strategies for EBS Tanner crab given plausible trends
in ocean pH and possible relationships between
changes in ocean pH and growth and mortality rates
for North Pacific crabs.

1. A model which relates pre-recruit mortality, and
the time to grow from one stage to another given
changes in ocean pH will be developed to forecast
how the proportion of EBS Tanner crab eggs which
lead to recruits (at 65 mm carapace width [CW])
will change over time.

2. A population dynamics model for adult EBS
Tanner crab will be developed. This model will
have two options, one in which EBS Tanner crab
constitute a single homogeneous biological stock
throughout its range, and another in which the
dynamics (e.g. growth, fecundity), differ east and
west of 166E.

3. The male-only model developed for EBS snow crab
will be updated based on the most recent data.

Accomplishments
1. The paper that arose from the earlier project on red
king crab has now been published.

2. Pre- and post-recruit models have been developed
for the EBS Tanner crab. The pre-recruit model
can allow for ocean acidification-related impacts
on hatching success, larval survival and survival of
benthic stage crab. This model extends the earlier
work on red king crab that only considered ocean
acidification effects on benthic stage crab.

3. The models for EBS Tanner crab have been
parameterized using experimental data from
Robert Foy (NOAA Kodiak Lab) evaluating the
impact of changes in pH on the survival of juvenile
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Tanner crab and monitoring data from the fishery
and the National Marine Fisheries Service survey
from William Stockhausen (NOAA, AFSC).

. The combined pre- and post-recruit models
have been projected forward to evaluate the
consequences of having different amounts of
experimental data. This work is being written
up for publication in a special issue of the ICES
Journal of Marine Science on ocean acidification.

. The work on EBS snow crab will be conducted
during 2015-16.
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AN EVALUATION OF MANAGEMENT STRATEGIES FOR
IMPLEMENTATION OF ANNUAL CATCH LIMITS FOR

ALASKA GROUNDFISH

Pl
André Punt - UW School of Aquatic and Fishery
Sciences

Other UW Personnel

Kotaro Ono - School of Aquatic and Fishery Sciences
Task I

NOAA Sponsor

Anne Hollowed - Alaska Fisheries Science Center
NOAA Goals

Healthy Oceans

Resilient Coastal Communities and Economies

Description

The National Marine Fisheries Service (NMFS)
National Standard 1 guidelines for implementing
the Magnuson-Stevens Fishery Conservation and
Management Act identified the need to formally
incorporate uncertainty into future harvest
projections. This project will review the impacts of
implementing management strategies that aim to
satisfy these guidelines for the eastern Bering Sea
Aleutian Islands (BSAI) and Gulf of Alaska (GOA)
groundfish fisheries. A multispecies technical
interaction model based on a linear programming
approach developed at the Alaska Fisheries Science
Center (AFSC) will be updated to reflect the
constraints resulting from recent amendments to
the North Pacific Fishery Management Council
(NPFMC) groundfish fishery management plans for
the GOA and BSAI. Methods will also be developed
to estimate uncertainty buffers for species or species
groups within these fisheries using the P* and
decision theoretic approaches, and these methods

will be linked into the multispecies interaction model.

Finally, alternative management strategies will be
evaluated and presented to the relevant management
bodies.

Objectives

Develop a multiple-species Management Strategy
Evaluation (MSE) by constructing an operating
model in FORTRAN and linking the operating
model to an Automatic Differentiation Model Builder
(ADMB) based assessment model and a technical
interactions model developed by NOAA. The
technical interactions model will include constraints
resulting from recent amendments to the NPFMC
groundfish fishery management plans for the GOA
and BSAL

Accomplishments

1. Ono is working on developing a multispecies MSE
that includes a technical interaction subroutine
(based on three major Alaska groundfish species).
The work will be presented at a UW-NOAA mini-
workshop in June 2015, and at American Fisheries
Society (AFS) in August 2015.

2. Ono is working together with Carey McGilliard
(NOAA scientist previously funded under this
project) to develop an MSE framework that can
both be used in research on the P* approach, as
well as multispecies technical interactions. Ono
and McGilliard are sharing code through Gitlab, an
open source repository that facilitates code sharing
and collaboration.

3. Ono is working on three collaborative projects
with graduate students from the School of Aquatic
and Fishery Sciences (SAFS), and NOAA and
the Center for the Advancement of Population
Assessment Methodology (CAPAM) staff to
evaluate: a) when growth parameters should
be estimated within or outside an integrated
assessment model; b) the effect of alternative
binning approaches for composition data in
integrated assessment model; and ¢) when to
use empirical weight-at-age instead of modeling
parametric growth in integrated assessment model.
All the work is based on an R package called ss3sim
which uses Stock Synthesis as both operating and
estimation model. Ono was an original developer
of the package. All three studies were presented
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at the CAPAM growth workshop in November
2014 in La Jolla, California and manuscripts are
in preparation for a special issue for the journal
Fisheries Research.

. Ono is working on a collaborative project with
Adrian Hordyk and Jeremy Prince to extend the
length-based spawning potential ratio (LB-SPR)
methodology developed during 2014 (Ono was

a co-author on two papers on LB-SPR published
in the ICES Journal of Marine Science). Ono was
also invited to a workshop on LB-SPR held on
March 2-3, 2015 in Vancouver, BC. Papers are in
preparation for submission to the ICES Journal of
Marine Science.

. Ono worked on a collaborative project with NOAA
employees to develop spatio-temporal species
distribution models to identify temporally evolving
hotspots of species co-occurrence. The paper was
published in Ecological Applications.
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SABLEFISH REPRODUCTIVE LIFE HISTORY AND

GENETICS

Pl
Steven Roberts - UW School of Aquatic and Fishery
Sciences

Other UW Personnel

Andy Jasonowicz, Doug Immerman, Crystal
Simchick, and Jon Dickey - School of Aquatic and
Fishery Sciences

Task Il

NOAA Sponsor

Rick Goetz — Northwest Fisheries Science Center

Other NOAA Personnel

Walt Dickhoft, Jose Guzman, Adam Luckenbach,
Krista Nichols, and Penny Swanson — Northwest
Fisheries Science Center

NOAA Goal
Healthy Oceans

Description

Sablefish (Anopoploma fimbria) are an important
commercial fishery in the North Pacific and currently
are the highest valued finfish (per pound) in the
Alaska fishery. However, information on their
reproductive life history is very limited. While it

is generally known that sablefish reproduce in the
winter and early spring, the precise timing and
duration of reproduction in a given population,

and the relationship of timing to latitude, are still
unknown. This study aims to assess the reproduction
of sablefish populations at two sites in the Pacific
(California and Washington) throughout the year by
measuring gonadosomatic indices (GSI), assessing
gonadal stage by histology and by measuring the
levels of reproductive hormones. This is being done
on samples collected from sablefish taken monthly
throughout the year.

While it is believed that different stocks of sablefish
exist in the Pacific, the number and arrangement of
those stocks is still unclear. Further, comprehensive
genetic analyses of sablefish populations across the

Pacific have not been conducted. A second part of this
study is directed at developing SNP (single nucleotide
polymorphism) markers by RAD (restriction site
associated DNA) sequencing from samples taken
across the entire range of sablefish from California

to Alaska and across to the Aleutian Islands and the
Bering Sea. SNPs will be used to evaluate population
structure using standard population genetic methods
and for the evaluation of specific genes that may be
under selection. A linkage map will be produced so
that SNPs can be more fully evaluated and genome
sequencing will be conducted to provide a framework
for 1) gene expression studies through the annotation
of transcriptomes; 2) association and population
genetic studies to examine extant genetic diversity

in natural populations of sablefish and identify
candidate genome regions under selection; and 3) the
development of future genome-wide SNP panels for
pedigree tracking, as well as genomic prediction.

Objectives

1. The portion of the reproductive life history study
that is included in the grant is the analysis of the
tissue samples that are being collected in the field.
Specifically, blood will be extracted and analyzed
for estradiol (females) and 11-ketotestosterone
(males); gonad tissue will be fixed and processed
for histology and slides containing sections will
be viewed under a compound microscope and
stages of oogenesis and spermatogenesis described;
fecundity will be analyzed in the ovaries of females
sampled at the peak of oogenesis. Once collected,
data will be analyzed by ANOVA (analysis of
variance) against sampling site and time.

2. Resources (temperature controlled freezing
system, liquid nitrogen storage containers, and
computer aided analysis system [CASA]) will be
acquired and used to establish conditions for the
cryopreservation of sablefish sperm.

3. RAD-tag sequencing will be used to generate SNPs
from sablefish samples to be taken on NOAA
surveys. SNPs will be analyzed to evaluate the
genetic relationship of sablefish across their range,
and to identify possible SNPs under selection

— 112 —



MARINE ECOSYSTEMS

(showing unusually high or low patterns of
diversity) in these populations.

4. A genetic linkage map for sablefish will be
produced that provides a framework for detecting
signatures of adaptive differences in natural
populations of sablefish, and for the sablefish
genome sequence that we will obtain under
Objective 5.

5. A genome sequence for sablefish will be produced,
which will be used in the identification and
annotation of genes important in many life history
traits including development, reproduction,
growth, environmental tolerance, as well as for the
development of tools for genomic prediction.

Accomplishments

1. The reproductive life history study was initiated
in August 2012, and sampling of sablefish oft the
Washington and California coasts was conducted
on a monthly basis and was complete in Fall 2013.
All meristic data (length, weight, sex, GSI, HSI)
have been collected. Histological slides of the
gonads and blood steroid levels for the Washington
samples are now complete and slides are currently
being processed for the California samples.
Otoliths for both the Washington and California
samples are being aged. Samples were taken for the
analysis of fecundity and methods for assessing
fecundity are being developed. Blood samples were
analyzed for androgenic (males) and estrogenic
(females) steroids, and are now correlated with the
monthly GSI data. All samples from Washington
have been aged, and California samples are
currently being aged.

2. Using a Crysalys PTC-9500 user-programmable
controlled-rate freezing system and CASA system
(microscope, video camera, and computer) to
quantify changes in sperm motility, experiments
were conducted to determine the optimal
conditions for storing and activating sablefish
sperm. Sperm were activated with ionic (NaCl,
KCI, MgSO, and CaCl,) and non-ionic (urea
and glucose) solutions of varying osmolalities.
KCl and NaCl activated sperm at the lowest
osmolalities, followed by MgSO  urea, glucose,
and CaClz. Compared to NaCl and KCl, non-
ionic solutions required higher osmolalities for
activation. The results indicate that the primary
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stimulus for sablefish sperm activation is increased
osmolality and not the presence/absence of a
specific ion. The effects of several cryoprotectants
including dimethyl sulfoxide, propylene glycol
and glycerol at two concentrations (5% and

10%) and three freezing rates (-2.5, -5 and -7.5
°C/min) were tested on the cryopreservation of
sperm. There were differences observed in the
motility maintained following freezing between

all cryoprotectants, but the highest motility after
freezing was observed with 10% dimethyl sulfoxide
at all freezing rates. The objectives for this part

of the project are now complete, and a paper (see
below) was published on this objective.

. Samples were collected in the summer of 2012

by various NOAA surveys conducted in Alaska
and off the West Coast of the United States. The
Alaska Fisheries Science Center’s (AFSC’s) Marine
Ecology and Stock Assessment division collected
1,922 fin clips and otoliths during their annual
sablefish longline survey in the Gulf of Alaska.
The Resource Assessment and Conservation
Engineering Division of the AFSC collected

140 samples during their groundfish bottom
trawl survey of the Bering Sea slope and 580
finclip and otolith samples were obtained from
the Fishery Resource and Monitoring Division’s
West Coast Groundfish survey to represent

the southern sablefish stock. RAD sequencing
libraries have now been made and sequenced by
the Illumina HiSeq for 441 individuals selected
from the three surveys. From these sequences,

a total of 2,661 SNPs in 404 individuals were
obtained and analyzed using individual based
methods to investigate population structure

and landscape genomics to examine adaptive
variation in the sablefish genome by testing for
associations between environmental conditions
and SNP genotypes. Low and insignificant levels
of population differentiation among survey areas
were observed and the individual based methods
support a single genetic cluster of sablefish across
their North American range. The results are
suggestive of high rates of gene flow or movement
of sablefish in the northeast Pacific Ocean. The
landscape genomic analyses found two SNPs to
be associated with depth. This objective is now
complete, and resulted so far in the publication of
a Master’s thesis by Andy Jasonowicz (see below).
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4. Single pair crosses (one male: one female) have
been made for a number of sablefish families,
five of which were also used in an experiment in
which sablefish larvae were reared at three different
temperatures. From the analysis of the family
representation in that experiment, we know that
the effects of temperature have some genetic basis.
Individuals from one temperature treatment (15°C)
composed of equal numbers from the five families
were reared in an experiment to investigate sexual
dimorphic growth differences. RADseq libraries
are currently being produced for 450 individuals
selected equally across the five families from this
experiment. They will be sequenced to obtain
SNPs that will be analyzed for changes in SNP
frequencies between families and sex in relation to
growth.

5. DNA has been isolated from a sablefish, previously
sequenced by collaborators in Canada (Rondeau
et al., 2013. Genomics of sablefish [Anoplopoma
fimbria]: expressed genes, mitochondrial
phylogeny, linkage map and identification of a
putative sex gene. BMC Genomics 14:452), and
will be sequenced further by Lucigen using NxSeq®
Technology to obtain more genomic sequences
that will be combined with existing sequences

to produce a complete genome assembly for the
sablefish.

— 114 —


http://lucigen.com/NextGen-Seq/

MARINE ECOSYSTEMS

ECOHAB-MODELING FAVORABLE HABITAT AREAS
FOR ALEXANDRIUM CATENELLA IN PUGET SOUND AND
EVALUATING THE EFFECTS OF CLIMATE CHANGE

Pl
Eric P. Salathé Jr., - UW Bothell School of STEM

Other UW Personnel

Neil Banas - Joint Institute for the Study of the
Atmosphere and Ocean

Cheryl Greengrove and Julie Masura - UW Tacoma

Task Il

NOAA Sponsor
Quay Dortch - ECOHAB Program

Other NOAA Personnel

Stephanie Moore, Brian Bill, and Vera Trainer -
Northwest Fisheries Science Center

Nathan Mantua — Southwest Fisheries Science Center

NOAA Goal
Climate Adaptation and Mitigation

Description

The dinoflagellate Alexandrium catenella produces

a suite of potent neurotoxins that accumulate

in shellfish and cause severe illness or death if
contaminated shellfish are consumed by humans.
Alexandrium catenella form dormant cysts that
overwinter on the seafloor and provide the inoculum
for toxic blooms the following summer when
conditions become favorable again for growth of the
motile cell. In order to provide advanced warning

of A. catenella blooms, managers need to know how
much “seed” is available to initiate blooms, where this
seed is located, and when and where this seed could
germinate and grow. Evaluating how favorable habitat
areas for cyst germination and vegetative growth will
be altered by climate change would allow for risk
assessments of A. catenella blooms through the late
21st century.

Objectives

The six objectives of this project are to:

1. Determine interannual variations in A. catenella
cyst distribution in Puget Sound.

2. Quantify rates of cyst germination and vegetative
growth for a range of temperature, salinity, and
light conditions.

3. Determine the presence/absence of an endogenous
clock that regulates cyst germination.

4. Model favorable habitat areas for cyst germination
and vegetative growth.

5. Evaluate climate change impacts on favorable
habitat areas.

6. Establish a time series with sufficient depth to
provide seasonal forecasts of toxic blooms.

Accomplishments

Alexandrium blooms in Puget Sound, Washington
have increased in frequency, magnitude, and
geographic scope (Trainer et al., 2003), coincident
with a worldwide trend (Hallegraeft, 1993; Van
Dolah, 2000). Increasingly, evidence is emerging

to suggest that climate change has contributed to
this observed global increase. Therefore, one might
reasonably expect the problem of Alexandrium
blooms in Puget Sound to worsen, threatening the
$107 million Washington State shellfish industry
(PCSGA, 2009 numbers), which is by far the

largest in the country. This project provided critical
information on the climate-sensitive environmental
controls on the benthic and planktonic life stages
of Alexandrium, and provided for the first time a
mechanistic understanding of climate change impacts
on bloom potential.

For the first time, interannual variability in the
distribution and abundance of Alexandrium cysts was
determined for Puget Sound. Prior to this study, only
one cyst survey had been conducted in Puget Sound
in 2005. A new seedbed area in Bellingham Bay was
identified in this study that was not detected in 2005.
From 2011-2013, the pattern of cyst abundances
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Figure 1. Climate pathways identified by this study to influence Alexandrium growth in Puget
Sound. # Indicates a hypothesized pathway based on general principles of phytoplankton

ecology.

and the locations of “seed beds” remained similar;
however, the concentrations of cysts generally
decreased over time. Following an unprecedented
bloom of Alexandrium in Dabob and Quilcene Bays
in 2014, a 10-fold increase in cyst abundances at those
sites was detected in 2015. These cyst maps were used
by managers to plan their monitoring efforts in space
and time.

This project contributed greatly to our understanding
of the nature of seasonal patterns of excystment for
Puget Sound Alexandrium and the mechanisms
responsible (i.e., endogenous clock). The effects of
temperature and light on rates of excystment, as

well as the effects of temperature and salinity on

the rates of vegetative growth were determined for
Puget Sound Alexandrium. This information will
contribute to the development of a predictive capacity
for Alexandrium blooms in Puget Sound by allowing
managers to relate real-time oceanographic data to
bloom risk and by informing the parameterization of
coupled physical-biological models.

A mechanistic modeling approach allowed us
to evaluate the effects of various climate change

pathways on the potential
for Alexandrium blooms in
Puget Sound. Experimentally-
derived growth responses to
environmental conditions
generated by this project were
combined with downscaled
simulations of the regional
climate and Salish Sea hydrology
to project future changes in the
timing, duration, and extent of
blooms. This was the first time
that the model of Salish Sea
hydrology was coupled to high-
resolution climate projections.
Results show that future warmer
sea surface temperatures in
Puget Sound from increased
local atmospheric heating clearly
increase the maximum growth
rates that can be attained by
Alexandrium during the bloom
season, as well as the number
of days with conditions that are
favorable for bloom development.

This could lead to 30 more days a year with bloom-
favorable conditions by 2050. In contrast, changes in
surface salinity arising from changes in the timing
of riverflow have a negligible effect on Alexandrium
growth rates, and the behavior of the coastal inputs
in the simulations suggest that changes in local
upwelling will not have major effects on sea surface
temperature or salinity or Alexandrium growth rates
in Puget Sound. By understanding these climate
pathways, managers can better prepare for the effects
of climate change. (Figure 1).

The three years of cyst maps generated from this
project will help to establish a time series with
sufficient depth to begin investigating the potential
for cyst abundances to provide seasonal forecasts of
blooms the following season. However, three years is
not long enough to confidently determine whether
any such relationship exists. Instead, we developed
particle tracking for the model of Salish Sea
hydrology that allowed us to consider oceanographic
transport pathways between cyst seed beds and
shellfish beds. Initial simulations indicate that cells
that originated from the Quartermaster Harbor seed
bed could be transported throughout all of Puget
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Cruising Puget Sound For Toxic Algae Hot Spots

ASHLEY AHEARN

The ECOHAB team heads
out on the hunt for
toxic slgae

Figure 2. Still shots from the online slide show for the KUOW story and the King 5 News story.

Sound’s basins except for Hood Canal in 20 days,
whereas cells that originated from the Bellingham Bay
seed bed could reach the beaches on Washington’s
coast 14 days after excystment.

Opverall the project was highly successful, generating
important scientific papers and delivering
information to stakeholders to inform monitoring
and management of Alexandrium blooms in Puget
Sound.

Media Coverage

Glenn Farley from King 5 news and Ashley Ahearn

from KUOW joined the PS-AHAB science crew

aboard the R/V Barnes during the 2012 Alexandrium

cyst survey (Figure 2). The stories can be accessed

using the following links:

+ King 5 - “Hunt is on for deadly neurotoxin that
can contaminate shellfish” Glenn Farley.

o« KUOW - “Cruising Puget Sound for Toxic Algae
Hotspots” Ashley Ahearn.

Eyes over Puget Sound. Washington State
Department of Ecology’s Monthly Eyes Over Puget
Sound Report. This report is sent to approximately
500 stakeholders.
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CHUKCHI PLATEAU PASSIVE ACOUSTIC DATA ANALYSIS

Pl
Kathleen M. Stafford - UW Applied Physics
Laboratory

Task 11l

NOAA Sponsor
Catherine Berchok — National Marine Mammal
Laboratory

NOAA Goals

Resilient Coastal Communities and Economies
Healthy Oceans

Description

As part of a larger Minerals Management-funded
study on the feeding behavior of bowhead whales

in the vicinity of Barrow, Alaska beginning in 2007,
an acoustic recording component was incorporated
with other sampling regimes undertaken by the
National Marine Mammal Laboratory (NMML), the
University of Alaska at Fairbanks, and the Woods
Hole Oceanographic Institution.

Passive acoustic detection and tracking is a proven
tool for assessment of large whales in Alaskan seas.
This may be the best method to effectively monitor
seasonal occurrence over large spatial and temporal
scales. Specifically, acoustic detection has proven a
key addition to the census of bowhead whales during
their spring migration past Barrow, and in relation to
oil and gas development activities offshore of Prudhoe
Bay. In 2008, NOAA ST7 (Marine Ecosystems) and
NMML capitalized on an opportunity to join three
International Polar Year (IPY) projects by inclusion of
a passive acoustic recorder on existing oceanographic
moorings in the High Arctic, capable of year-long
sub-sampled recordings of whale and ice seal calls.

In addition to recorders deployed biennially on two
moorings in the Fram Strait, we have deployed a
recorder at a mooring site on the Chukchi Plateau
since 2008. In addition to these three mooring sites,
NMML, with funding from the Bureau of Ocean
Energy Management (BOEM)/Alaska Region, has
been deploying passive acoustic recorder moorings
in the Alaskan Beaufort and Bering Seas since 2007,
and in the Alaskan Chukchi Sea since 2010. Since

2009, Stafford’s National Oceanographic Partnership
Program (NOPP)/National Science Foundation

(NSF) funded projects have deployed additional
recorders in the Alaskan Beaufort Sea. Comparisons
among mooring sites have proven invaluable to

our understanding of marine mammal seasonal
occurrence, calling behavior, and movements in
relation to regional oceanography in the High Arctic.
Year-round deployment will provide previously
unattainable assessment of the seasonal occurrence of
bowhead whales and other marine mammals in the
study area. The continuation of this project focuses on
the Chukchi Plateau and Barrow-vicinity moorings.

Objectives

1. Analyze passive acoustic data from the Chukchi
Plateau from 2013-14 for species occurrence and
ambient noise levels.

2. Provide a report to Catherine Berchok with
analysis of all data from 2008-2012, 2013-14
with seasonal occurrence of bowhead and beluga
whales and bearded seals and anthropogenic noise
sources.

3. Use data (possibly in conjunction with other
sources) to produce a manuscript for peer-review
publication.

4. Participate in outreach and communication with
other scientists, managers, and members of the
North Slope Borough community to keep them
updated on project progress and results.

Milestone: Presenting material in scheduled meetings
and through routine reports as requested.

Accomplishments

1. Provided detections to Catherine Berchok for
a report to the funding agency for data from
2008-12. Data for 2013-14 were received in late
December 2014, and have just been analyzed (plots
included below).

2. Visited Barrow in April 2014, and interacted with
hunters out on the ice. This entailed bringing a
dipping hydrophone out on the ice so local hunters
could listen to the ocean.
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Figure 2. Detections in hours/day by year of beluga whale signals

3. Presently collaborating with Humfrey Melling of
the Department of Fisheries and Oceans Canada,
Sue Moore of NOAA Science and Technology, and
Berchok to write a manuscript on the Chukchi
Plateau data.

A hydrophone was deployed on the Arctic Ice
Monitoring site at 73.9 N, 167.7 W beginning in
2008. The mooring has been turned around annually
(except for 2012-2013 when heavy ice precluded
reaching the mooring site), and a passive acoustic
recorder was deployed on the mooring annually. The
instrument recorded nearly year-round in 2008-09,
2011-12 (10 months) and 2013-14, but due to battery
issues, in 2009-10 and 2010-11 it recorded only 6
months (late October to early April).

In all years, bowhead and beluga whales were heard
in the fall months prior to seasonal sea ice formation.
These species were also recorded extensively in late
spring through summer during the three years with
more than 6 months of recordings: 2009, 2012 and
2014 (Figures 1 and 2). Beluga whales were primarily
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Figure 3. Detections in hours/day by year of bearded seal signals
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Figure 4. Detections in hours/day by year of airgun signals

recorded in May and June, while bowhead whales
were recorded from mid-May until early September.
In 2014, bowhead whales were heard later in the
year than in 2009 and 2012 while beluga whales were
heard earlier.

Bearded seals were only recorded in the spring
months, with many fewer heard in spring 2014.
In fall 2009, 2011, 2013, and 2014, seismic airgun
pulses were often recorded 24 hours a day in this
region, occasionally from more than one seismic
survey.
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PARTICIPATION IN BERING STRAIT MOORING
DEPLOYMENT ANADYR, RUSSIA - JULY 2014

Pl
Kathleen M. Stafford - UW Applied Physics
Laboratory

Task 11l

NOAA Sponsor
Kathleen Crane - NOAA Arctic Program

NOAA Goals

Resilient Coastal Communities and Economies
Healthy Oceans

Description

As part of the Russian-U.S. Long Term Census of the
Arctic (RUSALCA) program, an acoustic recording
component was incorporated into oceanographic
moorings in the Bering Strait region.

The purpose of this project is to analyze passive
acoustic data from four years and two locations in the
Bering Strait/Chukchi Sea for the presence of marine
mammal and anthropogenic sounds, process data to
provide products for a central database, and integrate
these data with physical oceanographic parameters
from moorings and satellite-derived variables.
Additionally, instrument programming and mooring
support will be provided to deploy a hydrophone on
the Russian side of the Bering Strait.

Major Activities

Passive acoustic data analysis — Spectrograms of

the acoustic data from two locations collected over
four years will be used to 1) Document the inter-
seasonal and inter-annual presence of vocal marine
mammals in the Bering Strait, thereby permitting the
integration of oceanographic drivers with acoustic
detections to better understand how the physical
environment influences the biological inhabitants of
that environment; 2) Compare acoustic detections in
the northern and southern Bering Strait; 3) Integrate
detections with data from the Bering and Beaufort
Seas to provide pan-Arctic “whale flux” into and

out of the Arctic; 4) Document the “invasion” of the
Arctic by temperate species including humpback,

fin, killer and minke whales; and 5) Provide data
on ambient noise levels in the Bering Strait prior

to the broad-scale use of the Northwest Passage by
commercial shipping interests. This analysis will
result in at least one manuscript to be submitted for
peer review.

Objectives

1. Determine marine mammal “fluxes” through the
Bering Strait using passive acoustic monitoring.
Milestone: Integrate oceanographic data when
available with passive acoustic detections;
determine temporal differences in call type usage.

2. Provide data to the Alaska Ocean Observing
System. Milestone: Make data available to the
general public.

3. Program a hydrophone package for and participate
in cruise to deploy a mooring in the Russian
Bering Strait.

4. Determine number of ship passages through
Bering Strait in fall months using passive acoustic
data.

Accomplishments

1. Examined data from one mooring over four years
(2009-2012) for marine mammal occurrence and
presented these results as an invited speaker at the
2015 Polar Sciences Gordon Research Conference.

2. Peer-reviewed manuscript incorporating acoustic
data submitted to a special issue of Oceanography:
Woodgate RA, Stafford KM, Prahl, FG. Submitted.
A Synthesis of Year-round Interdisciplinary
Mooring Measurements in the Bering Strait
(1990-2014) and the RUSALCA years (2004-
2011). Oceanography. Figure 1 showing whale call
detections by year and species. A pre-print of this
manuscript is available online.

3. Acoustic data have been provided to Axiom to
upload to the Alaska Ocean Observing System
and ACADIS websites. Data from 2013-14 are still
being quality-controlled but will be submitted as
soon as this is done.
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Figure 1. Hours per day with acoustic detections of humpback (blue bars), fin (red bars), killer (green bars) and bowhead
(black bars) whales at mooring A3 in the Bering Strait from September through December for year 2009 to 2012 (no data
were available for September 2011). Temperature-salinity data for each year are shown in the right hand column with
values for September and October of each year shown as blue (cold years) or red (warm years) dots.

4. Participated in a mooring cruise in July 2014 to
deploy a mooring in the Russian side of Bering
Strait. Trained Russian colleagues how to program
and redeploy the instrument.

5. An APL/UW funded post-doctoral researcher
was hired to examine shipping and anthropogenic
noise in the Bering Strait region.
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MONITORING THE CAUSES OF HIGH PREGNANCY
FAILURE RATES IN THE SOUTHERN RESIDENT KILLER
WHALES

PI

Samuel Wasser - UW Center for Conservation to bio-accumulation of toxicants up the food chain;

Biology and disturbance from proximity and noise associated
with whale watch boats.

Other UW Personnel

Jessica Lundin and Elizabeth Seely - Center for Sampling was conducted from June 1 to October

Conservation Biology 20, 2014 in the Salish Sea, concentrating in the Haro
Strait, the Strait of Georgia, and the eastern portion of

Task Il1 the Strait of Juan de Fuca.

NOAA S ponsor We located a total of 60 southern resident killer

whales’ (SRKW¥’) fecal samples, 56 of which were
collected in U.S. waters (see Figure 1) during
approximately 100 hours of active sampling in the
presence of the whales (see Figure 2). Our goal was to
acquire samples from all whales (current population
during survey was 78 animals). However, special
emphasis was placed on sampling reproductive age

Brad Hanson — Northwest Fisheries Science Center

Other NOAA Personnel
Linda Park, Lynne Barre, and Gina Ylitalo -
Northwest Fisheries Science Center

Non-UW/Non-NOAA Personnel females during the 2014 field season. Throughout

Deborah Giles — Marine Biologist the sampling period, we made every effort to follow
different groups on different sampling days.

NOAA Goals

Healthy Oceans Non-invasive Survey Technique - SRKW fecal
samples are collected from a boat using highly trained

Description scat detection dogs to locate fresh killer whale scat

The Southern Resident killer whale (SRKW [Orcinus floating on the water’s surface. The remarkable

orca)) population is important to the ecology, olfactory ability of these highly reward-driven

culture, and economy of the
Pacific Northwest. The SRKW
experienced an unexplained 20% :
decline in their population census - B ——
in the late 1990s from which they R s ‘
have been unable to recover. The
purpose of this study is to use
noninvasive physiological and
genetic measures to partition

the relative impacts of the three
major threats implicated in the
ESA listing of the SRKW in
2005: precipitous declines in
Chinook salmon (Oncorhynchus
tshawytscha), their preferred
prey; excessive exposures to
environmental contaminants due
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Conservation Canines
(CK9) enables us to collect
large sample sizes from
over a quarter mile away
from the whales. Previous
work by our Center focused
on measuring hormone
levels in these samples

to evaluate the effects

of decreased prey and
increased boat traffic on the
health of the whales (Ayres
etal. 2012). The present
study extends this work

to include the validation
and application of reliable
hormone-based pregnancy
indicators (Wasser et al in
review) and measurement
of toxicants excreted in
whale scat (Lundin et al in review).

The crew uses a range finder with a 750 m range to
maintain a 200 m distance from the whales whenever
possible. The rare occasions when the team was
unable to move out of the path of the whales were
recorded in the take section under our NOAA permit
(n=13). Only one close approach was associated with
a change in whale behavior, a single tail slap from an
individual whale. Changes of behaviors were defined
as changes in overall behavior states such as travel,
rest, forage, and/or surface active behaviors.

Sample Collection — Samples are scooped oft

the water surface using 1-liter wide-mouthed
polypropylene beakers and transferred to 50-

mL polypropylene graduated tubes. All samples

are centrifuged and decanted immediately upon
collection. The sample pellet is stored on dry-ice to
minimize any potential post-excretion metabolism by
fecal bacteria. At the end of each day, all samples are
placed in a -20° C freezer.

DNA Collection Protocol - A portion of each

SRKW sample is separated into a labeled 5-mL
polypropylene tube for DNA-based sex determination
and individual identification. DNA analyses on the
SRKW samples are conducted at the Northwest
Fisheries Science Center, NOAA, in Seattle.
Individual identification is based on analyses of ~90

single nucleotide polymorphisms (SNPs) while sex
determination is based on the SRY/ZFX markers.
Samples that do not yield killer whale DNA are
excluded from any further analyses.

Hormone and toxicant analyses — All samples > 0.5

g in mass are analyzed for glucocorticoid, thyroid,
aldosterone, progesterone and testosterone hormone
metabolites using radioimmunoassay methods
described by Wasser et al. (2000, 2010). Samples > 15
ml of feces are also examined PCB, PBDE and DDT
congeners using methods described by Lundin et al
(in review).

All samples collected during 2014 are currently
undergoing laboratory analyses.

Objectives

1. Understand the cumulative impacts of nutritional
stress and toxicants on pregnancy success in the
SRKW.

2. Use these results to build an outreach program
aimed at First Nation communities that rely
heavily on salmon for their sustenance in the Puget
Sound region.

Accomplishments
Lab Validations - We developed and validated
tools to measure glucocorticoid (GC), thyroid (T3),
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progesterone (P4), and testosterone (T) hormones
from killer whale feces. GC levels increase with
psychological and nutritional stress. T3 appears

to both increase and decrease in response to
nutritional stress. Initially, T3 increases with cortisol,
increasing metabolism to provide energy to find
food. However, if food stress persists, T3 appears to
decline, preventing the body from quickly using up
all its remaining reserves. P4 and T allow pregnancy
confirmation as well as measures of miscarriage from
longitudinally collected samples. We also validated
measures of PCB, PBDE and DDT congeners in scat
by comparing levels to those in tissue samples from
the same individual.

The reduced prey availability hypothesis predicts a
rise in physiological indices of nutritional stress (i.e.,
elevated GC and T3, followed by a rapid decline in
T3 if food stress persists) when prey availability is
low. It also predicts that pregnant females in poor

Pﬁd n B 11 5 n
Fraser River Chinook |CPLUE)

Figure 1. Pregnancy and miscarmizge indices using [A) progesterone {P4) across gestation in confirmed births and {B) P4 and
testosterone relative to all reproductive dasses.

Figure 2. Nutritional impsacts on SRKW based on [A) thyroid hormone concentrations [T3) by Julian date across years, [B)
glucocorticoids {GCs) by Julian date across years and pods, and [C) T3 by Julian date for successful pregnancies versus early and

Figure 3. Toxicants in SRKW scats [A) relative to blubber for PCB congeners, [B] relative to blubber for PEDE congeners, (C) for
DDE relative to total PCBs by pod, (D) for persistent PCBs relative to fish abundance [catch per unit effort, CPUE) across
reproductive classes, and (E) for persistent vs readily metsbolized PCBs relative reproductive condition of adults females.

nutritional condition are more likely to miscarry their
pregnancies (Figure 2).

The toxicant exposure hypothesis predicts that
toxicants in circulation are reflected by their excretion
in scat. Since the persistent organic pollutants (POPs)
of concern are highly lipophilic, this hypothesis also
predicts that such increases in toxicant exposure will
be greatest at times of reduced prey availability due to
rapid mobilization of adipose tissue. These increases
should, in turn, be associated with endocrine
disruption reflected by a disproportionate reduction
in T3 and a decline in reproductive success.

Potential Pregnancies — We validated pregnancy
measures using fecal P4 and T hormone metabolites
in the SRKW, and used this to estimate pregnancy
success and failure. Figure 1 shows that pregnancy
can be confirmed by fecal metabolites of P4 above
2000 ng/g and T above 100 ng/g within 12 months
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of parturition in genotyped females. The one sample
collected on a confirmed pregnant female in her first
trimester had P4 levels below the 2000 ng/g threshold.
Pregnancy was confirmed in all of these cases by
subsequent observation of a newborn prior to the end
of their 17-18 month gestation, with stage of gestation
determined for each sample by backdating from the
calf’s estimated birth date.

Ten genotyped females were characterized as having
14 apparent miscarriages between 2007-2013, based
on significantly elevated P4 concentrations above
2000 ng/g that were not followed by a live birth.
These females quantitatively separated into two
distinct groups: one with testosterone concentrations
above 100 ng/g feces (high T) (seven females,

seven apparent miscarriages) and the other with
testosterone concentrations below 50ng/g feces (low
T) (three females, seven apparent miscarriages). We
respectively refer to these apparent miscarriages as
high T and low T miscarriages. The seven high T
miscarriages out of 14 possible pregnancies (50%)
likely occurred mid to late gestation, based on

their relatively high P4 concentrations. Although
miscarriages are common among female mammals,
most tend to occur in the early stages of pregnancy
when they are less costly (Wasser and Barash 1983).
The number of presumed late miscarriages in the
SRKWs is thus particularly alarming owing to

their considerable reproductive cost to the female.
Indeed, autopsy of the most recent adult female that

died in this population (]32)
suggested that the female

died as a result of infection
from an incomplete abortion.
Please note that the data from
2014 field season is still being
analyzed and therefore does not
include the three new babies;
J51, J52 and L121.

To our knowledge, no other
method is available to acquire
such information and partition
these pressures to address
cumulative effects to this
system. We are now using
predictive models to help
elucidate the primary risk
factors to this population, and
evaluate interactions between these effects. Endocrine
results suggest that the High T “Pg” females had
significantly poorer nutrition (significantly higher GC
and lower T3) than did either confirmed pregnant or
Low T “Pg” females in our population.

We also examined toxin levels in these females. Our
sample size of miscarrying females was limited to
just two individuals due to the relatively large volume
of sample that is required to accurately measure
toxicants in feces. However, both of those samples
had significantly higher levels of PCB congeners
compared to those from confirmed pregnant females
(Lundin et al in prep). Since the toxicant work using
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Figure 4. 2014 US killer whale fecal samples collected by Moja
from June1- October 22.
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all available samples showed that toxicants were
highest in feces when prey abundance was lowest
(Lundin et al in review), it is possible that these
miscarriages resulted from cumulative impacts

of excessive toxicant exposure during times of
nutritional stress. Continued longitudinal sampling
should eventually allow us to temporally relate

the physiologic measures reflecting, for example,
variation in salmon abundance, toxicant levels and
boat traffic to endpoint measures such as annual
mortality and successful birth outcomes (Figure 3).

Public Availability of Product/Publications:

We have a strong publication record in top peer-
reviewed journals. This includes a manuscript
multi-species validations of GC and T3 hormone
measures (Wasser et al. 2000, 2010), a publication
from this study describing hormone measures in
killer whales (Ayres et al. 2012), and two SRKW
papers in review and two near submission. We

give regular presentations to community, special
interest, regulatory, and academic audiences, and the
media frequently highlights our work. The Center’s
Facebook page has over 5,000 members and is
updated regularly with photos, videos, and blogs of
our research and conservation efforts.
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A TIME-SERIES INTERDISCIPLINARY SYNTHESIS FOR

BERING STRAIT FLUXES

Pl
Rebecca Woodgate - UW Applied Physics
Laboratory

Other UW personnel
Kathleen Stafford — Applied Physics Laboratory

Task 11l

NOAA Sponsor
Kathleen Crane - Arctic Research Office

Non-NOAA/Non-UW Personnel
Fred Prahl - Oregon State University

NOAA Goals

Climate Adaptation and Mitigation
Healthy Oceans

Description

Since 2004, the Russian-U.S. Long Term Census of the
Arctic (RUSALCA) program has been instrumental
in obtaining time-series measurements from both
channels of the Bering Strait. For the RUSALCA
special volume of Oceanography, we proposed a
synthesis paper on year-round measurements of
Bering Strait fluxes, drawing on data and information
gleaned during the recent years of RUSALCA,
focusing dominantly on issues elucidated by
disciplinary and interdisciplinary data from the
mooring program and other closely related data sets.
Our plan is to combine past published work with
new, so far unpublished results and conclusions,

to consider interdisciplinary change in the region,
and seek interdisciplinary connections. This will be
achieved by working closely with other RUSALCA
investigators (funded separately).

Objective

Our goal is to prepare an interdisciplinary synthesis
manuscript on the year-round measurement program
in the Bering Strait, with special focus on the
RUSALCA years for a special issue of the magazine,
Oceanography.

Accomplishments

1. The paper, entitled “A Synthesis of Year-round
Interdisciplinary Mooring Measurements in the
Bering Strait (1990-2014) and the RUSALCA years
(2004-2011)” by Rebecca A Woodgate, Kathleen
M Stafford and Fredrick G Prahl, was submitted
to Oceanography in February 2015, and is now in
review. The submitted version is available online.

2. The abstract of the submitted manuscript is

reproduced here:

The flow through the Bering Strait, the only
Pacific-Arctic oceanic gateway, has dramatic local,
regional, and global impacts. Advanced year-round
moored technology quantify challengingly large
temporal (sub-daily, seasonal, and interannual)
and spatial variability in the ~85km wide, two-
channel strait. The typically northward flow,
intensified seasonally in the ~10-20km wide,
warm, fresh, nutrient-poor Alaskan Coastal
Current (ACC) in the east, is otherwise barotropic
and homogeneous in velocity, although with higher
salinities, nutrients and lower temperatures in the
west. Velocity and water properties respond rapidly
(including flow reversals) to local wind, which
likely also causes the strait’s ~two-layer summer
structure (by “spilling” of the ACC) and winter
water-column homogenization. We identify island-
trapped eddy zones in the central strait; changes

in sea-ice properties (season-mean thicknesses
from <1m to >2m); and increases in annual mean
volume, heat, and freshwater fluxes from 2001 to
present (2013). Tantalizing first results from year-
round bio-optics, nitrate, and ocean acidification
sensors indicate significant seasonal and spatial
change, possibly driven by the spring bloom.
Moored acoustic recorders show large interannual
variability in subarctic whale occurrence, related
perhaps to water property changes. Substantial
daily variability demonstrates the dangers of
interpreting section data and the necessity for year-
round interdisciplinary time-series measurements.
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Reasons Objectives Were Not Met

The project is proceeding as planned. Reviews on
the manuscript are due in a few months, and the
estimated publication time of the special issue is Fall

2015.
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Figure 1. Bering Strait annual mean time-series from 1991 - 2013
of: (a) transport calculated from A3 (blue) or A2 (cyan), adjusted
for changes in instrument depth (black) with error bars (dashed)
calculated from variability; (b) near-bottom temperatures from
A3 (blue) and A4 (magenta-dashed); (c) salinities from A3 (blue)
and A4 (magenta); (d) heat fluxes (relative to -1.9°C): blue - from

A3 only; red - including constant corrections for ACC (1x10%°)) and
stratification (0.4 to 1.7x10%°)), latter estimates taken from average

correction for a 10m or 20m thick upper layer in Woodgate et al.,

[2012]; and (e) freshwater fluxes (relative to 34.8psu): blue - from

A3 only; red - including 800-1000km3 (lower and upper bounds)

correction for stratification and ACC. Updated from Woodgate et

al., [2012] - see that paper for full methodology.
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OCEAN CLIMATE STATIONS

PI
Nicholas Bond - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel

Jennifer Keene, Nathan Anderson, Adrienne Sutton,
and Daniel Dougherty - Joint Institute for the Study
of the Atmosphere and Ocean

Task Il

NOAA Sponsor
Diane Stanitski - NOAA Climate Program Office

Other NOAA Personnel
Meghan E. Cronin and Christian Meinig - Pacific

Marine Environmental Laboratory

NOAA Goal
Climate Adaptation and Mitigation

Description
NOAA’s Ocean Climate Stations Project (OCS)
currently maintains two reference station moorings in
the North Pacific (Figure 1): The Kuroshio Extension
Observatory (KEO) and Station Papa. KEO is located
in the North Pacific’s western boundary current
region, which is characterized by extremely large
ocean heat losses to the atmosphere and carbon
dioxide uptake by the ocean.
Station Papa is where an ocean
weather ship was stationed from
1949-1981. Ocean measurements
at Station Papa extend back
almost six decades, making it
one of the longest ocean data sets
in the world. These moorings

are part of the Ocean Sustained
Interdisciplinary Time Series
Environmental Observatory
(OceanSITES) global network

of ocean reference stations. Data
from OCS moorings provide the
foundation blocks for NOAA’s
Climate Observation Division’s
program deliverables of global
climate analysis products.

OCS surface moorings carry a suite of sensors on
the buoy tower and underwater on the buoy bridle.
Sensors are also mounted on the mooring line, and on
the release connecting the mooring line to the chain
above its anchor. Instruments on the buoy measure
winds, air temperature, relative humidity, barometric
pressure, rainfall, atmospheric and seawater carbon
dioxide, downward infrared radiation from the sky,
incident light (heat) from the sun, as well as sea
surface temperature, salinity, dissolved oxygen, and
pH. Sensors attached to the mooring line measure
upper ocean temperature, salinity, and near surface
ocean currents. A sensor mounted on the anchor
release measures bottom water temperature, salinity
and pressure. All of these co-located measurements,
made over an extended time period, allow researchers
to study exchanges of heat, moisture, momentum,
and carbon dioxide between the sea and the air.
These exchanges (referred to as air-sea fluxes)
depend on and impact the oceanic and atmospheric
environments. Interactions between the ocean and
atmosphere affect weather, local and global climate
patterns, as well as ecosystems and the environment.

Users of OCS data range from school children to
Ph.D. researchers around the world. Purposes for data
use include validation of satellite products, validation
and improvement of weather and climate models,
detection of ocean and atmospheric interactions

Figure 1. OCS KEO mooring, deployed July 2014.
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during typhoons and winter storms, and monitoring
longer term changes in the climate system. Data
from OCS moorings are also used in the study of
ocean acidification resulting from rising levels of
carbon dioxide concentrations in the atmosphere,
and its impact on ocean ecosystems. Understanding
climate processes and biases in models helps scientists
to improve the numerical models used to predict
weather patterns and potential risks to society. Better
forecast models can help reduce vulnerability to
weather and climate extremes, predict potential risks
to coastlines and coastal infrastructure, and prepare a
weather-ready nation.

Pacific Marine Environmental Laboratory (PMEL)
OCS stations contribute to the global network of
OceanSITES reference stations. These stations provide
high quality data that can be used to assess biases and
uncertainties in forecasting model and observational
product analyses, to detect rapid changes and
episodic events, as well as long-term changes in the
climate system, and to identify mechanisms and
relationships within the climate system.

Objectives

1. Obtain calibrated surface meteorological and
subsurface temperature, salinity, and currents at
the OCS stations.

2. Provide access to OCS data and metadata
through linked web pages in a standard format to
encourage broad use of data.

3. Contribute to the scientific understanding of the
global climate system, through analysis of the
reference data and analyses of numerical model or
satellite products that have been validated against
reference data.

Visit the Ocean Climate Stations website for more
detail on the project

Accomplishments
1. Successful Ongoing Operation of OCS Moorings:

During the summer of 2014, the OCS group
successfully performed deployment/recovery
operations for all OCS moorings. The KEO
mooring, first established in 2004, has now
been deployed for its 11th year. Data from the
KEO mooring has been valuable for improving
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Figure 2. Tropical Storm 13W (Fengshen) passed the
KEO mooring on September 9, 2014. Photo from
NASA Goddard MODIS Rapid Response Team

understanding of the effects of tropical cyclones
and typhoons. For Station Papa, 2014 was the
eighth year an OCS buoy was deployed at the site.
The OCS mooring at Station Papa has become
the primary observing platform at a site where
weather has been monitored in some form since
1949. It now also serves as the central mooring of
an Ocean Observatories Initiative (OOI) global
node established at Station Papa in July 2013. The
long-term data sets being established at these sites
are valuable for monitoring ocean climate, both
in the short term for improving weather forecasts,
and long term for understanding and predicting
climate variability and change.

. Data from KEO Mooring Used in Typhoon

Forecasting Exercise:

The KEO mooring is routinely in the path of
typhoons and tropical cyclones, making it ideal
for storm monitoring. It has survived multiple
tropical storms since being deployed in July 2014.
Complete hourly data sets were successfully
reported to shore throughout the storms.

During the passage of one storm, Bond
coordinated with Hyun-Sook Kim at NOAA’s
Environmental Modeling Center to perform a
real-time typhoon forecasting exercise. Actual
measurements of conditions from the KEO
mooring were compared to the conditions
predicted by the models.


http://www.pmel.noaa.gov/OCS/
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This exercise mainly
focused on the feasibility

of carrying out a real-time
comparison. The value of
using high-resolution time
series data for improved
forecasts will continue to
be investigated in future
efforts. Any lessons learned
may potentially be applied
to forecasts for hurricanes
impacting the U.S.

. Papa Mooring in the Midst
of a Warm Water Anomaly:

Since early 2014, Bond had
been tracking unusually
warm surface water in the

northeast Pacific Ocean.
The Papa mooring sits in
the midst of this anomaly,
providing measurements
of the present conditions,
as well as a record of historical ocean surface
temperatures.

A short news story was posted on the OCS web site
in June 2014. Based on information from Bond,
the Washington state climatologist, this story
discussed the effects warm surface water would
have on local weather and fisheries. Similar stories
were published in the Washington Post, Seattle
Times, and Bellingham Herald newspapers, and
other media outlets, including UW Today. Bond’s
paper, “Causes and Impacts of the 2014 Warm
Anomaly in the NE Pacific” has been published in
Geophysical Research Letters.

. Large Growth in Online Data Users:

During 2014, there were substantial changes made
to the OCS websites and online data download
portals. Users now experience a newly revamped
central website. In FY14, OCS web pages received
over 174,000 site hits, with over 247 GB of text
and data downloaded by visitors. The OCS Data
Display and Delivery page had over 500 download
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Figure 3. Warm water anomaly in NE Pacific, May 2014. OCS Papa mooring location marked by “P".

requests, yielding over 1,900 data files to users
from around the world (U.S., Japan, Canada, UK,
India, Norway, Belgium, France, China, Russia,
Germany). Compared to FY13, this is more than

a factor of two increase in the number of data file
requests, and more than three times the number of
data files provided.
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OBSERVING SYSTEM RESEARCH STUDIES

Pl
Nick Bond - UW Joint Institute for the Study of the
Atmosphere and Ocean

2. The overarching objective is to identify useful
climate indices/indicators of the state of the
climate system, together with estimates of their
uncertainty, that help society understand, forecast,
and project seasonal and longer term weather and
climate anomalies.

Other UW Personnel
Andrew Chiodi, Kevin O’Brien, and Karl Smith -
Joint Institute for the Study of the Atmosphere and

Ocean 3. The project will also undertake other observing
system research studies deemed important by

Task Il the Office of Climate Observations, and work to
develop and maintain information technology

NOAA Sponsor solutions that make global oceanographic and

climate datasets more accessible to the wider

D.E. Harrison — Pacific Marine Environmental — )
scientific community.

Laboratory
NOAA Goals Accomplishments
Healthy Oceans 1. We have shown that increases in the easterly trade
winds along the equatorial Pacific that take place
. over timescales of a few days to a couple of weeks
Description (we call these “Easterly Wind Surges”) play an

The Observing System Research Studies group
performs data and modeling studies to identify
climatically significant ocean-
atmosphere interaction patterns
and their linkages to U.S. and global

important role in the onset and growth of La Nifia
events (see Figure 1).

Model Sea Surface Temp. (SSTA) from a series of EWS

weather anomalies, with the goals Wind Stress Anomaly Model SSTA NIFO 3.4 Index
of improving our awareness and applied to model ’
understanding of present climate o | — | Q_ 2 R T4
conditions and the effectiveness — 2
of the global observing system for “ —— z 2 =
climate. The Observing System o o § o
Research Studies group also develops . — i z i
and makes use of information v —_ -
technology capabilities to manage E = T PR <
and analyze large observational and L i %%‘ - -
computer-generated data sets. S _ — - £
= — 2 LT i )

Objectives = /4 s =
1. To undertake observing system < o - ) <

research studies with an emphasis RN

on evaluatll’lg and better 140°E 1807 140"W 1007w 140°E 1807 LRI 100°W

understanding the activities ﬂ—z o 2% ﬂ—_{,lgl o os |—10.'(,

needed to properly sample . . _ o
limate-relevant variability at Figure 1. We have shown that Easterly Wind Surges (EWS), applied to a realistic ocean

clima Y general circulation model with timing like that seen in actual La Nifia events, are sufficient

the marine surface, in the upper to drive La Nifia-type sea surface temperature anomaly (SSTA) cooling in the model. The

ocean, and more generally for air- panels above illustrate this, showing; a series of applied EWS zonal wind stress anomalies
. ) (left), the 2S to 2N average SSTA that is driven in the model by the EWS (middle) and the

sea interaction. average model SSTA in the Nifio 3.4 index region. In this case, the Nifio 3.4 index is cooled

by more than 1C by the series of applied EWS.
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The role of Westerly Wind Events in initiating and
maintaining El Nifio-type warming has long been
recognized. This is the first study that shows that
Easterly Wind Surges are as important to La Nifia
events as Westerly Wind Events are to El Nifio
events (Chiodi and Harrison, 2015).

. We have contributed to outreach about climate
variability and trends to the global oceanic fishery
management community. We have shown that
because the El Nifio -Southern Oscillation (ENSO)
greatly affects several Pacific fisheries and the
magnitude of ENSO variability is so strong that

it will likely dominate environmental conditions
in the tropical Pacific in the next few decades,
compared to the ‘climate change’ projections

from most coupled earth system models, fishery
management decisions will have to be made in

a context of very substantial uncertainty about
upcoming environmental conditions (Harrison
and Chiodi, 2014).

. Group work has led to improved knowledge of the
effects that El Nifio and La Nifia events have on
year-to-year changes in global atmospheric CO,
concentration. It is now understood that the effects
of strong La Nifa events are about 50% weaker
than those of strong El Nifio events, and act over
different seasons, with statistically significant La
Nina effects being seen from September Year 0 to
May Year 1, and El Nifio effects from December
Year 0 to August Year 1. Also, weaker La Nifa
events do not have statistically significant effects,
whereas the weaker El Nifio events have effects
comparable to the larger El Nifio events. These
results provide useful benchmarks for the ongoing
development of Earth System Models, which

seek to reliably reproduce the global carbon cycle
(Chiodi and Harrison 2014a).

. Subseasonal wind events are widely understood

to play an important role in the onset and growth
of El Nifio events, but until now there has been
confusion in the literature about which classes of
subseasonal wind events provide the required wind
stress forcing. Group work has compared the inter-
relationships between two classes of subseasonal
wind events, namely Westerly Wind Events and
the Madden-Julian Oscillation (MJO), as well as
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Figure 2. PCO2 Observations off the Washington Coast

the observed changes in equatorial Pacific sea
surface temperature changes that follow them.

The results of this study are clear. Westerly Wind
Events drive waveguide warming and help initiate
El Nifio events regardless of the state of the MJO.
MJO events drive waveguide warming only if they
contain Westerly Wind Events embedded in them,
and the chance of seeing a Westerly Wind Event
remains the same whether or not an MJO event
occurs. Hence, it is the Westerly Wind Events that
are important to the initiation and growth of El
Nifio events, not the MJO. Better understanding of
the processes that cause Westerly Wind Events and
their predictability remains an avenue for better
understanding of these aspects of ENSO (Chiodi
et. al, 2014).

. Information technology-side accomplishments -

The Observing Systems Research Studies group
has been actively involved in promoting and
encouraging data integration and interoperability
through the embracing of community data and
metadata standards. We also continue to be
involved in providing improved community access
to data and data products.

Through projects that we lead, including the
Observing System Monitoring Center (OSMC),
and the Unified Access Framework (UAF), we have
been working to promote the use of data standards
to improve data interoperability. We continue
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to support, through the UAF project, a tool that
allows us to crawl remote data catalogs, analyze

the information collected, and then create a new,
publicly available catalog that serves data through a
wide variety of data access services.

This process makes the data directly available
through many popular desktop and web
applications for analyzing and visualizing data, and
allows scientists to use those tools with which they
are most comfortable. We have successfully been
able to serve data from a wide variety of NOAA
and non-NOAA sources to the community and,

in fact, have made available approximately 11,000
datasets in this manner. In the past year, we have
turned our attention to providing the same level
of access to ocean in situ observations as well.

By embracing the Climate and Forecast Discrete
Sampling Geometry conventions, we are able to
provide integrated access to all kinds of ocean
observations, both in real time and delayed mode.
In fact, through the OSMC, we have provided
integrated access to real-time data from the Global
Telecommunications System through a host of
web services. This allows users, such as forecasters,
to easily access real-time data to ingest into their
models, and for users to analyze performance

of deployed ocean instruments, such as drifting
buoys.

In support of NOAA’s Climate Observation
Division, we are also currently working to create
an interoperable data management prototype

to support activities such as the Tropical Pacific
Observing System 2020.

8.7

6.

Community access to data and data products - In
addition to leading the community in attempts

to improve data integration and interoperability,
the Observing System Research Studies group
continues to help scientists visualize and analyze
data. The group has also been involved in assisting
scientists in creating very high quality data
products.

PyFerret, the python version of the popular
application Ferret, version 1.1 has been officially
released for public use. In fact, it is currently

being widely used at NOAA’s Geophysical Fluid
Dynamics Laboratory in the post-processing
workflow that is integrated with all of their model
runs, including those as part of the Coupled Model
Intercomparison Project. PyFerret has greatly
improved graphics creation and integration of
numerical and scientific libraries. In addition,

we have added two additional dimensions to the
computational facilities of Ferret/PyFerret. These
two additional dimensions will allow scientists to
extend their analysis to a total of six dimensions.
Typically, the additional dimensions will be used
for ensemble and forecast analysis, both of which
are becoming increasingly important to large-scale
modeling projects.

The group continues to play a central role in the
data management of the Surface Ocean Carbon
Atlas (SOCAT) project. This project, which
establishes a high quality, global surface CO, data
set, has laid the foundation for years to come in
terms of defining formats for metadata and data, as
well as methods for doing first level quality control.
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Figure 3. Most recent 7 days of SST from drifting buoy
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The SOCAT v2 update was released in June 2013 at
the 9th International Carbon Dioxide Conference
in Beijing, China. Work for SOCAT version 3 has
been ongoing during 2014-15. During this period,
we have been implementing an automated data
ingestion dashboard which is integrated with

the quality control system for SOCAT data. The
automated data ingestion will greatly reduce the
burden required to create the high quality SOCAT
data products. This reduced burden, in addition to
upgraded QC capabilities through the Live Access
Server has been fully embraced by the SOCAT
science community. The automated system will
allow updates to the global SOCAT data product
to be released on a more frequent basis, with yearly
releases of SOCAT data catalog the ultimate goal.

— 136 —



OCEAN AND COASTAL OBSERVATIONS

INTERNATIONAL ARCTIC BUOY PROGRAMME (IABP)
- MONITORING THE EURASIAN BASIN OF THE ARCTIC
OCEAN

Pl
Ignatius Rigor - UW Polar Science Center/Applied from buoys are removed from the reanalyses. The
Physics Laboratory buoy observations also help constrain estimates of
wind and heat. In situ observations of sea ice motion
Other UW Personnel are also important for estimating the drift of various
Wendy Ermold and Jim Johnson - Polar Science areas and types of sea ice, and for understanding the
Center/Applied Physics Laboratory dynamics of ridging and rafting of this ice, which
changes the thickness distribution of sea ice. Over the
Task Il Arctic Ocean, this fundamental observing network
is maintained by the International Arctic Buoy
NOAA Sponsor Programme (IABP), and is a critical component of the

Arctic Observing Network (AON). The funds from
this particular IABP grant are focused on maintaining
the AON in the Eurasian Basin of the Arctic Ocean.

Kathy Crane - Arctic Research Program

Other NOAA Personnel

Pablo Clemente-Colén and Curtis Reinking -

: Objectives
National Ice Center

Maintain a network of drifting buoys on the Arctic
Ocean to provide meteorological and oceanographic

NOAA Goals observations for real-time operational requirements

Climate Adaptation and Mitigation and research purposes, including support to the
World Climate Research Programme, the World

Description Weather Watch Programme, and the AON.

Our ability to predict weather and sea ice conditions

requires in situ observations of surface meteorology Accomplishments

and ice motion. These observations are assimilated The IABP is a collaborative effort of 32 different

into Numerical Weather Prediction (NWP) models research and operational institutions from many

that are used to forecast weather on synoptic time different countries. No single institution or agency

scales, and into the many long-term atmospheric can maintain the AON. The IABP is funded and

reanalyses (e.g., National Centers
for Environmental Prediction/
National Center for Atmospheric
Research Reanalysis) that are used
for innumerable climate studies. The
impact of these in situ observations
was documented in Inoue et al.
(2009). It showed that the standard
deviation in gridded sea level
pressure (SLP) reanalyses fields over
the Arctic Ocean was more than 2.6
hPa in areas where there were no
buoy observations to constrain the
reanalyses, and this uncertainty in
the SLP fields spreads to cover the

entire Arctic when the observations The IABP AOX test site with the NOAA CMDL and aurora in the background.
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managed by the participants of the program.
Management of the IABP is the responsibility of the
Executive Committee, of which Pablo Clemente-
Colon is a member, and operation of the program was
delegated to the Coordinator of the IABP, Ignatius
Rigor.

The U.S. contribution to the IABP is coordinated
through the U.S. Interagency Arctic Buoy Program
(USIABP), which is managed by Curtis Reinking

at the Naval Ice Center and Rigor at the UW Polar
Science Center/Applied Physics Laboratory. The
USIABP is also a collaborative program that draws
operating funds and services from a number of U.S.
government organizations and research programs,
which include the National Aeronautics and Space
Administration, the Coast Guard, the Department
of Energy (DOE), NOAA, the National Science
Foundation (NSF), the Naval Oceanographic Office,
the National Ice Center, and the Office of Naval
Research. From these contributions, the USIABP
acquires and deploys buoys on the Arctic Ocean, and
supports the coordination and data management for
the IABP.

Arctic Buoy Deployments:

In 2014, we deployed seven Airborne eXpendable
Ice Buoys (AXIB), one Polar Area Weather Station
(PAWS), and 60 Surface Velocity Program (SVP)
buoys. So far this year, we have deployed 30 SVPs,
four Ice Beacons, and two Seasonal Ice Mass Balance
buoys. We currently have six AXIBs and 20 SVPs in
storage.

The USIABP buoys are deployed during various field

campaigns. In 2014, these included:

1. USIABP Beaufort and Chukchi Observing
Network: 22 SVP buoys on fast ice and on icebergs
and other navigation hazards in the Beaufort
and Chukchi seas. Logistics were supported by a
contract from Shell Exploration and Production
Company.

2. North Pole Environmental Observatory: one
PAWS and eight SVP buoys. Logistics were
primarily supported by the NSE

3. Coast Guard Arctic Domain Awareness Flights:
three AXIBs deployed in July and September 2014.
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Figure 1. Map of buoys reporting sea level pressure from the Arctic
Ocean on April 22, 2015. There are currently 169 buoys reporting in
the IABP observing network, 86 of which are reporting on the WMO
GTS.

We are also developing a new collaboration with
Alexander Salman of ES-PAS in Moscow, Russia. ES-
PAS is the Argos data provider in Russia, and through
this connection we have been able to import buoys
into Russia at a much reduced tariff rate. So far we
have deployed three buoys in April 2013, and plan to
deploy eight more buoys around the Russian North
Pole Manned Station.

IABP Coordination:

In addition to the buoy purchases and deployment
logistics described above, this grant also partially
funds the coordination of the entire IABP. All the
Arctic buoys are purchased and deployed using a
combination of equipment and logistics coordinated
with collaborators of the IABP (Figure 1).

Arctic Observations Experiment (AOX):

We are continuing our assessment of the instruments
used by the USIABP/IABP to observe Arctic weather
and climate at the AOX buoy test site, which we
installed in March 2013 at the DOE Atmospheric
Radiation Measurement and NOAA Climate
Monitoring and Diagnostics laboratory sites in
Barrow, Alaska.
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COORDINATION AND DATA COLLECTION OF THE U.S.
INTERAGENCY ARCTIC BUOY PROGRAM AND U.S.
INTERAGENCY PROGRAM FOR ANTARCTIC BUOYS

Pl
Ignatius Rigor - UW Polar Science Center/Applied
Physics Laboratory

Other UW Personnel
Wendy Ermold and Jim Johnson - Polar Science
Center/Applied Physics Laboratory

Task Il

NOAA Sponsor
Sean Helfrich — National Environmental Satellite
Data and Information Service

Other NOAA Personnel
Pablo Clemente-Colén and Curtis Reinking -
National Ice Center

NOAA Goals
Climate Adaptation and Mitigation

Description

Our ability to predict weather and sea ice conditions
requires in situ observations of surface meteorology
and ice motion. These observations are assimilated
into Numerical Weather Prediction (NWP) models
that are used to forecast weather on synoptic time
scales, and into the many long-term atmospheric
reanalyses (e.g., National Centers for Environmental
Prediction/National Center for Atmospheric Research
Reanalysis) that are used for innumerable climate
studies. The impact of these in situ observations was
documented in Inoue et al. (2009). It showed that
the standard deviation in gridded sea level pressure
(SLP) reanalyses fields over the Arctic Ocean was
more than 2.6 hPa in areas where there were no buoy
observations to constrain the reanalyses, and this
uncertainty in the SLP fields spreads to cover the
entire Arctic when the observations from buoys are
removed from the reanalyses. The buoy observations
also help constrain estimates of wind and heat. In situ
observations of sea ice motion are also important for
estimating the drift of various areas and types of sea

ice, and for understanding the dynamics of ridging
and rafting of this ice, which changes the thickness
distribution of sea ice. Over the Arctic Ocean, this
fundamental observing network is maintained by the
International Arctic Buoy Programme (IABP), and is
a critical component of the Arctic Observing Network
(AON). The funds from this particular IABP grant are
focused on maintaining a well-spaced AON that may
be used as ground truth for satellites, and support ice
forecasts by the National Ice Center (NIC).

Objectives

Maintain a network of drifting buoys on the Arctic
Ocean to provide meteorological and oceanographic
observations for real-time operational requirements
and research purposes including support to the World
Climate Research Programme, the World Weather
Watch Programme, and the AON.

Accomplishments

The IABP is a collaborative effort of 32 different
research and operational institutions from many
different countries. No single institution or agency
can maintain the AON. The IABP is funded and
managed by the participants of the program.
Management of the IABP is the responsibility of the
Executive Committee, of which Pablo Clemente-
Colén is a member, and operation of the program was
delegated to the Coordinator of the IABP, Ignatius
Rigor.

The U.S. contribution to the IABP is coordinated
through the U.S. Interagency Arctic Buoy Program
(USIABP), which is managed by Curtis Reinking

at the Naval Ice Center and Rigor at the UW Polar
Science Center/Applied Physics Laboratory. The
USIABP is also a collaborative program that draws
operating funds and services from a number of U.S.
government organizations and research programs,
which include the National Aeronautics and Space
Administration, the Coast Guard, the Department
of Energy (DOE), NOAA, the National Science
Foundation (NSF), the Naval Oceanographic Office,
the National Ice Center, and the Office of Naval
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ice north of Barrow, Alaska in March 2015.

Research. From these contributions, the USIABP
acquires and deploys buoys on the Arctic Ocean, and

supports the coordination and data management for
the IABP.

Arctic Buoy Deployments:

In 2014, we deployed seven Airborne eXpendable
Ice Buoys (AXIB), one Polar Area Weather Station
(PAWS), and 60 Surface Velocity Program (SVP)
buoys. So far this year, we have deployed 30 SVPs,
four Ice Beacons, and two Seasonal Ice Mass Balance
buoys. We currently have six AXIBs and 20 SVPs in
storage.

The USIABP buoys are deployed during various field

campaigns. In 2014, these include:

1. USIABP Beaufort and Chukchi Observing
Network: 22 SVP buoys on fast ice and on icebergs
and other navigation hazards in the Beaufort
and Chukchi seas. Logistics were supported by a
contract from Shell Exploration and Production
Company.

2. North Pole Environmental Observatory: one
PAWS and eight SVP buoys. Logistics were
primarily supported by the NSE

3. Coast Guard Arctic Domain Awareness Flights:
three AXIBs deployed in July and September 2014.

We are also developing a new collaboration with
Alexander Salman of ES-PAS in Moscow Russia. ES-
PAS is the Argos data provider in Russia, and through
this connection we have been able to import buoys

into Russia at a much reduced tariff
rate. So far we have deployed three
buoys in April 2013, and plan to
deploy eight more buoys around the
Russian North Pole Manned Station.

IABP Coordination:

In addition to the buoy purchases
and deployment logistics described
above, this grant also partially funds
the coordination of the entire IABP.
All the Arctic buoys are purchased
and deployed using a combination of
equipment and logistics coordinated
with collaborators of the IABP
(Figure 1).

Arctic Observations Experiment (AOX):

We are continuing our assessment of the instruments
used by the USIABP/IABP to observe Arctic weather
and climate at the AOX buoy test site, which we
installed in March 2013 at the DOE Atmospheric
Radiation Measurement and NOAA Climate
Monitoring and Diagnostics laboratory sites in
Barrow, Alaska.

@ vy
ol 3zsea @132528

2015-04-22

Surface Temperature

Figure 1. Map of buoys reporting surface temperature from the
Arctic Ocean on April 22, 2015. There are currently 169 buoys
reporting in the IABP observing network, 86 of which are reporting
on the WMO GTS.
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THE ARGO PROJECT: GLOBAL OBSERVATIONS FOR
UNDERSTANDING AND PREDICTION OF CLIMATE

VARIABILITY

Pl
Stephen C. Riser - UW School of Oceanography

Other UW Personnel

Dana Swift, Annie Wong, Anil Rupan, Dale Ripley,
Alison Rogers, and Tyler Hennon - School of
Oceanography

Task 11l

NOAA Sponsor

Steve Piotrowicz — Climate Program Office

NOAA Goals

Climate Adaptation and Mitigation
Healthy Oceans

Description

Argo is an international project that has deployed
over 3,000 profiling floats in the world ocean since the
year 2000. Each of these floats collects temperature
and salinity profiles at about 10-day intervals,
between the ocean surface and a depth of 2,000 m,
and transmits the data to shore stations in real-time
while on the sea surface. More than 30 countries are
now participating in Argo, with the U.S. providing
about half the total number of floats. UW is one of
four U.S. sites that provide Argo floats. In addition
to constructing and deploying floats, the UW group
carries out delayed-mode adjustment of the salinity
data collected by the UW floats. Stephen Riser serves
as a member of both the U.S. and International Argo
Steering Teams.

Objectives

1. To continue participation in the Argo program.
This international program is designed to
deploy 3,000 profiling floats in the world ocean
(approximately 300 km resolution over the globe)
that will collect profiles of temperature and salinity
over the upper 1,000 m of the world ocean at
approximately 10-day intervals. This is the first
subsurface global ocean observing system.

2. The U.S. is committed to providing about half of
these floats. For the past several years, the U.S. has
been providing more than 300 floats per year, split
among four institutions (Scripps Institution of
Oceanography [SIO], Woods Hole Oceanographic
Institution [WHOI], Pacific Marine Environmental
Laboratory [PMEL], and UW).

3. In the past year, funds were received to build and
deploy 90 floats. The UW floats were deployed in
the Indian Ocean, the Antarctic, the Atlantic, and
the Pacific. Most continue to operate as designed
for at least four years, many for considerably
longer.

4. At the present time, the data are being used to
examine the state of the Indian Ocean Dipole, the
Pacific Decadal Oscillation in the North Pacific,
long-term (decade to century) scale of variability
of salinity in the North Pacific, and the circulation
and heat and freshwater balances near Antarctica.

Accomplishments and Awards

1. During the past year, the team deployed 999
profiling floats as part of Argo, the largest number
of any single float group in the world. Floats
were deployed in the Atlantic, Pacific, and Indian
Qceans, as well as around Antarctica. Some of
the UW floats in the Antarctic have now been
operating for four winter seasons. A majority of the
UW floats were deployed in the subtropical South
Pacific using a charter vessel, the R/V Kaharoa
from New Zealand, paid for using Argo funds.

2. Some of the floats deployed in the past year (about
15) were deployed in the Southern Ocean, for the
third year in a row. These floats used new software
that allowed them to operate for extended periods
under seasonal Antarctic ice. All of the Antarctic
floats used the Iridium communication system,
and many carried dissolved oxygen sensors.

3. In addition, floats were deployed in the eastern
tropical Pacific, and in the Indian Ocean (Bay of
Bengal region).
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4. Several papers were published in refereed journals
using Argo data, and a graduate student, Alison
Gray, finished her PhD dissertation. Gray was
recently awarded a NOAA Global Change
Postdoctoral Fellowship, which she is now using
as a postdoc at Princeton University. Her PhD
dissertation work was based on the analysis of
Argo data.
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DEVELOPMENT OF DATA MANAGEMENT DATABASE
FOR OCEAN AND COASTAL OBSERVATIONS FROM THE
SEABED AUTONOMOUS UNDERWATER VEHICLE

Pl

Sarah Webster - UW Applied Physics Laboratory
Task Il

NOAA Sponsor

Elizabeth Clarke — Northwest Fisheries Science
Center

NOAA Goal
Healthy Oceans

Description

The goal of this project is to develop a functional,
searchable, scalable database for storing, accessing,
and searching raw data streams and derived data
products from the SeaBED-class autonomous
underwater vehicle (AUV) used by Northwest
Fisheries Science Center (NWFSC) and Pacific
Islands Fisheries Science Center (PIFSC) to study
corals and groundfish populations and habitat.

Objectives

The objectives are to design and build a database that

is accessible to project collaborators, including both

NOAA employees and external collaborators. The

database will store all raw data streams from the AUV,

including but not limited to:

o Imagery from the downward looking stereo
cameras

o Imagery from the forward looking camera

 Tracking data from the ultra-short baseline (USBL)
navigation system

« Tracking data from the long baseline (LBL)
navigation system

 Velocity data from the Doppler Velocity Log

« Accelerations and roll/pitch/heading from the
Inertial Navigation System

« Conductivity, temperature, and pressure from the
CTD

o Pressure/depth from the Paroscientific depth
sensor

« Imagenex profiling sonar data

« WHOI MicroModem acoustic data transmissions.

The database will also store derived data product,
including but not limited to:

« Fish identification

o Fish size

« Fish location

« Habitat identification

o Photomosaics

The database will have the capability to link these
data and appropriate metadata, such as expedition
information, cruise-planning documents, mission
scripts, weather, and any additional metadata
required for submission to a national database of
the researcher’s choosing, (e.g., the NOAA National
Geophysical Data Center).

The database will be implemented with the intent that
additional data types can be added and linked with

minimal effort.

Accomplishments

1. Through discussions with and examples from
multiple users, Webster has designed the desired
database framework, including existing and
desired data types and existing and desired links
between data types.

2. Webster has engaged the eScience Data Institute at
the University of Washington for input on database
software, hosting and design ideas.

3. Webster has created a local sample database in
MySQL with a starter dataset, and created a web-
accessible database space to enable collaborators to
access and test the database as it develops.

Reason Why Objectives Not Met

The final database design is ongoing, and was not
intended to be completed at this time. But steady
progress, as noted above, is being made.
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CETACEAN ASSESSMENT AND ECOLOGY PROGRAM:
UNDERSTANDING CETACEAN DISTRIBUTION IN
ALASKAN WATERS IN RELATION TO THE IMPACTS OF
CLIMATE CHANGE AND ANTHROPOGENIC ACTIVITIES

PI
Nicholas Bond - UW Joint Institute for the Study of
the Atmosphere and Ocean

Other UW Personnel

Amelia Brower, Jessica Crance, Stephanie Grassia,
Eliza Ives, Amy Kennedy, and Alexandra Ulmke -
Joint Institute for the Study of the Atmosphere and
Ocean

Task Il

NOAA Sponsor
Phillip Clapham - Alaska Fisheries Science Center

Other NOAA Personnel

Catherine Berchok, Megan Ferguson, and Nancy
Friday — Alaska Fisheries Science Center

NOAA Goals
Healthy Oceans

Description

The National Marine Fisheries Service (NMFS)

is charged with managing and protecting marine
mammals under the Marine Mammal Protection
Act (MMPA) and the Endangered Species Act
(ESA). The Cetacean Assessment and Ecology
Program (CAEP) at the National Marine Mammal
Laboratory (NMML), and the Alaska Fisheries
Science Center (AFSC) studies cetaceans in Alaskan
waters through a collaborative research effort of
biologists, acousticians, and statisticians, as well as
biophysical scientists from JISAO, AFSC, the Pacific
Marine Environmental Laboratory (PMEL), and
other research organizations. CAEP’s mission is to
assess cetacean abundance, population trends, and
habitat utilization in Alaskan waters, and to facilitate
sustainable management of these species and healthy
ecosystems.

The high-latitude waters of Alaska are subject to
climate change, which may have profound effects on
the trophic composition of ecosystems and numerous
other anthropogenic impacts, including oil and gas,
industrial, shipping, and fishing activities. Monitoring
and protecting cetaceans in this changing, high-use
environment require long-term, ecosystem-based
analyses. Research on populations of particular
concern, such as Cook Inlet beluga whales and
cetaceans in the Chukchi and Beaufort seas, is
ongoing. CAEP incorporates field, analytical, and
modeling approaches to monitor cetaceans, and to
understand how varying physical and biological
factors influence their abundance and habitat use.

Objectives

JISAO scientists contribute fully to the following

objectives:

1. Assess patterns of spatial and temporal use of
Alaskan waters by marine mammals (endangered
bowhead, fin, and humpback whales, other
cetaceans, ice seals, walruses, and polar bears)
through aerial and vessel surveys and acoustic
monitoring.

2. Describe the annual migration of bowhead whales
across the Alaskan Arctic, significant inter-year
differences, and long-term trends in the spatial
distribution and timing (duration and start date) of
the migration.

3. Document relative abundance and behavior
(including calving/pupping, feeding, hauling out)
of marine mammals in the Alaskan Arctic.

4. Investigate the movements of individual whales,
and assess the population structure and origin of
whales in the region.

5. Provide an objective wide-area context for
understanding marine mammal ecology in
Alaskan waters, to help inform management
decisions and interpret results of other small-scale
studies.
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6. Evaluate the extent to which
variability in environmental
conditions such as sea ice,
oceanic currents, water
temperature and salinity, and
prey abundance influence
cetacean distribution and
relative abundance.

Accomplishments

1. The Aerial Surveys of
Arctic Marine Mammals
(ASAMM), a project
funded by the Bureau of
Ocean Energy Management
(BOEM), describes the
annual migration of bowhead
whales in the Alaskan
Arctic and documents the relative abundance,
spatial, and temporal distribution, and behavior
of marine mammals in the Alaskan Arctic (Figure
1). ASAMM is an ongoing 35-year time series
and provides an objective wide-area context
for understanding marine mammal ecology in
the Alaskan Arctic to help inform management
decisions and interpret results of other small-scale
studies. The extensive annual report for the 2014
season has been drafted, and preliminary results
were presented at the Alaska Marine Science
Symposium in Anchorage, January 2015. Data
analysis, writing for scientific publication, and field
preparations for the 2015 field season continue.
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2. The NMML acoustics program deploys numerous
autonomous passive acoustic recorders throughout
the Bering, Chukchi, and Beaufort seas. These
moorings, deployed every summer, collect acoustic
data on a duty cycle for a year, and are retrieved
and redeployed the following year. Figure 2 shows
the location of all passive acoustic recorders
deployed by the Acoustics group.

3. The Arctic Whale Ecology Study (ARCWEST) is

a BOEM-funded, multi-year project to investigate

baleen whales in the Chukchi Sea relative to ocean

currents, and prey resources. Large numbers

of baleen whales pass through the Bering Strait

during seasonal migrations to feeding grounds
further north. Beginning south
of the Bering Strait, important
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Figure 1. Bowhead whales sighted by ASAMM in 2014 by month, transect, search, and circling

effort.

also being explored. We have
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Figure 2. Location of all NMML passive acoustic recorders.

begun processing the data from the moored
passive acoustic recorders to obtain the seasonal
distribution of marine mammals, as well as
environmental and anthropogenic sounds. Eliza 5
Ives is implementing a low frequency detection

and classification system (LFDCS by Mark
Baumgartner, Woods Hole Oceanographic
Institution [WHOI]) on our acoustic dataset.
She has conducted iterative testing of

the LFDCS on bowhead and fin whale

calls, with limited success. If successful,

this will dramatically reduce analysis

times, as right now all data are analyzed
manually. All sonobuoy data for the
ARCWEST project have been processed

and uploaded to the Distributed

Biological Observatory (DBO) website.

The results of the sonobuoy deployments

are presented in Figure 3. The visual

and telemetry field work for this project
concluded in 2014. Currently, data from
these project components are being
processed and synthesized for peer

review publication. Preliminary results

have been included in the ARCWEST
annual report submitted to BOEM on
January 15, 2015.
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AURAL mooring in biophysical cluster

+ AURAL recorder on non-NMML mooring

and Zooplankton (CHAOZ) study is

a BOEM-funded, multi-year, multi-
disciplinary study to document the
distribution and relative abundance

of endangered whales in the Chukchi
Sea Planning Area, and relate variation
in those parameters to oceanographic
conditions, indices of potential prey
density, and anthropogenic activities.
This project, which began in 2010, is

in its final year, with the final report

to be submitted by summer. All data
from the passive acoustic moorings
have been analyzed (e.g., Figure 4),

and data will be included in a general
additive model to determine correlations
with oceanographic conditions. All
sonobuoy data from the CHAOZ project
field surveys have been processed and
uploaded to the DBO website, and will
be presented in the final report. All
visual and telemetry data have been processed
and synthesized, and will be presented in the final
report.

. The CHAOZ Extension Study (CHAOZ-X) is a
BOEM-funded, multi-year, multi-disciplinary
study to document the temporal and spatial
distribution of baleen whales near Hanna Shoal
in the northeast Chukchi Sea, and to relate
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Figure 3. Sonobuoy deployment location and species detected during the northern
portion of the 2014 ARCWEST/CHAOZ X field survey.
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Figure 4. A two-year time series of bowhead whale calls detected on three moorings off Icy Cape, AK. Moorings are located ~40 miles
(“inshore”), ~70 miles (“midshore”), and 110 miles (“offshore”) off Icy Cape. The Y-axis shows the percentage of 3-minute time intervals with
bowhead calls detected per day. The data were collected and analyzed as part of the BOEM funded CHAOZ project. Gray areas represent no

data.

variations to oceanographic conditions, indices
of potential prey density, and anthropogenic
activities to improve understanding of the
mechanisms responsible for observed high levels
of biological activity around the shoal. We have
begun processing the data from the moored
passive acoustic recorders to obtain the seasonal

distribution of marine mammals, as well as
environmental and anthropogenic sounds. Ives will
implement the LFDCS on the CHAOZ X acoustic
dataset once it is proven to be successful on the
CHAOZ and ARCWEST data.

6. The Acoustics group at NMML participated in an
educational outreach program called Expanding
Your Horizons (EYH) in March. The goal of EYH
is to inspire young girls (grade 7-8) and spark
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INTEGRATING SPATIAL HABITAT AND FISHERIES
EFFORT DATATO IMPROVE ABUNDANCE ESTIMATES OF
WEST COAST GROUNDFISH

Pl Accomplishments

Ray Hilborn - UW School of Aquatic and Fishery
Sciences

Other UW Personnel

Kotaro Ono - School of Aquatic and Fishery Sciences

Task Il

NOAA Sponsor
Andrew O. Shelton — Northwest Fisheries Science
Center

Other NOAA Personnel

Eric Ward, James Thorson, Marlene Bellman, and
Blake Feist — Northwest Fisheries Science Center

NOAA Goal
Healthy Oceans

Description

The goal of this project is to develop statistical
approaches that can incorporate habitat and spatial
information into a delta-generalized linear mixed
model (delta-GLMM) framework for the shelf-slope
bottom trawl survey of the U.S. West Coast.

Objectives

1. Compare first and second passes of trawl data
in the same year to look for short-term changes
in species-habitat relationships, and for any
modifying effect of fishing effort or catch.

2. Compare base delta-GLMM with a model that

includes only habitat as fixed-effect covariates, and
a second model that includes habitat covariates and

fishing effort, again as fixed effects. This is a pure
spatial model that includes time only as a fixed
offset.

3. Work toward the development of a full spatial
time-series model. The ultimate goal is to
incorporate both habitat information and fishing
effort into a single coherent framework.

1. Kotaro Ono (UW PhD student) defended his

PhD dissertation titled, “The spatial dimensions
of fisheries: improved use of spatial information
into fisheries management and information for
assessments.”

. Ono worked on a collaborative project with other

School of Aquatic and Fishery Sciences (SAFS)
students to assess the performance of Stock
Synthesis when natural mortality varies with time,
growth is fixed at externally estimated values,
length- and age-composition data are binned in
different increments, empirical weight-at-age data
is modelled, and increasing amounts of age- and
length-composition data are available. Three
papers describing this work were published in the
ICES Journal of Marine Science and three more
will be submitted to the journal Fisheries Research.
Ono was a co-author of an R package to facilitate
simulation with Stock Synthesis, which is currently
available on Comprehensive R Archive Network
(CRAN).

. Andrew O. Shelton developed a Bayesian delta-

GLMM model to compare model performance
between a spatial semi-parametric model and a
design based non-spatial model. The paper was
published in Canadian Journal of Fishery and
Aquatic Sciences.

. Ono developed a Bayesian spatio-temporal model

that compared the changes in biomass between
the first and second pass of the survey to examine
evidence of local depletion and detect the effect
of fishing. The paper is in review in Ecological
Applications.

. Ono and Shelton worked on a collaborative project

with NOAA employees to develop spatio-temporal
species distribution models to identify temporally
evolving hotspots of species co-occurrence. The
paper was published in Ecological Applications.
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CONSERVATION OF ARCTIC FLORA AND FAUNA (CAFF)
MARINE MAMMAL DATABASE ENTRY

Pl
Kristin Laidre - UW Applied Physics Laboratory/
Polar Science Center

Task Il

NOAA Sponsor
Kathleen Crane - Office of Oceanic and Atmospheric

Research/Climate Program Office

NOAA Goals
Healthy Oceans

Description
Develop a database of abundance and trend data for
Arctic marine mammals.

Objectives
To create a database of Arctic marine mammal
abundance estimates.

Accomplishments

We completed a database of abundance estimates

for the CAFF Marine Mammal Expert Network
(MMEN). The online database structure was created
by CAFF, and we entered data on 78 marine mammal
subpopulations. This included all available abundance
and trend data. These data were based on a recent
publication by Laidre et al. (2015) in Conservation
Biology.
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DESIGN AND CONDUCT RESEARCH TO REDUCE
SEABIRD BYCATCH IN WEST COAST LONGLINE

FISHERIES

PI
Edward F. Melvin — Washington Sea Grant/UW
School of Aquatic and Fishery Sciences

Other UW Personnel
Troy Guy - Washington Sea Grant

Task Il

NOAA Sponsor

Tom Good - Northwest Fisheries Science Center

Other NOAA Personnel

Steve Copps — National Marine Fisheries Service
Jon McVeigh - Northwest Fisheries Science Center

Non-UW/Non-NOAA Personnel

Rob Suryan and Amanda Gladics - Oregon State
University

Joe Tyburczy - California Sea Grant Extension

NOAA Goals
Healthy Oceans

Description

We measured the sink rate of longline gear and the
rate of attacks by black-footed albatross on baited
hooks and host vessels from Fort Bragg, California

to Bellingham, Washington. We also carried out

a preliminary analysis of these data, as well as

data collected via a survey instrument designed to
characterize the fishing gear and practices of the West
Coast longline fishery targeting sablefish.

Objectives

1. Refine and develop effective and practical tools
to reduce seabird bycatch in West Coast longline
fishery for sablefish in collaboration with the
fishing industry, with a focus on vessels using
combinations of weights and floats on the
groundline.

2. Continue to collect data to characterize the fleet

(vessel classes, gear, and fishing practices) to
structure the research, and to summarize those
data.

3. Based on the fleet characterization, recruit owners/
operators of vessels to host research on their vessels
in the 2014 fishing season (April through October).
Host vessels will be partially compensated to offset
increased costs (insurance, food, and possible bait
loss) and to provide an incentive.

4. Aboard host vessels, establish the sink profile of
longline gears used by the West Coast sablefish
fleet, and evaluate the performance of streamer
lines across these gears. Streamer lines will be those
designed by Washington Sea Grant, and currently
being made available to the West Coast fleet via
Pacific States Marine Fisheries Commission, with
funding from NOAA Fisheries.

5. In collaboration with the West Coast Groundfish
Observer Program (WCGOP), the International
Pacific Halibut Commission, and volunteer vessels,
collect data on longline gear sink profiles using
time-depth recorders. These data will augment
data collected on host research vessels.

6. Attempt to match the span of the aerial extent of
steamer lines to the distance behind the vessel at
which bird can access baits — a depth of 2 m for
albatrosses — by manipulating weights and floats
on the gear and streamer line specifications (aerial
extent, height of attachment, towed device, and
number and type of streamers).

7. Share results with industry, stakeholders, the
National Marine Fisheries Service, and the Pacific
Fishery Management Council for policy decision-
making within the scope of the Biological Opinion
for short-tailed albatross.

Accomplishments

Research was carried out on eight host vessels in

the reporting period. Six of the eight vessels used
floating gear (a combination of weights and floats), a
gear configuration that is unique to the West Coast
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longline fishery targeting sablefish. Floats are used

to lift some of the hooks off the bottom to prevent
bait loss to scavengers, and to reduce the loss of catch
to hagfish depredation. Two of eight vessels used
longline gear without floats (conventional gear), a
gear more typical of the Alaska longline fishery.

Time-depth recorders (TDRs) were deployed on 57
longline gear deployments (sets). We recorded the
rate at which black-footed albatross attacked baited
hooks within the 90 m length of streamer lines during
line setting for 41 sets or 119,380 hooks.

During 2014, we conducted one-on-one trainings on
TDR protocols for WCGOP observers. In preparation
for the 2015 fishing season, we conducted two
training sessions on TDR data collection protocols for
28 WCGOP observers. Training resulted in WCGOP
observers collecting sink profiles on an additional
four sets on two vessels.

Analysis of data provided by fishermen via our
survey instrument revealed that 55% of the 27
fishing captains completing surveys use floating
gear. Although our survey sample was smaller than
we hoped, we feel it is representative of the West
Coast fleet fishing from Fort Bragg, California

to Washington. Consistent with this finding, we
recruited vessels to our research program that used
floating gear, as well as conventional gear.

We estimated the distance astern that baited hooks
sank beyond the access of surface feeding seabirds (2
m) by multiplying the sink rate (meters/second) of
the fastest and slowest sinking components of floating
and conventional longline gear by vessel speed
(meters/second) during line setting. The slowest
sinking section of floating gear is the float, while the
slowest section of conventional gear is the midway
point between weights. The fastest sinking section for
both gear types is at the weight.

The resulting sink profiles showed that floats on
floating gear sank beyond the access of birds on
average at 150 m (+ 20 m) astern of the vessel. In
contrast, the midway point between the weights of
conventional gear sank beyond the access of surface
foraging birds on average at 66 m (+7 m) astern of
the vessel. Floating gear was available to birds 115
m beyond the protection afforded by a streamer

line, while conventional gear was only available 31
m beyond the streamer line aerial extent (deployed
with a 35 m aerial extent). It is the aerial extent —
the component of the streamer line that is aloft and
suspends streamers - that functions to scare birds
from longline gear. Weights on both gear types
sank well within the protection of streamer lines
(22 m to 42 m astern). The sink profiles for floating
and conventional gear did not vary by vessel size.
Longline gear on vessels under 55 feet had similar
sink rate profiles as vessels 55 feet and longer for both
gear types.

Reflecting the protracted sink profiles of floating
gear, black-footed albatross attacked longline baits on
floating gear at rates higher and further astern than
that of conventional gear. Albatross bait attacks on
floating gear peaked at over 10 attacks/1,000 hooks

at 70 m, while albatross attacks on conventional

gear peaked at 2 attacks/1,000 hooks at 50 m. When
conventional gear was used, bait attacks by black-
footed albatross were not detected within the aerial
extent of steamer lines. Black-footed albatross did
attack baits on floating gear within the protection of
streamer lines, but these occurred at the margin of the
aerial extent (30 m).

This evidence strongly suggests that Alaskan longline
requirements for larger vessels (two streamer lines
with a 40 m aerial extent) are likely to prevent
albatross mortalities and bait loss for larger vessels
using conventional gear while targeting sablefish off
the West Coast. However, it is likely that these same
requirements will not successfully prevent albatross
mortalities and bait loss on vessels using floating gear.

Results were shared with fishery stakeholders via
port-based meetings in March 2015, but using funds
from companion grants from the Packard Foundation
and the National Fish and Wildlife Foundation. Port
meetings were held in Astoria, Newport, Charleston,
and Port Orford, Oregon in March 2015.

Reasons Objectives Were Not Met

We were not able to meet our objective of
manipulating weights and floats on floating gear to
create a sink profile that aligns with the protection
afforded by the aerial extent of streamer lines. We
were not able to progress this objective for two
reasons. The first is that the fishermen who hosted
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our research and used floating gear were unwilling

to entertain changes to their gear. The second is

that we struggled to recruit host vessels despite
providing a $400/day incentive and conducting

eight port meetings from Fort Bragg to Astoria prior
to the season. Fishermen with potential interest in
manipulating floating gear were simply not available.
However, in our port-based trainings held in 2014,
fishermen showed keen interest in night setting as

an option for vessels using floating gear to prevent
seabird interactions. Given this interest and the
difficulties we identified with protecting floating
longline gear with streamer lines, we successfully
motivated the Northwest Fisheries Science Center to
carry out an analysis of existing observer program
data to compare albatross bycatch rates for day and
night. These data were not available to our team to do
this analysis. Results showed an order of magnitude
reduction in albatross bycatch rates when West Coast
longline gear was set at night using civil twilight as

a reference point to define night, thus identifying a
potential seabird bycatch prevention tool and a viable
option for vessels committed to using floating gear.

Because of logistical challenges, the WCGOP was
able to collect longline gear sink profile data on only
two vessels. Although less than anticipated, these
data augmented the sink profile data collected on
vessels that hosted the research. We anticipate that
tully training all observers in the TDR data collection
protocol prior to the start of the limited entry fishing
season will increase the amount of data collected by
the WCGOP in 2015 and well beyond the life of this
grant.

Presentations

Gladics AJ, Guy T], Melvin EF, Suryan RM, Tyburczy
JA. 2015. Collaborating with fishermen to reduce
seabird bycatch in West Coast sablefish fisheries.
Pacific Seabird Group Annual Meeting, San Jose,
California. February 18-21, 2015, oral presentation.
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EVALUATING PREDATOR MOVEMENTS TO DETERMINE
THE VULNERABILITY OF SALMON SMOLTS TO
PREDATION IN THE SAN JOAQUIN DELTA

PI
Thomas P. Quinn - UW School of Aquatic and
Fishery Sciences

Other UW Personnel

Joseph Smith — Department of Biology/School of
Aquatic and Fishery Sciences

Task Il

NOAA Sponsor

Sean Hayes - Southwest Fisheries Science Center

NOAA Goal
Healthy Oceans

Description
Understanding the factors that influence the survival
of juvenile salmon migrating from rivers to the ocean
is critical for conserving their populations throughout
the United States, but especially in areas where

their abundance has declined to low levels. Many
factors affect salmon survival, including direct and
indirect effects of temperature, water quality, barriers,
flow conditions, and predation. In the San Joaquin
River, tagging studies have revealed a high rate of
mortality on salmon smolts (80-99%). Predation is
thought to be one of the major sources of mortality

in this river, because there are many non-native
predatory fishes (notably striped bass, largemouth
bass, channel catfish and white catfish). The purpose
of this study is to assess the movement of predators

in relation to Endangered Species Act (ESA) listed
and economically

important salmonid

receivers throughout the San Joaquin Delta that
record the date, time, and unique identity of each fish.
Concurrently, in cooperation with a larger research
project, the National Marine Fisheries Service
(NMES) will release acoustically tagged Chinook

and steelhead smolts into the system. This will allow
for the quantification of spatiotemporal overlap of
predators and prey that can subsequently be used to
advance ecological theory and inform decisions on
salmon management and conservation.

Objective

The extent to which predation by non-native fishes
affects juvenile Pacific salmon in the Sacramento/
San Joaquin system is currently not known. The goal
of this project is to use sonic telemetry to determine
the movement patterns of several putative predators
during periods of juvenile salmon migration.

These data will be combined with data from other
investigators to provide an overall picture of the
movements of different predators and the impact that
they may have on salmon populations.

Accomplishments

1. To meet our objective, field work was conducted
in March, April, and May of 2014 to coincide with
juvenile salmon migration. Predators (striped bass,
largemouth bass, channel catfish and white catfish)
were surgically implanted with acoustic tags that
are expected to work for two years. This is the first
year of two years of tagging. Below is a table of the
number of each species tagged, mean fork length,
and range of fork lengths.

smolts in an area of # Tagged

i . (UW and NOAA Mean FL Range FL
known high mortality Combined)
and high predator
densities. To accomplish Largemouth Bass 66 367 226-548
this task, prédators w1.ll S s . o 271-853
be tagged with acoustic
transmitters, allowing White Catfish 29 282 240-365
them to be detected by Channel Catfish 18 447 322-572

an array of stationary
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2. The following is a photograph of surgery being Publications and Presentations
performed on a largemouth bass. The results include only one year of data, so no
— peer reviewed publications have been submitted
yet. However, these preliminary results have been
presented at the following conferences, workshops
and seminars.

1. Interagency Ecological Program Workshop
(Folsom, CA) — March 2015

2. Watershed Program Meeting, Northwest Fisheries
Science Center (Seattle, WA) — December 2014

3. Eco-Lunch Seminar, University of Washington

3. Fish movement is recorded with stationary (Seattle, WA) - October 2014
acoustic receivers. These were downloaded twice in )
August and December of 2014, resulting in over 3 4. Bay-Delta Science Conference (Sacramento, CA) -
million detections of tagged fish. October 2014

4. Trajectories of individual fish were plotted to
examine upstream and downstream movement
patterns. Here is an example of one striped bass
movement trajectory indicating many upstream
and downstream (back and forth) movements.

30+ Striped bass
£25{ n=1 Q‘Eé(”
220 |‘ -

I

215 U
510
50 ] h ||

011 —

Jun Jul Aug
Date

5. The amount of time that fish spent in different
reaches was calculated. Here is an example of the
relative time spent at each reach for a subset of fish
captured at reach R2. This shows that most species
spent time near their capture location (WC = white
catfish, LMB = largemouth bass, CC = channel
catfish, and SB = striped bass).

North

)

Downstream A3 7:__
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Description

A number of factors could be responsible for the
decline in fitness of hatchery-reared steelhead,
including: inbreeding, hatchery-induced selection,
and environmentally-induced epigenetic changes
that are heritable across generations. Understanding
the degree to which the loss of fitness in hatchery-
reared steelhead is caused by genetic selection for
traits that are maladaptive to the wild, or caused

by environmentally-induced heritable epigenetic
changes that become fixed in the germ line and
passed to subsequent generations is critical to
management of how captive breeding programs or
hatchery supplementation programs are conducted.

In this study we are conducting a genome-

wide assessment of genetic differences between
hatchery and natural origin fish in this system, and
determining if early rearing environment and origin
of the fish show different epigenetic signatures

(e.g., alteration of DNA methylation) that might

be heritable. The questions that we are asking
include: 1) Are there fundamental differences in the
epigenome between hatchery and natural origin fish?
2) Are any observed differences in the epigenome
persistent across rearing environments? 3) Does
environment play a greater role than background
genetics on epigenetic signatures? 4) Does variation

in the genome between hatchery and natural origin
fish, potentially as a byproduct of selection in
hatcheries, associate with differences that we see in
the epigenome?

Objectives

1. Characterize the epigenome (DNA methylation
patterns) of sperm and red blood cells collected
from hatchery and natural origin adult Methow
River Steelhead.

2. Characterize genomic DNA variation in hatchery
and natural origin adult Methow River steelhead.

Accomplishments

1. Initiated characterization of genetic variation in
the genome of natural and hatchery origin adult
steelhead — Methow River natural and hatchery
origin adult steelhead spawning in spring 2014
(107 samples) were collected and genetic analysis
was conducted by - restriction site associated
DNA (RAD) sequencing of genomic DNA. This
technique examines sequence variation across
the whole genome. The sequencing has been
completed and data analysis is ongoing. We expect
this analysis to be completed by summer 2015.
Preliminary analyses using thousands of single
nucleotide polymorphism (SNPs) in the genome
do not depict any obvious differentiation of
hatchery and natural origin fish on the whole, but
ongoing analyses are in progress to evaluate this at
a finer scale.

2. Initiated analysis of epigenetic variation in
sperm from natural and hatchery origin adults
— We collected gametes and red blood cells
from returning adult steelhead in April 2014.
Two genome-wide high throughput sequencing
methods — Reducted Representation Bisulfite
Sequencing (RRBS) and methylated DNA
immunoprecipitation sequencing (MeDIP-Seq)
— are being used to evaluate DNA methylation
patterns to determine if variation in epigenetic
programming associates with genetic background
or rearing environment. Data on a subgroup of
samples has been obtained and are currently being
analyzed. Preliminary analyses have identified
differences in DNA methylation between natural
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and hatchery origin steelhead. We expect the initial
analysis of this data to be completed in June, and
the remaining samples will be analyzed by Summer
2015.

A no-cost extension was granted due to a delay in
funding. All of the objectives are currently being met,
and we will continue to work through the summer to
complete these objectives.
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Bateson — Department of Mechanical Engineering

William Lehr - Emergency Response Division,
National Ocean Service

Healthy Oceans
Resilient Coastal Communities and Economies

The goal of this project is to provide NOAA’s
Emergency Response Division with a better
understanding of the physics that determine

oil droplet and gas bubble size distributions in
underwater blowout conditions. Models derived
from carefully controlled laboratory experiments
will provide quantitative capabilities to the effort of
determining the fate of oil from underwater oil spills.

Air and liquids of different physical properties
(density, viscosity and surface tension) have been
injected coaxially with a high Reynolds number jet
inside a large water tank. Bubble and droplet breakup
has been studied and correlated with the velocity
field in the jet, measured a priori with Particle Image
Velocimetry. The statistics of the turbulent flow, mean
velocity, turbulent fluctuations (rms) and shear values
across the jet and a function of distance downstream
have been measured.

1. To provide experimental evidence of gas bubble
and oil droplet breakup in high Reynolds number
turbulent flows.

2. To analyze the data to understand the mechanisms
that lead to breakup, and determine the daughter
size distribution for different values of the physical
properties of the discrete phase (bubbles and
droplets) and of the turbulent flow characteristics
(turbulent dissipation rate, length scales, mean
shear rate, etc.).

3. To create quantitative models to include these
mechanisms in large computational codes that
simulate the global physics, but contain only a
highly parameterized picture of the microphysics
that control the breakup processes.

We have captured the high-speed dynamics of
ligament formation and break up of viscous liquid
droplets in a turbulent jet. The transient and final
(frozen state) distributions of droplets have been
characterized as a function of the jet turbulent
dissipation rate (a function of the jet Reynolds
number and the location of injection of the

droplets). The breakup time has been modeled as the
summation of three processes that occur in series:
droplet deformation by energetic eddies, ligament
formation once the droplet deformed in the previous
stage is strained by the large scale shear present in the
jet mean velocity profile, and breakup of the ligament
into smaller droplets, once the ligament has thinned
under the shearing to a diameter small enough for
capillary breakup into multiple approximately equal
droplets (a la Raleigh-Plateau) or the collision with a
small eddy has enough energy to deform the surface
of the ligament and rupture it into two droplets.
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Deformation to Stretching Transition:
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Figure 1. Ligament aspect ratio (post Gaussian filter). Blue points
represents deformation to stretching transition
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Figure 2. D(AR)/dt along breakup path. This is used to determine
D-S transition by taking the first point below zero (searching from
peak backward in time)

Stretching Time:

Stretching time is modeled as (In(ET/EL)BU - In(ET/
EL)DS)(du/dr)-1. ET is the equivalent thickness

and EL is the equivalent length of the ligament. The
subscript BU represents pre-breakup point and the
subscript DS represents D-S transition.

This model has been validated against the
experiments and the dependency of the different
times on the physical properties of the fluids and the
jet has been established. Additionally, the probability
of the breakup occurring in a given region of the

jet has been computed from the experimental high-
speed video. Unlike in previous models, where the
breakup frequency was the inverse of the breakup
time (assuming all drops break in the flow, and it is
only a matter of how long it takes), we have measured
the probability of this event happening in this flow.
The nature of viscous drop breakup is such that the

breakup frequency is a conditional probability of the
drop breaking multiplied by the inverse of the time
it takes when it does happen. This last probability

is strongly dependent on the drop viscosity, unlike
the other variables in the model (breakup time,
number of resulting droplets after breakup, droplet
size distribution resulting from the breakup) which
are only weakly dependent on the Ohnesorge
number (characteristic time for deformation due to
viscosity over characteristic time for returning to the
equilibrium shape due to surface tension). This is a
very counter-intuitive result, and contributes to the
difficulty that has historically hindered the efforts to
model breakup of viscous drops in turbulence.

Breakup Probability:
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Figure 3. Dependency on viscosity ratio. The curve fit is based on c1

*Vin(0.25) + c2.
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Figure 4. Dependency on jet flow rate. The curve fit is based on
c1*gj and c2*gj”2.

Since at gj = 0, the breakup probability (BUP) =

0, there is no constant term on the curve fit. It
appears qj2 is a better fit. Combining the Vi and qj
dependency, we get qjA2(c1*Vir0.25 + ¢2). Using
cl=-5.4e-3 and 2 = 2.3e-2.
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The model on the previous page is purely empirical.
According to the literature, the breakup probability
can be modeled as exp~(-Ec/Et), where Ec is the
confinement energy and Et is the disrupting energy
(or turbulent kinetic energy of the eddies in our case).
Instead of using the energy argument, we tried to use
the dynamic approach, where the breakup probability
is modeled as exp/(tau_c/tau_The figures below show
two different models for the stress ratio (tau_c/tau_t).

ae
0.18 T T T
© O O Re = 45k
O O Re = 60k
0.16 | ssmsmsmmis e o aauad S - H
£ 5 — Exponential fit, a=0.126, b=25.7
014} e - e =
0.12

Breakup probability
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Figure 5. Dependency of breakup probability on Hinze-Kolmogorov
stress ratio.
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Figure 6. Dependency of breakup probability on an alternative
stress ratio that does not depend on surface tension and doesn't
have the classical k*(5/3) inertial range dependency.

Comparing Figures 5 and 6, we can see the Hinze-
Kolmogorov stress ratio fits the data better than the
alternative scaling. Both can be fitted with a exp/ (-
bx), but neither exponential dependency with the
stress fits the data as well as the purely empirical
power law from Figures 3 and 4.

Daughter Particle Size Distribution:
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Figure 7. Daughter particle size distribution.
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Figure 8. Daughter particle size distribution. Diameter normalized
by original mother particle diameter.

The daughter particle size distribution can be seen to
be independent of the drop viscosity. There is a small
dependence on flow rate. When the size distribution
is normalized by the mother particle diameter, the
data from the three different flow rates collapses.
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Number of Daughter Particles:
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b
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Figure 9. Number of daughter particles for each test. Red: Re=45k,
Green: Re=60k, Blue: Re=80k. Test1 to Test4 represent Vi =10, 63
118 and 233. Test 5 to 6 represent Vi = 63 and 118 with the addition
of 100 ppm of X-100 (about half the surface tension).

Two presentations have been given at conferences:

1. APS 67th DFD Meeting. San Francisco, CA.
USA. Experimental Studies of the Dynamics of
Breakup for Immiscible Liquid Droplets in a Sheared
Turbulent Flow. November 23-25, 2014.

2. APS 67th DFD Meeting. San Francisco, CA.
USA. Three Dimensional Tracking of Two-Particle
Dispersion in a Turbulent Jet. November 23-25,
2014.
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Healthy Oceans

Physical and chemical interactions between the
oceans and solid earth, and the ecological effects of
those interactions are of great interest to scientists in
the College of the Environment at the University of
Washington and at the Pacific Marine Environmental
Laboratory (PMEL). More than 70% of the volcanic
activity on Earth occurs below the ocean surface,
with significant implications for ocean chemistry

and ecology. Research within the Earth-Ocean
Interaction (EOI) group is focused on understanding
and quantifying the impact of submarine volcanism
on ocean ecosystems. The approach includes global
exploration and mapping, mineral and biological
resource discovery and characterization, and detailed
studies of physical, chemical, and biological processes
from the sub-seafloor up into the ocean water
column. By addressing ocean acidification, global
biogeochemical cycles, microbial ecology, technology
development, long-term ocean observations,

and resource discovery, the EOI group conducts

scientific studies that address NOAA strategic goals
and are important to society and a broad scientific
community.

1. To explore the deep ocean to locate and
characterize neovolcanic areas, their associated
hydrothermal ecosystems, and their impact on
global ocean biogeochemistry.

2. To understand the interplay between biodiversity,
the chemical environment of deep ocean habitats,
and the structure and function of deep ocean
ecosystems.

3. To understand ocean acidification, especially
at sites acidified by volcanic and hydrothermal
activity.

4. To assess the impact of the chemical exchange
between solid earth and the oceans, especially
that associated with submarine volcanic and
hydrothermal activity.

Objective 1 — Accomplishments in Exploration:

The EOI program studies submarine volcanic and
hydrothermal systems and their impacts on ocean
chemistry and ecosystems through multi-year
projects funded by NOAA Ocean Exploration,
NOAA-PMEL, and the National Science Foundation.
This year we highlight the Mariana Arc and the
Southern Ocean.

Mariana Arc and Back Arc - The submarine volcanic
and hydrothermal systems of the Mariana Arc have
been studied by EOI since 2003, and our work
there influenced the creation and definition of the
Marianas Trench Marine National Monument.
From November 29 to December 21, 2014, the EOI
program participated in the Submarine Ring of Fire
2014 - Mn Cruise (SRoF-Fe-Man), which visited
multiple sites along the arc to address three major
foci: 1) quantifying the chemical flux from erupting
submarine volcanoes; 2) understanding the ecology
of microbial mat systems driven by a novel class

of iron-oxidizing bacteria (Zeta-Proteobacteria)

at hydrothermal vents; and 3) understanding how
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carbon dioxide (CO,) from active submarine
volcanoes acidifies local marine environments,
and how that in turn affects the unique biological
communities living around the vents (discussed
under Objective #3 below).

Hydrothermal and Eruptive flux — One objective of
this cruise was to estimate the flux of hydrothermal
chemicals including iron, manganese, sulfur,
hydrogen, methane, and helium coming from an
actively erupting submarine volcano. To accomplish
this we used a combination of current measurements
and conductivity, temperature, and depth (CTD) tows
downstream of the volcanic source and perpendicular
to direction of the currents. Although our initial
target, NW Rota, was no longer erupting, hydrocast
surveys during the cruise indicated that the Daikoku
submarine volcano was in a state of active eruption,
and ocean currents around the volcano were strong

21.35°N

Latitude

21.30°N

144.15€ 144.20 °E
Longitude

Figure 1. Hydrothermal Plume from the erupting Daikoku Volcano.
A. pH and Oxidation Reduction potential along the tow line.

B. Section of Optical Backscatter in NTUs north of Daikoku submarine volcano.
C. Bathymetric Map of Daikoku volcano with tow lin ein black and vectors

indicating current direction and magnitude in red (up is north).

ORP i

and consistently in the northern direction (Figure
1). We conducted a towed hydrocast from west to
east, perpendicular to the flow of the currents, thus
allowing us to get a plan view measure of the eruptive
plume (Figure 1). Samples were collected for each
of the chemical species of interest. By combining
the cross sectional intensity with flow rate across
the plane, we expect to calculate the flux of a given
chemical species of interest from the erupting
volcano. This will be a first ever direct measurement
of the flux of hydrothermal chemicals from an
erupting volcano.

In April 2014, eruptive activity at Ahyi submarine
volcano was detected by hydrophone data and
explosions that were heard and felt by SCUBA divers
in the water 50km to the south. Mapping and water
column surveys conducted by us in May confirmed
a summit eruption. In December, during the SROF-
FeMan cruise, Ahyi was producing intense
" hydrothermal plumes. We took advantage of
consistent northerly currents that enabled
us to estimate the flux of hydrothermal
products coming from the summit at that
time. Hydrothermal efflux from the shallow
summit of Ahyi impacts surface-ocean
processes; understanding the impact of
hydrothermal and volcanic activity on other
parts of the ocean is part of a broader effort
on our parts.

Magmatic gas bubble flux - In 2014 we
published the results of a study in which we
used mid-water multi-beam data to image
and observe CO, bubbles being emitted by
NW Rota-1in 2010 while it was in an active
state of eruption. This capability was put to
use during the SRoF FeMan cruise where
the observed efflux of bubbles from Daikoku
Volcano confirmed our water column
observations of an ongoing eruption.

Southern Ocean exploration — The
Australian-Antarctic Ridge (AAR) is one of
the largest unexplored regions of the global
mid-ocean ridge system. In 2013 we used

the Korean icebreaker Araon to explore for
hydrothermal activity along two first-order
ridge segments on the AAR. These segments
— KR1 and KR2 - lie between 151°E, 60°S and
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Figure 2. Interactive time-series sampler deployed at Grotto vent
site in the Main Endeavour Field, Juan de Fuca ridge, for NEPTUNE
Canada.

161°E, 62°S, one of the most southerly portions of the
Circum-Antarctic ridges. We found abundant active
venting on the shallowest portions of both segments.
The chemistry of the venting fluids on KR1 is similar
to that found on other intermediate-rate spreading
ridges. The presence of yeti crabs in this ridge raises
the possibility that all southern ocean ridges might be
biogeographically connected. A paper reporting the
results (Hahm et al.) has been submitted.

Objective 2 - Accomplishments in Ecosystem Studies:

Ocean Observatories — EOI scientists have completed
17 years of continuous monitoring at Axial Seamount
with the NeMO observatory, and have now captured
a complete volcanic cycle spanning the 1998 and
2011 eruptions at Axial. With joint funding from
NOAA, the Gordon and Betty Moore Foundation,
and the Office of Naval Research, the NeMO-2014
cruise continued the longest ongoing time-series

for a hydrothermal site. The successful deployment
of a deep-sea incubator capable of culturing high-
temperature microbes at ambient pressure was

a major accomplishment in 2014. Ben Larson
contributed significantly to the assembly, testing,
and deployment of the incubator. This unique

new instrument utilized the technique of in-situ
Stable Isotope Probing (SIP), whereby *C-labeled
bicarbonate is incorporated into an actively growing
microbial community, preserved in-situ, followed
by sequencing of the isolated, isotopically enriched
RNA (ribonucleic acid) fraction. The SIP technique
is new and has never been attempted on the seafloor.
The successful deployment of the in-situ incubator
is a significant technical achievement, and the initial

results are being analyzed for publication.

David Butterfield’s first-generation interactive water
sampler for chemical time-series was deployed

at a submarine hydrothermal vent site for Ocean
Networks Canada from 2010 through 2014 (Figure
2). Most of the chemical analysis has been completed,
and research to link earthquakes, flow rates, and
chemical processes is underway.

Construction of the Ocean Observatories Initiative
(OOI) Cabled Array (formerly Regional Scale
Node-ORION-NEPTUNE) is complete, with core
instruments installed and sending back data by fiber-
optic cable. The Cabled Array data is expected to be
available to the scientific community in June or July of
2015, pending completion of work by the OOI Cyber-
Infrastructure team. EOI scientists have contributed
instruments and scientific expertise to this effort,
delivering three next-generation interactive samplers
for time-series chemistry and microbiology in early
2014. Ninety scientists from the U.S., Canada, China,
and Europe attended a workshop (April 20-22, 2015)
to discuss the potential for advancement of science

at Axial, and there was great enthusiasm for the
prospect of integrating historical and new physical,
chemical, and biological results. Within 48 hours

of the completion of this workshop (and as this
report was being written), geodetic sensors on Axial
detected a 2-meter drop in the summit depth, which
is similar to the drop during the last eruption in 2011.
This is consistent with a volcanic dike injection, and
possibly a lava eruption.

Objective 3 — Accomplishments in Ocean
Acidification:

The long-term increase in atmospheric carbon
dioxide and the consequent increased CO, content
and lowered ocean pH raise serious concerns about
the future habitability of the oceans for many species
with critical ecological importance to our planet.
There is a huge uncertainty in how ocean acidification
will affect marine life. Can animals adapt to higher
CO, and lower pH? Which species will survive, and
which will perish?

The EOI group has promoted the concept of

using shallow volcanic CO, venting sites to study
communities chronically exposed to low-pH
conditions in the natural environment. NOAA ship
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time was awarded to PMEL in 2014 for a study

of volcanic ocean acidification within a coral reef
environment at Maug Island in the northern Mariana
islands (Figure 3). The cruise was made possible

by supplementary funding from the NOAA Ocean
Exploration and Research program, and cooperation
of the Pacific Island Fisheries Science Center and
other collaborators. Four JISAO scientists (Butterfield,
Larson, Roe, Buck) and two UW graduate students
(Pamela Barrett and Susanna Michael) participated
on this cruise. Sampling and surveying by SCUBA
divers, combined with in-situ pH sensors, current
measurements, and water column profiling were

used to study volcanic ocean acidification in and
around Maug caldera. A summer research intern with
the NOAA Hollings program worked on analysis

of iron-rich sediments
from the Maug vent sites,
and presented results

in Washington, D.C. in
August. Data collected on
this cruise show that there
are significant gradients in
pH and calcite saturation
around the hydrothermal
vent sites and that arsenic is
concentrated on the iron-
rich particles produced

by the warm water.
Collaborating scientists

are conducting active coral
transplant and growth
experiments to assess the
impact of acidified water on
coral reef ecology.

Carbon dioxide and other
acidic gases emitted by
submarine volcanoes drive sub-
seafloor reactions that dissolve
iron from the ocean crust and
transfer it to the seafloor and
overlying water column. This
process was prominent in the
shallow vent system at Maug,
and was also the major process
of interest during the SRoF-
FeMan cruise in December
2014. Iron-oxidizing bacteria
are specialized to occupy the
seafloor transition from anoxic to oxic conditions,
and their iron-oxide secretions are recognizable and
may be preserved in the fossil record for billions

of years. The Hydrothermal Fluid and Particle
Sampler was used to collect coordinated samples for
chemistry and microbiology within microbial mat
habitats dominated by iron-oxidizing bacteria, and
to conduct pH surveys near the seafloor. Despite
severe technical problems with the ROV (remotely
operated underwater vehicle) and rough weather, we
were able to collect a good suite of samples and will
be collaborating with microbiologists from Western
Washington University and Bigelow Labs in the next
year to improve understanding of the ecology of iron-
oxidizing microbial communities.

Figure 3. The 200-m deep caldera at Maug hosts deep hydrothermal vents, a vibrant coral reef
community, and shallow gas vents along the inner shorelines of the east and north islands. a) SCUBA
divers collect gas bubbles and warm water venting near the east island of Maug during the May 2014
expedition on NOAA ship Hi'ialakai to investigate volcanic ocean acidification within a healthy coral
reef environment in the northern Mariana Islands. b) Diverse coral communities are common in areas
not affected by hydrothermal venting. Photos by Stephani Gordon.
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Figure 4. Interpolated zonal concentration section of dissolved Fe (DFe) from the Geotraces Eastern

Pacific Zonal Section cruise.

Objective 4 - Accomplishment on the Impact of
Chemical Exchange Between Solid Earth and the
Oceans:

The chemical composition of the oceans is altered by
the interaction between the solid earth and the ocean.
This takes place by a variety of processes including
hydrothermal activity, the deposition of aerosols to
the surface ocean, and the exchange between the
ocean margins and coastal waters. Of particular
interest is the impact of these processes on iron in the
ocean. Iron availability limits primary productivity,
and thus iron supply may control the fixation of CO,
and its export from the atmosphere to the deep ocean
and sediments via the export of ocean productivity
from the surface ocean. In this section we report on
these processes through basin scale surveys in the
Atlantic, Pacific, and Indian Oceans.

U.S. GEOTRACES Eastern Pacific Zonal Transect
(EPZT) - Hydrothermal venting along mid-ocean
ridges exerts an important control on the chemical
composition of seawater by serving as a major
source for a number of trace elements. We examined
dissolved iron, manganese, and aluminum collected
during the Geotraces Eastern Pacific Zonal Section.
The long-standing paradigm that most dissolved
iron discharged by hydrothermal vents is lost from
solution close to its source is challenged by our
observation of the extraordinary lateral transport
of hydrothermal dissolved iron, manganese, and
aluminum from the Southern East Pacific Rise
(SEPR) > 4000 km westward into the South Pacific
Ocean (Figure 4). The dissolved iron exhibits
unexpectedly conservative behavior, indicating

a much longer lifetime than previously assumed.

Global-scale model
simulations suggest that
some form of stabilization
2 of the hydrothermal iron

is required to enable its
long range transport, and

1 indicate that this iron has
significant impacts on the
oceanic iron budget and on
carbon export production in
the Southern Ocean where
phytoplankton growth is
limited by iron supply.
These data are reported in
Resing et al 2015.

Dissolved Fe

25

Fe (nM)

0.5

North Atlantic Ocean, Trace Metals on the CLIVAR/
Repeat Hydrography Section A16N. In 2013 we
reoccupied the A16N CLIVAR line through the
Atlantic Ocean, collected data on dissolved and
particulate iron and aluminum, and compared these
data to those collected by us in 2003 (Barrett et

al., 2015). We estimate that deposition of Saharan
dust to surface waters in the eastern North Atlantic
increased by approximately 15% between 2003 and
2013, and that increased concentrations of dissolved
aluminum in subtropical mode waters suggest that
dust deposition may have increased in the western
Atlantic as well. Our observations are generally
consistent with recent reports linking increasing sea
surface temperatures in the tropical North Atlantic
to increased precipitation resulting in enhanced
scavenging of dust from atmosphere over the past
decades.

Indian Ocean CLIVAR Repeat Hydrography 108, 109,
105, 106 — We examined dissolved and particulate iron
and aluminum chemistry in the upper 1000m of the
Indian Ocean on four separate basin scale sections.
We found that dust deposition, riverine flow, and
interactions with sediments at the ocean bottom
were important sources of iron and aluminum to the
Indian Ocean. Ultimately, it was the major oceanic
currents that were responsible for the distribution

of these elements throughout the Indian Ocean. The
results from I8S/I9N are summarized in Grand et al
2015a and 2015b.
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NOAA bears a national responsibility to address
issues of public safety and economic costs associated
with extreme weather and ocean hazards and, in
particular, to “Increase Lead Time and Accuracy for
Weather and Water Forecasts” Tsunami waves, having
the potential for devastating effects, can in many
cases be detected well in advance of coastal impact,
and clearly fall within that mandate. Following the
horrific Indian Ocean tsunami of December 2004,
the U.S. Congress passed the Tsunami Education
and Warning Act which identifies four activities -
tsunami forecast and warnings, mitigation, research,
and international coordination — which can further
future preparedness.

Important contributions to each of these activities
take place at the NOAA Center for Tsunami Research
(NCTR) at the Pacific Marine Environmental
Laboratory (PMEL) in Seattle through the
collaborative efforts of NOAA and the JISAO/UW
scientists in the Tsunami Research Program. NCTR

is comprised mainly of JISAO/UW scientists. Basic
research into tsunami generation, and numerical
modeling of propagation and inundation provide

the basis for forecasting, and the SIFT (Short-term
Inundation Forecasting for Tsunamis) tool, developed
at NCTR, is employed at NOAA’s Tsunami Warning
Centers, which have the operational responsibility
for disseminating timely warnings. Input to the
forecast system is provided by an array of bottom
pressure recorders, in the Pacific, Atlantic, and Indian
oceans, which detect and report in real time the
passage of a tsunami wave. The instruments, called
DART"s (Deep-ocean Assessment and Reporting of
Tsunamis — developed at PMEL) are deployed and
serviced by the National Data Buoy Center. Array
studies, conducted at NCTR, assist in the choice

of the optimal locations for the DART® buoys and
assessment of the impact of instrument outages.

Other aspects of NOAA’s tsunami-related activities
include the U.S. National Tsunami Hazard Mitigation
Program (NTHMP), a Federal/State collaborative
partnership of NOAA, the U.S. Geological Survey,
the Federal Emergency Management Agency, the
National Science Foundation, and the Emergency
Management and Geotechnical agencies of U.S.
coastal states. Modeling efforts at NCTR facilitate risk
assessment for exposed communities and existing or
planned infrastructure. Public education, both within
the U.S. and internationally, training and capacity
building for scientific and emergency planning and
response, and the development of partnerships, are
vital to combating the tsunami threat. NCTR seeks

to achieve these goals through presentations and
workshops worldwide. In particular, modeling and
forecast tools are customized to facilitate this mission
and establish warning services for global coastal
communities.

1. To provide scientific and operational support for
the tsunami forecast system SIFT for use at the
U.S. Tsunami Warning Centers (TWC) in Hawaii
(Pacific Tsunami Warning Center) and Alaska
(National Tsunami Warning Center).

2. To continue development, testing and updating
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of the SIFT components,
specifically, high-
resolution forecast
models for U.S. coastal
communities.

. To conduct tsunami
hazard assessment
studies for several coastal
locations in collaboration
with State and Federal
partners.

. To develop new tools
for hazard assessment
and forecast, including
landslide-generated
tsunami modeling.

. To help develop tsunami
forecast and warning
capabilities in the Pacific,
Indian, and Atlantic
oceans in collaboration
with international
partners using community
modeling tools, including training, education, and
capacity building.

. Version 3.1.0 of the tsunami forecast software
SIFT has been updated at the National Weather
Service Tsunami Warning Centers to SIFT Version
3.2.2. The new version features a number of
enhancements over previous installations. The
most significant improvements are:

a. Enhancements to the forecaster’s work flow.

Completion of a full forecast from generation to 2.

inundation has been streamlined and simplified.

b. The ability to generate and disseminate
forecast results via kml files has been added to
SIFT, allowing forecast recipients to visualize
projected inundation areas using Google Earth
software.

c. The propagation database continues to be
optimized with two main features: The addition
of unit sources in areas susceptible to outer-
rise seismic events, and the computation of
unit source propagation on a global basin. This
last feature will allow the model to accurately
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Figure 1. Maximum wave amplitude in the Pacific Ocean associated with a hypothetical Mw=9.3
Cascadia Subduction Zone earthquake. The image shows maximum water elevation values in deep
water. Maximum values in coastal shallow waters will be significantly higher.

capture tsunami wave reflections that may be
lost in simulations over smaller domains.

d. Two new site-specific tsunami forecast models
are being developed for future inclusion in the
SIFT system: Bermuda and British Columbia
coastline.

e. A future feature development will allow for data
ingestion from non-DART, deep-water, sea-level
monitoring networks, such as the Canadian
network NEPTUNE.

The Tsunami Research Program has continued to
lead several Tsunami Hazard Assessment projects
for different state and federal Agencies.

In collaboration with Washington State Emergency
Management Division (WA EMD), two tsunami
hazard assessments in the Puget Sound area

are being developed for the localities of Seattle

and Tacoma. This new hazard assessment will
evaluate the exposure of both communities to

a tsunami generated by a large seismic event

along the Cascadia subduction zone. This project
is expected to continue into fiscal year 2016

with the development of similar studies for the
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communities of Anacortes/Whidbey Island and
Bellingham. A proposal to fund the second stage
of the project has been submitted to the National
Hazard Mitigation Program (NTHMP) for
evaluation. In addition to the on-going hazard
mitigation studies, NCTR in conjunction with WA
EMD has spearheaded the formation of a Puget
Sound Maritime Group, comprised of different
stakeholder agencies such as the U.S. Coast Guard,
the Port Authorities, the Pilots Association, the
Federal Emergency Management Agency, and
other emergency management agencies at the
county and city level to address tsunami hazard
issues in the Puget Sound region.

NCTR continues to work closely with the U.S.
Nuclear Regulatory Commission (NRC) to
produce a final report on best modeling practices
for tsunami hazard assessment. A preliminary
report has undergone the first stage of reviews
by the NRC and is ready to be submitted for the
second stage of the review process.

A hazard assessment study for Buckner Bay in the
island of Okinawa has been completed for the U.S.
Navy. A final report has been submitted to the
Naval Oceanography Operations Command. The
study includes a detailed assessment of tsunami
impact on the Navy installation in White Beach,
including maximum tsunami wave heights and
tsunami currents.

. During the current reporting period, there has
been on-going refinement and additional features

- '
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.

added to the online tsunami forecast tool T-web to
improve its usability by NCTR, Tsunami Warning
Center staff, and other collaborators:

a. The National Tsunami Warning Center has
requested that T-web be targeted for operational
status for tsunami event information
dissemination with additional added features.

b. Both the Pacific PACIFEX 2015 and Caribbean
CaribeWave_2015 tsunami preparedness
exercises used T-web for tsunami forecast
information.

c. T-web is being used as the stand-in client for
the development of operational computation
of tsunami forecasts at the NOAA NCEP
computing facility.

d. Several T-web and T-web+ComMIT
(Community Modeling Interface for Tsunami)
presentations have driven requests for new
user accounts, and T-web is used regularly by
NCTR and Tsunami Warning Center staff and
international collaborators.

Ongoing development focuses on its role

as stand-in client for NCEP model runs,
operational event information dissemination,
usability, and additional features.

. NCTR and UNESCOQO’s International Tsunami

Information Center are leading a pilot project in
Central America, to provide tools and expertise
on Tsunami Hazard Assessment and Evacuation
Mapping to one Central American country (TBD).

This is a two-year funded

project focused primarily

on capacity building in

...  developing Central American

! nations, and will include the
organization of a ComMIT
workshop in the region that
will be open to all Central
American countries. It also
includes the development of
, new ComMIT features that
18 will facilitate the creation
' of evacuation maps from
modeling results.

EEE

Figure 2. Maximum tsunami wave amplitude and inundation in Elliot Bay (left) and Port of Tacoma
(right) due to a hypothetical Mw=9.3 Cascadia Subduction Zone earthquake.
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Figure 3. Maximum tsunami amplitude at Okinawa tide gauge for magnitude (a) 7.5, (b) 8.2, (c) 8.9 and (d) 9.3 major subduction zone
earthquakes in the Pacific Ocean. Colors indicate the first arrival time at the station.

5. NCTR’s cooperation with the University of Malaga,
Spain has resulted in a new Compute Unified
Device Architecture (CUDA) version of NCTR’s
tsunami inundation code capable of executing
tsunami propagation and inundation simulations,
using Graphics Processing Unit (GPU) instead of
Central Processing Units (CPU). This has resulted
in speed-up of the inundation simulations by as
much as 20 times compared with the standard
CPU version. This is a major advantage in
producing timely tsunami forecasts that now
needs to be incorporated into the operational SIFT
system.

6. NCTR participated in the NTHMP Mapping
and Modeling Benchmarking Workshop held in
Portland, OR in February, 2015. The workshop was
designed to assess current modeling capabilities
to accurately simulate tsunami-induced currents
under controlled and real scenarios. NCTR
scientists completed and presented results for all
proposed benchmark problems, and are currently
working with the workshop organization on the
publication of a report with final results from all
participants.

7. No major tsunami events have occurred during
the reporting period; however, NCTR’s staff has
continued to respond to, and investigate smaller
events of which the Mw 7.3 Nicaragua event of
October 14, 2014 was the most significant.

8. Two additional training workshops using the
ComMIT were conducted during the current
reporting period in Suva, Fiji and Honolulu,
Hawaii. The next ComMIT workshop is scheduled
to take place in Central America (TBD) during the
summer of 2015.
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NOAA has deployed a series of Deep-Ocean
Assessment and Reporting of Tsunamis (DART)
buoys, primarily in the Pacific Ocean, that can
directly record the passage of a tsunami over a
pressure detector mounted on the bottom of the
ocean. These buoys are strategically placed in the
ocean off of coastlines where earthquake-generating
tsunamis have occurred historically, or are predicted
to be likely to occur. Data collected in near-real
time by DART buoys that are off-shore from an
earthquake reflect the start of a tsunami and can

be used to predict the impact of the tsunami along
U.S. coastal communities away from the earthquake
site. While very large tsunami-generating events will
lead to an order to immediately evacuate, there is a
need to assess the impact of moderate-sized events
and judiciously issue evacuation orders, with the
realization that false alarms carry a cost to society.
Since it is not possible to predict the impact of a
tsunami perfectly, it is necessary to use statistical

1.
2.
3.

4.

methods to evaluate the possible impact of a tsunami.

The most relevant statistical measure is a confidence

interval (CI) that quantifies how large a tsunami event

is likely to be when it reaches a coastal community.
Such a CI necessarily depends upon the uncertainty
in the estimated tsunami source amplitudes, which
are intermediate measures of interest.
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To estimate tsunami source amplitudes.
To produce CIs for the true unknown amplitudes.

The estimation of the amplitudes must not only be
reliable, but also use methods that allow them to be
computed as rapidly as possible.

The estimated amplitudes are to be based upon
fitting data collected in near-real time by the
DART buoys to a database of pre-computed
models for what these buoys would observe from
a magnitude 7.5 reverse thrust earthquake located
within a unit source.

. The scientists wrote a paper that appeared in June

2014 that summarized their study of an elastic
net-based method for automatic selection of

unit sources: D.M. Percival, D.B. Percival, D.W.
Denbo, E. Gica, P.Y. Huang, H.O. Mofjeld and
M.C. Spillane (2014), “Automated Tsunami Source
Modeling Using the Sweeping Window Positive
Elastic Net,” Journal of the American Statistical
Association, Vol. 109, No. 506, pp. 491-499.

. The scientists revised and completed a paper that

summarizes a comprehensive study of different
methods for handling tides from DART buoy
data when such data are used to estimate tsunami
source amplitudes: D.B. Percival, D.W. Denbo,
M.C. Eble, E. Gica, P.Y. Huang, H.O. Mofjeld,
M.C. Spillane, V.V. Titov and E.I. Tolkova (2015),
“Detiding DART Buoy Data for Real-time
Extraction of Source Coefficients for Operational
Tsunami Forecasting,” Pure and Applied
Geophysics, in press (but available electronically as
of 22 November 2014 from the journal’s website).
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NOAA’s Tsunami Warning Centers use data collected
in near-real time to detect tsunamis and then to
predict their impact at U.S. coastal communities.
The data are collected by a network of sensors
consisting primarily of Deep-ocean Assessment

and Reporting of Tsunamis (DART) buoys placed

at strategic locations in the open ocean, and of tidal
gauges in coastal regions. The effectiveness of any
particular network (existing or under consideration)
depends upon many factors including the reliability
and geographical location of the various sensors,

the location of the potential tsunami sources, and
the location of the coastal communities. To sensibly
manage the network, there is a need to evaluate the
effectiveness of an existing network, particularly
with respect to proposed or unforeseen changes in
the network. The task at hand is to look at statistical
methods for evaluating the overall effectiveness of

a given network in terms of providing accurate and
timely predictions of coastal inundations. The first
step in this task is to define metrics to quantify how
well a particular network can predict inundations at
a particular location if all the sensors in the network
are fully functional. The second step is to consider
how to adjust these metrics to take into account the
historical reliability of the sensors in the network (i.e.,
to quantify the expected degradation due to sensors
being unavailable during a tsunami event). The third
step is to investigate ways to integrate the metrics for
particular locations into a metric that summarizes

the overall effectiveness of the network of sensors.
The fourth step is to consider how the performance
of an existing network of sensors will change when
the network of sensors is changed (e.g., by upgrading
equipment at an existing sensor location, by moving
a sensor to a different location, or by adding or
removing a sensor altogether).

1. To define metrics to quantify effectiveness of
particular sensors in a network.

2. To adjust metrics to take into account reliability of
SEensors.

3. To integrate metrics to provide overall evaluation
of the network of sensors.

4. To investigate how changes in the network alter its
overall performance rating.

The scientists prototyped the evaluation procedure by
focusing on the existing network of DART buoys, and
on predicting wave heights in the open ocean outside
of two representative coastal locations, namely,

Hilo, Hawaii, and Port San Luis, California. Three
complementary metrics were chosen to evaluate the
predicted wave heights:

1. The root-mean square (RMS) error in predicting
the maximum wave height;

2. The RMS error in predicting the power in the
wave heights maximized over sliding four-hour
windows; and

3. The cross-correlation between the actual and
predicted wave heights over the corresponding
four-hour windows with maximum power.

A procedure to generate and analyze an artificial
tsunami event was devised involving the following
elements:

1. A pre-computed geophysical model for what
would be observed at a given DART buoy due to a
standardized earthquake originating from within a
given 50 km by 100 km unit source;
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2. Creation of a perturbed model by combining the
originating model with one to three models from
adjacent unit sources, with weights for the two to
four models determined by randomly selecting a
point within the originating unit source;

3. Addition of noise to the perturbed model to create
an artificial tsunami event, where the noise consists
of actual tidal and background noise recorded by
the DART buoy (or a carefully selected surrogate)
under ambient conditions;

4. Estimation of the source coefficients from the
artificial tsunami event using constrained least
squares and a low-order polynomial to compensate
for the tidal component (this mimics the fitting
procedure embedded within NOAA/PMELs
(Pacific Marine Environmental Laboratory’s) SIFT
(Short-term Inundation Forecast for Tsunamis)
application; and

5. Use of the estimated source coefficients to predict
the wave heights in the open ocean.

For a selected DART buoy/unit source combination,
this procedure was carried out 1,000 times, each
time creating the artificial tsunami event using a
different perturbed model and a different (randomly
selected) set of noise. The three metrics were applied
to these 1,000 iterations to quantify how well data
from a particular buoy can predict wave heights at

a particular location (either Hilo or Port San Luis)
for a tsunami event originating at a particular unit
source. To date, this procedure has been used to
evaluate buoy/unit source combinations along the
Alaska/Aleutian chain, and off the coast of Chile.
The procedure was able to quantify the deterioration
in the quality of wave height predictions due to the
loss of particular buoys (and the improvement if
certain buoys that have either failed or been taken
out of operation were to be revived). Comprehensive
evaluation of the entire network of DART buoys is
forthcoming, and will provide the basis for a yet-to-
be-written report/paper.
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NOAA has deployed a series of Deep-ocean
Assessment and Reporting of Tsunamis (DART)
buoys that can directly record the passage of a
tsunami over a pressure detector mounted on the
bottom of the ocean. NOAA’s Tsunami Warning
Centers use data from these buoys to issue timely
warnings of inundation to U.S. coastal communities.
The analysis of this data is done using NOAA/PMELs
(Pacific Marine Environmental Laboratory’s) SIFT
(Short-term Inundation Forecasts for Tsunamis)
application. The tasks to be carried out under this
project focus on two aspects of the data analysis and
forecasts done by SIFT. The first task is to investigate
the possibility of fine-tuning inundation forecasts
that have been based on data from one or more near-
field buoys by using data subsequently collected by
far-field buoys. The data from near-field buoys can
be used to predict when a tsunami should arrive at

a far-field buoy. A key complication in using data
from the far-field buoy to fine-tune forecasts is that
there is an empirically observed systematic time shift
in the arrival time predicted for the far-field buoy
(the tsunami arrives at the far-field buoy later than
expected, with the discrepancy typically increasing
the farther the buoy is away from the location of

the tsunami-originating event). The second task is

to investigate how best to automatically select the
time windows for the DART buoy data to be used

in the inversion algorithm within SIFT. Currently
these windows are selected manually by operators at

the Tsunami Warning Centers, which can be time-
consuming and distract from the goal of issuing
timely warnings.

1. To explore possible explanations for the time shifts
observed in tsunami arrival times predicted for
far-field buoys.

2. To investigate ways of using data from far-
field buoys to fine-tune predictions of coastal
inundation.

3. To investigate methods for automatically selecting
time windows.

1. The scientists looked into the possibility that the
observed time shifts might be due to inaccuracies
in the bathymetry between a unit source and
a far-field DART buoy. Using the fact that the
propagation speed for a tsunami is proportional
to the square root of the depth of the ocean
over which it is passing — and making some
assumptions about bathymetric errors - led to an
expression saying that the observed data should
always come after the model, which agrees with
what is often observed in practice; however, rough
calculations suggest that the magnitude of the
inaccuracies in bathymetry needed to explain
the delays typically observed is too large to be
reasonable. A more detailed investigation into the
role of bathymetric errors is forthcoming.

2. The scientists subjected the observed far-field
time shifts from the 2010 Chile and 2011 Tohohu
tsunami events to a joint linear regression analysis,
where the predictor was distance from the source
of the tsunami generating event to the far-field
buoy. The linear model captured a reasonable
amount of variability in the data. A more detailed
examination involving other events is in the works.

3. The scientists started their investigation of
methods for automatically selecting time windows.
Simulation studies indicate that the time window
should optimally include one hour of DART data
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prior to the start of the passage of the tsunami
so that the tidal component can be adequately
modeled using a low order polynomial. Methods
for identifying the start of the tsunami event as
observed at a particular buoy, and the amount of
data to use in the inversion scheme are currently
under study.
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APPENDIX 6

Personnel Count

1 1

Faculty
Research Scientist 61 13 23 25
Visiting Scientist o
Postdoctoral Fellow** 10 10
Research Support Staff 14 9 5
Administrative o
Total (> or = 50%) 86
Undergraduate Students 13
Graduate Students 25
Employees receiving less than 50% NOAA support 71
Located at Lab 81 (PMEL), 7 (AFSC),
2 (NWFSQ)
Obtained NOAA employment within the last year 2

**an additional 8 PostDocs received less than 50% support
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S ..
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AAR ... Australian-Antarctic Ridge

ACC ... Alaskan Coastal Current

ADCP .......... acoustic Doppler current profiler

ADMSB ......... Automatic Differentiation Model Builder
AFS ... American Fisheries Society

AFSC ........... Alaska Fisheries Science Center

AGU ... American Geophysical Union

ANOVA ... analysis of variance

AON ... Arctic Observing Network

AOX ... Arctic Observations Experiment

ARCWEST . Arctic Whale Ecology Study
ASAMM ...... Aerial Surveys of Arctic Marine Mammals

AT . acoustic trawl

AUV ... Autonomous Underwater Vehicle

AXIB ............ Airborne eXpendable Ice Buoy

BC .o black carbon

BEST ............ Bering Ecosystem Study

BKC ............. blue king crab

BOEM ... Bureau of Ocean Energy Management

BSAT ........... Bering Sea Aleutian Islands

BSIERP ........ Bering Sea Integrated Ecosystem Research
Program

CAEP ........... Cetacean Assessment and Ecology Program

CAFF .......... Conservation of Arctic Flora and Fauna

CAPAM ....... Center for the Advancement of Population
Assessment Methodology

CASA ... computer aided analysis system

CBW ... constant beamwidth

CCHD ........ CLIVAR & Carbon Hydrographic Data Office

CESM .......... Community Earth System Model

CEC ... chlorofluorocarbon

CFES o Coupled Forecast System

CFSR............ Climate Forecast System Reanalysis

CFSv2 ... Climate Forecast System version 2

CHAOZ ....... Chukchi Acoustics, Oceanography, and
Zooplankton study

CHAOZ-X .. Chukchi Acoustics, Oceanography, and
Zooplankton Extension Study

(@) S confidence interval

CICCI-3 ...... Cooperative Investigation of Climate-
Cryosphere Interaction

CIG ..ooverreneene Climate Impacts Group

CKO .o Conservation Canine

CLIVAR ..... Climate Variability and Predictability

CMIP ........... Coupled Model Intercomparison Project

CNAP .......... California-Nevada Applications Program

CO2 ... carbon dioxide

ComMIT ..... Community Modeling Interface for Tsunami

CPC ... Climate Prediction Center

CPO ............. Climate Program Office

CPU ... Central Processing Units

CPUE .......... catch per unit effort

CRAN .......... Comprehensive R Archive Network

CTD ...cconeuue. conductivity, temperature, and depth

CUDA ... Compute Unified Device Architecture

CW e carapace width

DART ... Deep-ocean Assessment and Reporting of
Tsunamis

DBO ... Distributed Biological Observatory

Delta-GLMM .....delta-generalized linear mixed model
DHSVM ...... Distributed Hydrology Soil Vegetation Model

DIC ............. dissolved inorganic carbon

DOE. ... Department of Energy

DO-IT ......... Disabilities, Opportunities, Internetworking,
and Technology

EBS ... eastern Bering Sea

EcoFOCI ..... Ecosystems and Fisheries-Oceanography
Coordinated Investigations

EN .o Earth Networks

ENSO .......... El Nifio-Southern Oscillation
EOI ........... Earth-Ocean Interaction
ESA ... Endangered Species Act

ESRL/CSD .. Earth System Research Lab/Chemical
Sciences Division

EWS ... Easterly Wind Surges

EYH ... Expanding Your Horizons

FATE ........... Fisheries and the Environment

FLR ... Fisheries Library in R

FMP ............ Fishery Management Plan

FTIR ........... Fourier Transform Infrared Spectroscopy
FRAM .......... Fishery Resource Analysis and Monitoring
GC ... glucocorticoid

GESAMP ... Group of Experts on the Scientific Aspects of
Marine Environmental Protection
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GIS . geographic information system

GLM .......... Geostationary Lightning Mapper

Gmacs ......... Generalized Model for Alaskan Crab Stocks
GOA ... Gulf of Alaska

GOAIERP ... Gulf of Alaska Integrated Ecosystem
Research Program

GPU ........... Graphics Processing Units

GSI .. gonadosomatic indices

HONO ........ nitrous acid

HP ..o habitat preferendum

HRRR .......... High Resolution Rapid Refresh

HIS ....ccoeuee. hepatosomatic index

IABP ............ International Arctic Buoy Programme

IASC ............ International Arctic Science Committee

IBM ..cccoveueee individual-based model

IC s initial conditions

IEA ... Integrated Ecosystem Assessment

IOC ............ Intergovernmental Oceanographic
Commission

IOD ... Indian Ocean Dipole

IPCC AR4 ... Intergovernmental Panel on Climate Change,
Assessment Report 4

ISIIS ............. In Situ Ichthyoplankton Imaging System

ITQ . Individual Transferable Quota

IPHC .......... International Pacific Halibut Commission

IPY oo International Polar Year

ITAE ... Innovative Technology for Arctic Exploration

J-SCOPE ..... JISAO’s Seasonal Coastal Ocean Prediction
Experiment

KEO .......... Kuroshio Extension Observatory

LB-SPR ........ length-based spawning potential ratio

LDEO ... Lamont-Doherty Earth Observatory

LFDCS.......... low frequency detection and classification
system

LOC ... Lab-on-a-Chip

MARSS ........ mulitvariate autoregressive state-space

MeDIP-Seq . methylated DNA immunoprecipitation
sequencing

MEY ... maximum economic yield

MJO ............ Madden-Julian Oscillation

MMEN ........ Marine Mammal Expert Network
MMPA ......... Marine Mammals Protection Act
MODIS ........ Moderate Resolution Imaging

Spectroradiometer
MSE ............. Management Strategy Evaluation
MSM ............ multispecies stock assessment modeling

MSY ... maximum sustainable yield

N20 ... nitrous oxide

NANOOS ... Northwest Association of Networked Ocean
Observing Systems

NASA ... National Aeronautics and Space
Administration

NCAR ......... National Center for Atmospheric Research

NCEP .......... National Centers for Environmental
Prediction

NCTR .......... NOAA Center for Tsunami Research

NDBC.......... National Data Buoy Center

NF v North Fork

NGO ... non-governmental organization

NIDIS .......... National Integrated Drought Information
System

NIOD events ..negative Indian Ocean Dipole events

NMES .......... National Marine Fisheries Service

NMML ........ National Marine Mammal Laboratory

NOC ..o National Oceanography Centre

NOPP .......... National Oceanographic Partnership
Program

NPEMC ....... North Pacific Fishery Management Council

NPRB. ........... North Pacific Research Board

NRC ............. Nuclear Regulatory Commission

NSF v National Science Foundation

NTHMP ...... National Tsunami Hazard Mitigation
Program

NWESC ....... Northwest Fisheries Science Center

NWP ............ Numerical Weather Prediction

OAR.....ccou.. Office of Oceanic and Atmospheric Research

OceanSITES ..Ocean Sustained Interdisciplinary Time
Series Environmental Observatory

OCS ... Ocean Climate Stations Project
oor ... Ocean Observatories Initiative
Observing System Monitoring Center

Oregon State University

P4 . progesterone

PAG ............. Pacific Arctic Group

PAM ......c..... pulse amplitude modulated

PAR ... photosynthetically active radiation
PAWS ........... Polar Area Weather Station

PIFSC ......... Pacific Islands Fisheries Science Center

PIOD events ..positive Indian Ocean Dipole events

PIRATA ...... Prediction and Research Moored Array in the
Tropical Atlantic

PITAE .......... Program for Innovative Technology for
Arctic Exploration
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PMEL .......... Pacific Marine Environmental Laboratory

PNW ............ Pacific Northwest

POP ... persistent organic pollutant

QERM ........ Quantitative Ecology and Resource
Management

RACE ... Resource Assessment and Conservation
Engineering

RAD ............. restriction site associated DNA

RAMA ... Research Moored Array for African-Asian-
Australian Monsoon Analysis and Prediction

RAP ............ Rapid Refresh

REFM .......... Resource Ecology and Fisheries Management

RMS ............. root-mean square

RNA ... ribonucleic acid

RP .. Recruitment Processes

ROMS .......... Regional Ocean Modeling System

ROV .......... remotely operated underwater vehicle

RRBS .......... Reducted Representation Bisulfite
Sequencing

RUSALCA ..Russian-U.S. Long Term Census of the Arctic

SAFS ........... UW School of Aquatic and Fishery Sciences

SE6 .o sulfur hexafluoride

SIFT .. Short-term Inundation Forecasting for
Tsunamis

SIO .. Scripps Institution of Oceanography

SIP e Stable Isotope Probing

SiPN ... Sea Ice Prediction Network

SLP .. sea level pressure

SMEA ... UW School of Marine and Environmental
Affairs

SNP ... single nucleotide polymorphism

SOAR ........... Synthesis of Arctic Research

SOCAT ........ Surface Ocean Carbon Atlas

SRKW .......... Southern Resident killer whales

SRoF-Fe-Man ..Submarine Ring of Fire 2014 - Mn Cruise

SSC o National Scientific and Statistical Committee

NNILY single species models

SST i sea surface temperature

SSTA ... sea surface temperature anomaly

STEM .......... science, technology, engineering and
mathematics

SUNA ... submersible ultraviolet nitrate analyzer

SVP ... Surface Velocity Program

SWESC ........ Southwest Fisheries Science Center

T3 e thyroid

i AR testosterone

TAO ... Tropical Atmosphere Ocean

TB e terabyte

TDR ...coveuee. time-depth recorders

TRITON ..... Triangle Trans-Ocean Buoy Network

UAF ... Unified Access Framework

UAS ... unmanned aerial systems

UNH ............ University of New Hampshire

USIABP ....... U.S. Interagency Arctic Buoy Program

UW ., University of Washington

UWEC ......... University of Washington Fish Collection

WBAT ......... wideband autonomous transceiver

WA EMD .... Washington State Emergency Management
Division

WBT ... wideband sonar transceiver

WCGOP ...... West Coast Groundfish Observer Program

WHOI ......... Woods Hole Oceanographic Institution

WOAC.......... Washington Ocean Acidification Center

WRF Model ..Weather Research and Forecasting
Model

WWLLN ..... World Wide Lightning Location Network

XDB-SRA ... Extended Depletion-Based Stock Reduction
Analysis

XSSS Extended Simple Stock Synthesis
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