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Executive Summary

Scenario planning provides a structured framework that can be used in strategic planning
to help manage risk and prioritize actions (Schwartz 1996; Peterson ef al. 2003). By providing a
mechanism to communicate about complex situations, scenario planning encourages “out-of-the-
box” thinking to help groups assess the impacts of plausible future scenarios on a target or
resource. The outcomes from scenario planning can be used to improve management decisions,
highlight data gaps, and/or identify future science priorities (Star et al. 2015; Borggaard ef al.
2019).

The application of scenario planning by resource management organizations (e.g.,
Borggaard et al. 2019; Runyon et al. 2020; Star et al. 2015) and the urgency surrounding the
recovery of the critically endangered North Atlantic right whale (Eubalaena glacialis), led to a
2018 NOAA Fisheries scenario planning initiative for the species. In addition to complementing
the many management and conservation efforts already underway, this initiative was designed to
address the uncertainties around future anthropogenic and environmental changes and how these
uncertainties may impact species recovery.

We used a scenario planning framework to explore plausible future conditions for North
Atlantic right whales and to develop possible options to address those conditions and improve
recovery. Specific objectives were to: 1) better understand the challenges of right whale
management in changing conditions; 2) identify potential research activities and recovery needs
across the species’ range; 3) increase coordination and collaboration related to recovery efforts;
and 4) explore how scenario planning can be used to support decisions.

Using projected changes in ocean conditions coupled with anthropogenic stressors, we
built four plausible future scenarios for right whales. These scenarios helped identify priority
research and management actions that NOAA Fisheries and our partners can undertake to
improve right whale recovery. We identified priority actions related to science, management, and
partnerships including, but not limited to: 1) research shifting spatial and temporal distributions
of right whales and prey in a changing climate; 2) develop technology to further reduce impacts
from human activities; 3) continue ongoing management efforts related to vessel traffic and
fishing; and 4) maintain existing and develop new partnerships (e.g., industry engagement in
problem solving).

This scenario planning exercise helped prioritize North Atlantic right whale management
and science needs in light of changing ocean conditions and anthropogenic impacts. It can also
serve as a reference for how NOAA Fisheries and its partners can better prepare for multiple
plausible futures while complementing other on-going initiatives. Priorities identified here can be
considered in conjunction with implementation and monitoring actions such as with the Atlantic
Large Whale Take Reduction Team (ALWTRT) and/or regional Right Whale U.S.
Implementation Teams. The framework can also be repeated and improved upon as additional
information becomes available to support future exercises.



Introduction

Scenario planning is an effective tool to help inform natural resource management
decision-making in light of short- and long-term uncertainty (Rowland et al. 2014). The tool can
be used to generate and evaluate management options associated with adapting to, and managing
for, climate change (Moore et al. 2013), as well as other uncertain or unexpected changes in
environmental conditions or human activity (Rowland et al. 2014). Scenarios are not predictions
or forecasts. Thus, scenario planning does not have to be data intensive to be useful (Borggaard
et al. 2019). Instead, the use of scenarios help scientists and managers explore plausible
alternative future conditions to identify risks and generate/prioritize a range of management
options and research needs (Borggaard et al. 2019). Indeed, much of its value comes from the
structured discussions and conversations that the scenarios help frame. By providing a
mechanism to communicate about complex situations, scenario planning encourages “out-of-the-
box” thinking to help groups assess the impacts of plausible future scenarios on a target or
resource (Schwartz 1996; Peterson et al. 2003). Outcomes are typically used to improve
management decisions, highlight data gaps, and/or identify future science priorities, and often
complement other more data intensive modeling efforts (Star ef al. 2015; Borggaard et al. 2019).
The consideration of multiple futures makes scenario planning particularly useful for early and
broad risk identification, which can facilitate greater flexibility/adaptability of management
actions to changing conditions (Borggaard ef al. 2019).

In 2017, NOAA Fisheries piloted a scenario planning exercise for Atlantic salmon
(Salmo salar) to explore what the agency could do to improve the population’s resilience to
changing climate conditions in riverine, estuarine, and marine environments across its current
range (U.S. headwaters to Greenland) (Borggaard ef al. 2019). The active consideration of
climate change throughout the process resulted in multiple outcomes (see Borggaard et al. 2019
for full details), including the identification and integration of several priority actions into the
revised Atlantic Salmon Recovery Plan (USFWS and NMFS 2019). In addition, the pilot
demonstrated that the forward-looking scenario planning process was well aligned with long-
term recovery planning by providing scientists and managers a way to prepare for multiple
potential futures by implementing immediate and near-term actions. The success of this pilot,
and the urgency surrounding the recovery of the critically endangered North Atlantic right whale
(Eubalaena glacialis) [hereafter referred to as right whale], led to a 2018 NOAA Fisheries
scenario planning initiative for this species.

The effort described here used scenario planning to explore future conditions for right
whales and develop possible options to address those conditions to improve recovery. Specific
objectives were to: 1) better understand the challenges of right whale management in changing
conditions; 2) identify potential research activities and recovery needs across the species’ range;
3) increase coordination and collaboration related to recovery efforts; and 4) explore how
scenario planning can be used to support decisions.



This initiative and the outcomes provided here are meant to complement and enhance the
many important ongoing efforts to recover right whales.

North Atlantic Right Whale Overview

Right whales are listed as endangered under the Endangered Species Act (ESA) in the
United States (35 FR 18319, December 2, 1970) and the Species at Risk Act (SARA) in Canada
(SOR/2005-14, January 12, 2005). Moreover, in light of its status, the species was recently
included as a NOAA Fisheries’ Species in the Spotlight!.

The right whale population is currently experiencing: 1) low rate of reproduction, 2)
longer calving intervals, 3) declining abundance, 4) continued mortality from vessel and fishing
gear interactions, 5) changes in prey availability, and 6) increased transboundary movement
(NMFS 2017). Estimated at 270 animals in 1990, the population increased to roughly 483 in
2010 but has since undergone a consistent decline (Pace et al. 2017). Scientists currently
estimate the right whale population is less than 400 (Pettis et al. in review). Beginning in early
2017, the population experienced an Unusual Mortality Event (UME)? that has continued into
2020 (NMFS 2019) causing added concern for the future of this species in both the United States
and Canada.

These recent events highlight the important need to continue, and expand upon, actions
that promote the species recovery. The North Atlantic Right Whale Recovery Plan’ (NMFS
2005) identified three critical priorities to improve species survival (listed in order of
importance): 1) to reduce or eliminate deaths and injuries from human activities, namely
shipping and commercial fishing operations; 2) to obtain better data on population trends,
distribution, and health, as well as on habitat needs and uses; and 3) to study and address other
potential threats, such as habitat degradation, noise, contaminants, and climate and ecosystem
changes. In the United States, federal regulations for vessel and fishing restrictions to protect
right whales have aimed to reduce serious injuries and mortalities (NMFS 2019). Additionally, in
response to the 2017 mortalities, Canada adopted regulations for its commercial fishing* and
vessel® industries. Yet, the high mortality, decline in abundance, and continued risk from human
activities remain a serious concern.

Despite the critical need to protect right whales, additional factors such as uncertainties in
prey availability, changing environmental conditions, and other threats complicate management

! https://www.fisheries.noaa.gov/topic/endangered-species-conservation#species-in-the-spotlight

2 Under the MMPA, an Unusual Mortality Event (UME) is defined as a stranding that is unexpected; involves a
significant die-off of any marine mammal population; and demands immediate response.

3 https://www.fisheries.noaa.gov/resource/document/recovery-plan-north-atlantic-right-whale-eubalaena-glacialis

4 https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-bnan/narw-timeline-eng.html
3 https://tc.canada.ca/en/marine-transportation/navigation-marine-conditions/protecting-north-atlantic-right-whales-
collisions-vessels-gulf-st-lawrence#toc_1



http://www.nmfs.noaa.gov/mediacenter/2013/12/04_12_shipstrikereduction_final_rule.html
https://www.fisheries.noaa.gov/topic/endangered-species-conservation%23species-in-the-spotlight
https://www.fisheries.noaa.gov/resource/document/recovery-plan-north-atlantic-right-whale-eubalaena-glacialis
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-bnan/narw-timeline-eng.html
https://tc.canada.ca/en/marine-transportation/navigation-marine-conditions/protecting-north-atlantic-right-whales-collisions-vessels-gulf-st-lawrence%23toc_1
https://tc.canada.ca/en/marine-transportation/navigation-marine-conditions/protecting-north-atlantic-right-whales-collisions-vessels-gulf-st-lawrence%23toc_1

decisions and actions. In the United States, actions needed to support recovery are listed in the
Right Whale Recovery Plan (NMFS 2005) (Figure 1). This plan also recognizes the critical role
of partnerships between federal and state agencies, Canadian government, and others in
recovery. For example, the multi-partner Atlantic Large Whale Take Reduction Team
(ALWTRT), established under the Marine Mammal Protection Act (MMPA), helps NOAA
Fisheries reduce serious injury/mortality of right whales (and other large whales) due to fishing
entanglement. Moreover, regional U.S. Right Whale Recovery Implementation Teams are
composed of partners who assist in recovery plan implementation in the northeast and southeast
United States. To better equip the agency and its partners to improve right whale recovery under
changing conditions, NOAA Fisheries conducted a scenario planning exercise.

MMPA >

Implementation

Recovery

Implementation
Team

- Ongoing:
e.g., ALWTRT/P,

NOAA ship strike rule,

Fisheries - Recovery requires AEdeAt.SGCItionsdﬁ 8;: 7 NOAA
i partnerships - Additional needs from

Right Whale - North Atlantic Right Fisheries Five-Year Review:

Recovery Whale Northeast and understand climate change

Plan Southeast U.S. impacts, etc.

dentifies recovery Implementation Teams

strategy, goals &
criteria, tasks &
partners, etc.

Figure 1. Key steps in North Atlantic right whale recovery under the ESA (e.g., Section 4(f)) and
MMPA, and how scenario planning can fit into the process. Photo Credit: NOAA/NEFSC/
Christin Khan, image collected under MMPA Research permit number 17355.

Methods

We followed the first four phases of the scenario planning process described by the
National Park Service (Figure 2, NPS 2013) and the Atlantic Salmon Climate Scenario Planning
Pilot (Borggaard et al. 2019). We also included portions of the NPS’s (2013) final fifth phase
(Figure 2). To help with critical driver identification, we added participant interviews and a face-
to-face small group meeting (see below).
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Figure 2. Outline of the process used for the North Atlantic Right Whale Scenario Planning
Exercise and how it aligns with the five NPS Scenario Planning Phases, where Phase 1 =
orientation, Phase 2 = exploration, Phase 3 = synthesize and create scenarios, Phase 4 =
application and Phase 5 = monitoring (NPS 2013, see Appendix | for more details). Note: Box A
includes items that supported project orientation; boxes C, E, F, H and I include items discussed
with the full group (or smaller subgroup for box E) via phone/webinar/email or in person during
one of the events noted in a shaded grey box; boxes B, D, and G include items that were
completed outside of the events noted in a shaded grey box.

We conducted Phases 1 through 3 using two working webinars (26 April and 25 May
2018), select participant interviews (n = 7), and a face-to-face small group meeting in
Gloucester, Massachusetts (14-15 May 2018). A 2-day, full group, in-person workshop in
Gloucester, Massachusetts (27-28 June 2018) was used to review and finalize Phase 3 and
conduct Phase 4 (Figure 2). Participants were encouraged to attend both webinars and the 2-day,
full group workshop. For those unable to do so, materials and webinar recordings were made
available for review to ensure participants remained informed and could provide input
throughout the exercise. Additionally, participants unable to attend the full group workshop
provided alternate attendees to assure representation of specific expertise. Portions of Phase 5
were conducted following the workshop (e.g., outreach on scenarios and draft workshop
outcomes were provided to the Northeast and Southeast Implementation Teams).

Phase 1: Orientation

Purpose and Focal Question

Our purpose was to explore future conditions for right whales throughout their range and
develop possible options to address those conditions to improve recovery. Our focal question



was: What might affect/influence the recovery of right whales throughout their range over the
next 60 years? We selected 60 years because it aligned with climate projections from the
Intergovernmental Panel on Climate Change (IPCC 2013) and some of the recovery goals
established by NMFS (2005) and Fisheries and Oceans Canada (2014).

Participant Selection

A facilitation and scenario planning expert and an array of federal experts gathered to
implement the project (Appendix 2). Participants were selected based on their expertise in right
whale-related science (e.g., large whale, fishing gear, climate, oceanography, zooplankton,
ecosystem, ecology, health, harmful algal blooms) and management (e.g., aquaculture, wind
energy, fisheries, entanglement, vessel strike, acoustics). Our goal was to bring together a multi-
disciplinary group with broad expertise, but we limited expert participation (n < 32) to facilitate
discussion.

Phase 2: Exploration

Critical Driver Identification and Early Scenario Development

We began the exercise without a specific climate focus to ensure equal consideration of
all species-related aspects. To help identify variables thought to be critical to the future of right
whales (i.e., “critical drivers”), we identified and interviewed seven participants for their science
and management perspective. Interview questions included: 1) what factors could shape right
whale recovery, and their habitat more generally, in the next 10, 30, and 60 years?; and 2) of
these factors, which are certain/predictable, and which are uncertain/unpredictable? Using this
information, we developed critical driver tables on climate (e.g., physical such as ocean
temperature) (Appendix 3) and non-climate (biological, social, political, economic, and
technological) variables (Appendix 4); additional information on trend direction, degree of
certainty/uncertainty, and associated references/sources were also included. This list and
associated information were further refined by all participants (via e-mail and webinar) and a
small “driver subgroup” (in-person meeting) composed of scientific and management experts.

The driver subgroup discussed and identified those drivers they considered the most
important and the most uncertain. Using one of the more common scenario planning methods to
explore critical drivers and associated uncertainties (NPS 2013; Borggaard et al. 2019), the
selected drivers were combined into several 2-driver 2x2 matrix configurations with each
quadrant representing a future scenario. The driver subgroup then assessed the resulting future
scenarios for relevance, plausibility, and divergence. Several driver combinations were shared
with the full group during a webinar to illustrate how we narrowed down to a single, final
scenario matrix. Using feedback from the full group we further refined the selected matrix prior
to the workshop. Early scenario development enabled the workshop to focus on, and maximize
the time available for, considering the impacts of the future scenarios to right whales.
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Establishing a Common Understanding of Issues

To ensure there was a common understanding of the issues affecting right whales, we
provided relevant reference materials and presentations to all participants. This included a list of
literature on scenario planning and species-specific issues (Appendix 5). Presentations
(Appendix 6) included information on the scenario planning process, right whales (e.g.,
distribution, foraging, calving), and various research and/or management activities related to
right whales. Climate-related driver presentations (current conditions and future predictions)
included global and high-resolution climate change projections for the northwest Atlantic, high-
resolution projections for Calanus finmarchicus (key right whale prey item), southeast U.S.
climate, harmful algal blooms, and zooplankton distribution and phenology. Presentations on
non-climate drivers (what is happening now and future expectations) included mitigation of
fishing and vessel interactions, aquaculture, acoustic effects and related policy, wind energy, and
health/disease.

Phase 3: Synthesize and Create Scenarios

Future Scenario Matrix

Similar to Borggaard et al. (2019), we used a 2x2 matrix to develop four future scenarios
(Figure 3). To help distinguish scenarios, it was important to use axes that yielded plausible,
challenging, relevant, and divergent scenarios. We selected ocean conditions and human activity
for axes. Here, ocean conditions important for right whales ranged from positive to negative,
based on the uncertainty in the Atlantic Meridional Overturning Circulation (AMOC) and its
influence on ocean nutrients, prey availability, and foraging conditions. Although the AMOC
experiences natural decadal fluctuations that could lead to its strengthening in the short-term, its
magnitude is likely to weaken over the 21% century (e.g. 60-year time frame). Conversely, based
on the uncertainty in future anthropogenic actions and available conservation measures, the
human activity axis ranged from effective options available to few known options. To inform
and further distinguish each scenario, potential right whale population trends were attributed to
each future based on expert opinion from our participants. Conditions common across all
scenarios (e.g., increasing ocean temperature) were also noted. Participants confirmed the future
scenarios captured plausible, challenging, relevant, and divergent descriptions of issues facing
right whales over the next 60 years. Each scenario was given a descriptive name to help facilitate
discussions.
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Figure 3. The final scenario matrix describing the four future scenarios. Items listed below the
dashed line (blue text) denote elements common in all scenarios. Note: AMOC is Atlantic
Meridional Overturning Circulation, HABs is harmful algal blooms, and NARW or RW is North
Atlantic right whale. Potential right whale population trends were included to inform and further
distinguish the scenarios. The yellow star in the Thrive scenario (upper right quadrant), denotes
what participants considered the best future for right whales.

Scenario Narratives

Below are brief descriptive narratives for each scenario from Figure 3. Note common
elements among all scenarios include increasing ocean temperature, increasing ocean predators,
the possibility of episodic events, and a shift in right whale distribution.

1. Limited Options but Alive: In this future, there is a weakening AMOC leading to nutrient-rich
water, increased prey availability, and improved foraging conditions for right whales. Right
whales are easily able to adapt to the favorable (positive) ocean conditions and the population
increases between 0 to 2 percent per year. However, because in this scenario there are few
known options to minimize anthropogenic activity, right whales continue to be threatened as
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human activities grow significantly and marine conservation efforts are more challenging to
implement.

2. Dive: In this future, there is a strengthening AMOC leading to nutrient-poor water, decreased
prey quantity and quality, and poor foraging conditions for right whales. There is also a
significant increase in human activities as other policy concerns take precedence. As a result,
marine conservation faces more hurdles and the right whale population declines between 4 to
5 percent per year.

3. Thrive: In this future, there is a weakening AMOC leading to nutrient-rich water, increased
prey availability, and improved foraging conditions for right whales. Right whales easily
adapt to the more favorable (positive) marine conditions. Managing for resilience such as
zero-impact fishery solutions and autonomous shipping occurs and there are social incentives
for improving marine conservation. Effective surveillance of the right whale population
shows it is increasing by at least 3 to 5 percent per year. Marine tourism/conservation is
boosted with more sightings.

4. Support and Survive: In this future, there is a strengthening AMOC leading to nutrient-poor
water, decrease in prey quantity and quality, and poor foraging conditions for right whales.
There is greater support for managing human activities to improve conditions for right
whales including zero-impact fishery solutions, autonomous shipping, and increased ship
efficiency to reduce ocean noise. Despite effective surveillance, there are fewer whales, and
the population is decreasing between 0 to 2 percent per year, spurring additional targeted
conservation efforts.

Phase 4: Application

Prior to the full-group workshop, we developed two worksheets to facilitate meeting
discussions. The Scenario Deepening worksheet focused on future scenario conditions and how
those conditions might affect right whales. The Generating Options worksheet asked for the
identification of possible scenario-specific options (e.g., management, research).

At the workshop, participants were divided into one of four breakout groups and assigned
a scenario. Each group contained a mix of management and scientific experts (e.g., marine
mammal policy, large whale biology, climate modeling, ecosystem conditions) to facilitate
multi-disciplinary discussions.

Scenario Deepening

Scenario Deepening focused group discussions on scenario-specific conditions and how
those conditions might affect right whales over the next 60 years. Specific discussion points
under each scenario included: 1) the main climate features; 2) the notable non-climate features
that might occur (e.g., policy, demographics, technology); 3) a timeline of possible future events;

9



and 4) the identification of the main changes in conditions by region (where the right whale
range was divided into 1 = southern, 2 = middle, and 3 = northern) and the potential impacts on
right whales (Figure 4). Groups shared highlights across the scenarios prior to moving to the
Generating Options worksheet.

WORKSHEET Scenario Deepening

Scenario Name Here

1. Main regional climate features 4. In this scenario, what are the main changes in conditions / impacts on right whales?

REGION 1 REGION 2 REGION 3

2. Notable non-climate features & developments

3. Significant Events and Developments
2030 2050

REGION 3

2020 2075 g

What has to happen for this scenario to occur?
What indicators would you look at to see if this scenario plays out? Consider impacts of episodic events.

Figure 4. Scenario Deepening worksheet used in the North Atlantic Right Whale Scenario
Planning exercise.

Generating Options for Management and Research Priorities

Based on in-depth, scenario-specific discussions, groups identified what actions could be
taken now or within the next five years to prepare for their future scenario. Some discussion
focused on what could be done to either help move toward or avoid a scenario, as well as
factors/actions that could be taken under consideration to help us prepare for the next 30-50
years. Action/options were generated for science/research, management-vessels, management-
fishing, management-other, relationships/collaborations, and other factors not already considered
(Figure 5). Groups shared actions for specific categories to identify similarities across some or
all scenarios.
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WORKSHEET Generating Options

If you knew this scenario was the future, what actions would you take now / within 5 years to prepare for / achieve / avoid this?
SCIENCE / RESEARCH MANAGEMENT - VESSELS RELATIONSHIPS / COLLABORATION

Scenario Name Here

MANAGEMENT - FISHING MANAGEMENT - OTHER OTHER
{e.g., AQUACULTURE, WIND ENERGY, NOISE)

Figure 5. Generating Options worksheet used in the North Atlantic Right Whale Scenario
Planning exercise.

Prioritization Breakout Groups

The actions identified in Generating Options served as the basis from which to identify
priority, near-term actions. Participants were divided into four new groups and asked to select
two actions to prioritize within the next 1-3 years in each category based on the Generating
Options worksheets as well as two additional “wild card” priorities (i.e., two additional actions
from any category). Participants selected near-term actions based on needed attention,
investment, and urgency. These priority actions were further synthesized following the workshop
to provide a combined list of priorities by category.

Results

Scenario Deepening

The Scenario Deepening worksheet enabled groups to delve further into each possible
future, while considering scenario-specific conditions and how those conditions might impact
right whales. Common across all scenarios was the recognition that right whales have, and will
continue to experience, multiple climate and non-climate stressors. Despite being considered the
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best future for right whales, the Thrive scenario could still present significant challenges to the
species survival. For example, an unexpected episodic event (e.g., oil spill or harmful algal
bloom) could shift the species into the Limited Options but Alive scenario or move directly into
the worst-case scenario, Dive. In addition, effective management and partnerships were
considered critical and influential components. For example, ongoing and continued regulatory
efforts would help to enhance the Support and Survive future, while the Dive scenario would be
accelerated without proactively managing emerging threats. Additional information from the
Scenario Deepening worksheets is included in Appendix 7.

Generating Options for Management and Research Priorities

Using the Generating Options worksheet, groups explored possible scenario-specific
management and research actions that could improve species recovery. Some identified actions
were unique to one scenario, while others were common in two or more scenarios. Actions
common across all or most future scenarios included:

e Science/research: Continued investment in science (e.g., information on whale and prey
distribution, threats, and impacts).

e Management: Dynamic and adaptive approaches to management, proactive
considerations (e.g., vessels <65 feet, aquaculture, ropeless fishing, quieter ships),
modify/assess ship speed rule®.

e Relationships/collaborations: Partner engagement (e.g., industries).

e Other: Improve social science and public awareness.

Additional scenario-specific information from the Generating Options worksheets is included in
Appendix 8.

Prioritization Breakout Groups

Based on the Generating Options worksheets and workshop discussions, near-term (1-3
years) priority actions in need of attention, investment, and urgency were identified. These
actions were not scenario-specific and were synthesized following the workshop (see below).

Science and Research
e Conduct modeling studies (present conditions and projected into future) focused on:

¢ https://www.fisheries.noaa.gov/national/endangered-species-conservation/reducing-ship-strikes-north-atlantic-
right-whales
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o Spatial and temporal movement of right whales and copepods (e.g., current and future
whale habitat use and distribution)
o Climate

Improve understanding of right whale distribution, reproduction, and behavior

Better understand right whale response to vessels

Understand right whales’ sensing abilities and reaction to obstacles (e.g., wind turbines,
fishing gear, vessels)

Collect long-term monitoring data on plankton

Maintain current right whale monitoring/detection/response programs

Identify and understand cumulative stressors

Improve understanding of acoustics related to:

o Whale hearing thresholds
o Impacts of sound sources and soundscapes on right whales

Develop and test telemetry/tag technology that is appropriate for right whales

Gear technology research and development

Fishing

Reduce amount of line in the water column via:

o Ropeless fishing — gear research, development, and testing
o Trap/pot limits, etc.

Initiate management rulemaking for ropeless fishing so prepared when gear is ready

Proactive emerging fisheries management

Vessels

For rules/measures:

o Address risk to right whales from small boats (<65 feet)
o Evaluate effectiveness of ship speed rule
o Maintain/strengthen enforcement

Incentives to vessels (large and small) to slow down/avoid right whales
Analyze vessel traffic relative to whale distribution and planned activities to inform ship
speed rule

Whale safe ships of the future (e.g., advancement in ship design with whale safe features)
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Relationships/Collaborations

e Protect and maintain current relationships with partners such as:
o Industry, other federal agencies, Canada
e Engage with mariner community to:

o Help solve problems
o Develop incentives
o Gain buy-in for solutions

e Increase public support/consumer awareness via:

o Social science

o Marketing campaigns — partner with NGOs and others who have had successful
marketing

o Social media and consumer driven efforts

e Incentivize innovation through non-traditional means (e.g., technological competitions

(e.g., XPrize), engineering competitions, hi-tech companies, etc.)
Other

e Consider blue economy such as:

o Aquaculture — be proactive and whale safe
o Renewables (e.g., wind farms)

e For management/regulatory:

o Maintain current regulatory framework
o Dynamic/flexible management and enforcement

e Develop emergency response for episodic events (e.g., HABs, oil spill, etc.)

Additional information from the prioritization breakout groups is included in Appendix 9.
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Discussion

Our scenario planning exercise offers a complementary, yet different, approach to
priorities identified elsewhere (e.g., NMFS 2005; ALWTRT 2017; NMFS 2017) to enhance
future right whale management and research efforts that support recovery. Continued efforts to
reduce impacts from vessel strike and fishery entanglements were underway before we
conducted this exercise, and their importance to right whale recovery was reinforced here. For
example, NOAA Fisheries was preparing to evaluate the effectiveness of the ship speed rule as
well as work with the ALWTRT to further reduce entanglement risk from vertical fishing lines
(e.g., feasibility of ropeless fishing). Discussions during our workshop reaffirmed the importance
and need to continue these efforts. In addition, this exercise helped highlight the importance of
putting additional resources/efforts towards “novel” actions and/or identified new, emerging
threats to right whales. For example, expanding right whale appropriate tagging efforts to help
locate whales and their habitat in a changing ocean environment. Furthermore, new
research/modeling exercises on climate and zooplankton will enable a better understanding of
how the changing ocean has, and will continue to, affect right whales. Finally, the effort stressed
the need to develop an emergency response plan for episodic events (e.g., harmful algal blooms,
oil spills) by emphasizing the significance of such events as tipping points to the survival of the
species.

Despite yielding outcomes to inform recovery planning, this exercise presented several
challenges. First, we conducted this initiative on the heels of the 2017 right whale mortality
event when there was heightened concern for the species’ survival. The immediacy of issues
related to this event (e.g., entanglement in fishing gear and vessel strikes) made it difficult to
assess whether this prevented or enhanced participants from fully exploring “out-of-the-box”
thinking/options typical of scenario planning. Second, the long-term survival and recovery of
right whales is not a simple, straightforward problem, but instead, complicated by any number of
climate and non-climate factors. To gain a common understanding of these complexities and to
help navigate the challenges associated with developing priorities, we provided participants with
relevant background information on right whale science and management. Finally, because we
took the time for participants to share and understand the aforementioned complexities related to
right whale conservation and management, we did not have time at the in-person workshop to
refine the identified priorities into a more immediate (or higher priority) near-term list of actions.

Scenario planning can be used broadly for resource management applications, including
how to better understand and address climate change-related uncertainties (see Rowland et al.
2013; Borggaard et al. 2019; Runyon et al. 2020). We began the right whale exercise without a
specific climate focus to ensure equal consideration of all species-related aspects. We also used
expertise, qualitative insight, and available quantitative information to identify drivers most
important and uncertain to right whales. In the end, our group selected a climate-related driver
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for one of the matrix axes, highlighting the critical importance, and related uncertainties, a
changing environment will have on the species (see Link ez al. 2015; Hare et al. 2016).

Next Steps: Actions/Activities

This effort fostered increased partnerships and discussions for right whale recovery. Post-
workshop, discussion and collaboration among participants and others continued, leading to
several action items that are either completed or underway. In addition, there have been advances
in areas (e.g., ropeless fishing) that this exercise reinforced the need to continue; however, they
are not included here because they were underway before this scenario planning initiative.
Finally, a number of initiatives (see 1, 2, and 3 below) also align with NOAA Fisheries climate
priorities identified by Hare et al. (2016). Activities to date that were in direct response to this
exercise include:

1. Funding from NOAA Fisheries (Office of Science and Technology) to support a
Northeast U.S. continental shelf study to determine copepod Calanus finmarchicus
biomass, trends, and variability.

2. A NOAA Fisheries (Office of Science and Technology) funded multi-year investigation
of potential climate-induced right whale prey changes in southern New England.

3. Expanded discussions between NOAA Fisheries’ Northeast Fisheries Science Center and
Greater Atlantic Region on right whale climate and zooplankton science and management
needs.

4. The initiation of a Greater Atlantic Region North Atlantic Right Whale Emergency
Response Plan to increase preparedness to catastrophic natural or anthropogenic caused
events that may impact a significant number (one or more) of right whales.

5. Continued and new collaborations with external and internal partners to develop and
optimize right whale satellite tracking to support ongoing management needs.

6. Expanded collaboration with Fisheries and Oceans Canada and other partners to ensure
their participation in the newly reconvened Right Whale Northeast Implementation Team
(NEIT) and newly convened Right Whale Implementation Team Population Evaluation
Tool Subgroup (PET Subgroup). The NEIT will coordinate recovery plan implementation
in the northeast United States and work closely with the Southeast Implementation Team
(SEIT) to ensure recovery activities are coordinated across the species’ full range. The
PET Subgroup will develop a population viability analysis to characterize the right whale
extinction risk and include consideration of current and future threats.

7. Consideration and selection of actions from this scenario planning exercise as priorities
for the NEIT to coordinate and help implement in the northeast United States. For
example, the NEIT will consider and discuss renewable energy (e.g. wind) and
aquaculture among other selected topics from this initiative.
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8. Further exposure and capacity building of scenario planning within NOAA Fisheries
across multiple regions.

Communication about the future scenarios we developed and workshop outcomes are
part of the final scenario planning phase (NPS 2013). This was accomplished via presentations to
relevant groups (e.g., regional implementations teams (NEIT and SEIT) and PET Subgroup) and
the completion of this report. In addition, continued coordination with partners and monitoring of
various important research efforts (e.g., climate-driven circulation changes, Record et al. 2019)
play an important role in this final phase. The ALWTRT and regional implementation teams, for
example, will be important in monitoring a number of priority actions similarly identified in this
exercise. Additionally, research and management needs identified here can help to inform and
implement needs for current and future regional climate actions plans (e.g., Hare et al. 2016).
Priorities from this exercise can also inform the ongoing efforts of the bilateral work group
between NOAA Fisheries and Canada that is focused on addressing the science and management
gaps impeding the recovery of right whales in United States and Canadian waters.

This initiative provides another example of applying scenario planning to marine
species/environments and may help others challenged with similar conservation issues. The
forward-looking process of scenario planning provided a framework for how NOAA Fisheries
and our partners can focus and align towards a common vision to prepare for multiple futures by
acting now with near term actions that help advance right whale recovery. Our exercise offered a
multi-disciplinary perspective to right whale recovery resulting in the identification of priorities
for research, management, and partnerships to help improve the species’ resilience. There are
many important efforts underway by NOAA Fisheries and its partners to recover right whales,
this report can be a useful resource by helping to: 1) encourage a strategic look at recovery; 2)
further consider new and emerging threats to right whales; and 3) explore broader ideas based on
possible future challenges. Scenario planning is an iterative process and as information becomes
available (e.g., regional climatologies, vulnerability assessments, see Lettrich et al. 2019), it will
be important to consider conducting an additional scenario planning exercise, using established
bodies such as the ALWTRT, with an understanding of the challenges highlighted here. One
important outcome of this exercise was the need to continue and expand partnerships across the
species’ range to help understand what the future might look like and how to best prepare given
the inherent complexities and uncertainties. Partnerships are an essential part of recovery and
will be critical to ensuring right whale survival under changing conditions.
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ALWTRT: Atlantic Large Whale Take Reduction Team
AMOC: Atlantic Meridional Overturning Circulation
DOI: Department of the Interior

ESA: Endangered Species Act

GOM: Gulf of Maine

HABs: Harmful Algal Blooms

IPCC: Intergovernmental Panel on Climate Change
MMPA: Marine Mammal Protection Act

NAO: North Atlantic Oscillation

NEIT: Northeast Implementation Team

NMEFS: National Marine Fisheries Service

NGO: Non-Governmental Organization

NOAA: National Oceanic and Atmospheric Administration
NOS: National Ocean Service

NPS: National Park Service

RCP: Representative Concentration Pathway

SARA: Species at Risk Act (Canada)

SEIT: Southeast Implementation Team

UME: Unusual Mortality Event

USGS: United States Geological Survey
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Webinar and Workshop Agendas

North Atlantic Right Whale Scenario Planning Exercise

April 26, 2018
2:00-4:00 pm EDT
Webinar 1
Goals:
Background on initiative e Next steps
Introduction to scenario planning e Right whales 101 (basic information)
Future drivers of change affecting right
whales
Time Topic

2.00pm | Introductions, round robin

2.10pm | Project background & context

e Relationship to other RW initiatives
e Ground rules

2.25pm | Scenario Planning 101

e Principles, benefits

e Example applications

e Atlantic Salmon pilot

® Questions / Discussion

2.40pm | Project Outline

e Specific tasks / requirements for each phase

® Questions / Discussion

3.00pm | Drivers Discussion

e Outline of drivers table

e Insights from interviews

e Suggestions for additional drivers

3.20pm | Questions and Next Steps
3.30pm | Right whales 101 (introduction to right whales)
e Basic information

o Q&A
e Discussion
4.00pm ADJOURN
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North Atlantic Right Whale Scenario Planning Exercise
Friday May 25, 2018 1:00-3:00 pm EDT

Webinar 2
Time Topic
1.00pm | Welcome, Round Robin
1.05pm | Project Updates
1.15pm | Drivers Sub-Group workshop Report
1.30pm | Explanation of Draft Candidate Scenario Matrix
1.45pm | Questions and Discussion
2.15pm | Plans for Face-to-Face Workshop
2.30pm | Questions and Discussion
2.45pm | Additional Issues
3.00pm | ADJORN
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North Atlantic Right Whale Scenario Planning Exercise
Driver Subgroup Workshop
Greater Atlantic Regional Fisheries Office
Gloucester, MA, May 14-15, 2018

Goals:
e Review and further develop a list of drivers (contained in a drivers table) that could shape the
environment for Right Whales over the next 60 years (e.g. economic, climate, commercial,
regulatory etc.)

e Discuss and identify which drivers are most important/most uncertain

e Create a number of potential scenario matrices/frameworks by combining different drivers
together

e Determine which frameworks are most effective in creating plausible, relevant scenarios

e Review and refine a small number of preferred frameworks as candidates for presentation to the
broader RW scenario planning group

DAY 1-MAY 14

Time Topic

9:00 Welcome, Introductions

9:15 Review and Exploration of Climate/Physical Drivers

10:45 | BREAK

11:00 | Review and Exploration of Social / Economic / Political / Technological Drivers
12:30 | LUNCH

1;15 Drivers: Summary and Additional Thoughts

2:15 Assessment and Prioritization
2:45 BREAK
3:00 Combining Drivers to Create Candidate Frameworks

4:45 Reflections
5:00 ADJOURN

DAY 2 - MAY 15

Time Topic

8:00 Reflections

8:15 Review of Candidate Frameworks

9;00 Selection of Preferred Frameworks(s), Outline of Scenario Descriptions
10:30 Next Steps

11:00 | ADJOURN
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North Atlantic Right Whale Scenario Planning Workshop
June 25" & 26™ 2018
Greater Atlantic Region, 55 Great Republic Drive, Gloucester, MA

Day 1 - Monday June 25" — Drivers of Change and Scenario Deepening/Development

Time Topic
8:30am ARRIVAL
9:00am Welcome, introductions, objectives, agenda etc.

e Welcome participants, provide very brief background and context, including ‘focal
question’ and outputs. (NMFS, includes Donna Wieting’s opening remarks)
e Introductions, objectives, agenda, etc. (Jonathan Star)

9:30am Right Whales
e Right whale 101 (distribution, foraging, calving, etc.) (Sean Hayes)

9:45am Drivers of Change

e Presenters outline research and/or management on the drivers and sources of future
uncertainty affecting North Atlantic Right Whales. (10 minute “Lightning Speed”
presentations to set the stage except for select talks)
o Climatic/physical drivers (current conditions and predictions for the future)

® (Climate Change Projections for the NW Atlantic
=  Mike Alexander, 15 min
* Vince Saba, 15 min; includes Calanus climate study

® Southeast climate (John Quinlan)
® Harmful algal blooms and productivity (Quay Dortch; 15 min)

® Zooplankton distribution and phenology (Harvey Walsh)
o Questions for any of the presenters (15 min)

11:00am BREAK

11:15am | Drivers of Change (Continued)
o Non-climate/physical drivers (what’s happening now and future expectations)

® Fishing Interaction Mitigation (Mike Asaro)

® Shipping Interaction Mitigation (Mike Asaro)

® Aquaculture (Kevin Madley)

® Acoustic impacts and policy (Jacqueline Pearson-Meyer)
® Wind energy (Julie Crocker)

® Health/Disease (Teri Rowles, pending)
o Questions for any of the presenters (15 min)

12:30pm | Scenario Planning and Presenting Scenarios
e Background scenario planning principles, present the draft scenario framework for
consideration and use for the workshop conversations. (Jonathan Star)

12:45pm | LUNCH
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Time

Topic

1:45pm Scenario Matrix - Large Group
e Full group discusses/validates the matrix. Does the scenario allow them to tell a
plausible, challenging, relevant story about the issues facing right whales over the
next 60 years? Are there points that are missing or that could be expanded (e.g., can
we be more specific about NARW distribution shifts)? Do they work as a set? Are
they different from each other? Is there an important development or story that is
missing from the set?
2:15pm Scenario Deepening and Development - Scenario Subgroups
e Exercise set up. Groups are given a briefing document on the scenarios, and asked to
focus on describing one scenario.
e Small groups (~6 participants per group) tell right whale-specific stories and outline
the implications and impacts of their scenario
e Groups include story elements based on climate (e.g., AMOC, prey) and non-
climate/physical (e.g., shipping, fishing, aquaculture, wind energy) drivers.
e Include a timeline of plausible, indicative events that add color to the stories.
e Impacts and implications categorized into different aspects considering all life stages
(where possible)
Conversations recorded on pre-printed large worksheets
3:30pm BREAK
3:45pm Sharing across scenarios - Large Group
Display each of the scenario worksheets so that participants can review other groups’ work.
Then report-out for groups to share their stories with others
4:30pm Wrap-up, reflections, and early thoughts on options
e Plenary conversation that discusses the overall scenarios and how they fit together.
Have we told provocative stories? Are they plausible? Will they help us generate
ideas and investigate the decision issues tomorrow?
Any early thoughts on options (to be further discussed in Day 2)?
5:00pm ADJOURN
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Day 2 — Tuesday June 26th - Generating and Assessing Options

Time Topic
7:30am ARRIVAL
8:00am Overnight Thoughts

e Plenary discussion to reflect on Day 1, and suggest any 'must-dos' for Day 2

8:30am Generating Options - Scenario Subgroups

e Groups identify options (e.g., actions and research) that would make sense to pursue
in each of the scenarios. Include consideration of how we may have gotten to this
scenario (e.g., how to move in or avoid the direction depending on the scenario, how
to prepare).

e Conversations recorded on pre-printed large worksheets

10:30am | BREAK
10:45am | Report Out and Common Options - Large Group

e Each group reports out their findings per scenario. Then we look across all scenarios
to assess any common options.

e We also discuss if there are ways to push towards a preferred scenario (and away
from a worst case)

e Discuss which and how to monitor indicators to see a particular plays out

e This conversation will provide us with a sense of priority actions.

12:00pm | LUNCH
1:00pm Specific Conversations - Regional Subgroups (split into region 1 and 2 groups of
regions 2 & 3)

e Opportunity for specific regions to be the focus of targeted conversations about
issues of most importance in the near-term. What would need to be done differently
in this region based on changing right whale behavior and/or human activity? How
would this influence recovery needs/efforts (e.g., science/research, management,
relationships/collaboration).

These conversations are now based not only on the scenarios, but on the other near-term
factors that affect strategy (goals, capabilities, resources etc.). Includes discussion of what is
most important to do.
1:45pm Specific Conversations - Large Group
e Report out (5 minutes per group)
e Read-out exercise and plenary discussion
e Does the exercise reveal a clear way forward for a specific management
option and/or research need?
Larger group discussion. Prioritize actions.
3:00pm BREAK
3:15pm Wrap-up, Review Conversations & Next Steps

e  Wrap-up and review

e Discuss next steps on priority actions (management and research needs) and
monitoring, product development, additional meeting.

Discuss possible future directions to extend outcomes, new projects and meetings, new
avenues for collaborations, etc.
4:00pm ADJOURN
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APPENDIX 1. Five phases of the scenario planning process as outlined in the National Park Service Handbook (NPS 2013).

Phase Goal Steps Outcomes/Products
Phase 1: Set up project for success e Establish purpose of project e An understanding of the purpose, desired
Orientation e Determine desired outcomes outcomes, and scope of project
e Specify Issue or “Strategic Challenge” to explore using | ® Core team to help with exercise
scenarios e Statement describing issue or “strategic
e Recruit core team challenge”
e C(learly articulated focal question
e Draft/final project schedule
e Draft/final participant list
Phase 2: Identify and analyze critical e Identify critical forces (drivers) that affect strategic e Tables and charts that capture drivers, variables,
Exploration forces, variables, trends, and challenge uncertainties, and impacts that may affect focal
uncertainties that may affect e Identify potential impacts question
strategic challenge and focal e Engage participants before workshop (webinars, conf. | e Graphics, maps to help with discussion
question calls) to help familiarize with scenario planning process | ® Any materials and background information that
participants should review before workshop
Phase 3: Produce small number of e Divide critical forces into important elements* and e 3-5 plausible, relevant, challenging and
Synthesize & scenarios using critical forces and critical uncertainties** divergent scenarios using critical uncertainties to
Create Scenarios | impacts identified in Phase 2 e Build scenario frameworks and choose scenarios inform, inspire and test actions/strategies
e Identify scenario impacts
e Describe scenarios in detail and develop scenario
narratives
e Review scenarios for plausibility and consistency
Phase 4: To answer “So what?” questions: | e Identify scenario implications e List of actions, strategies, or areas for additional
Application What do these scenarios meanto | e Develop, test and prioritize actions research based on discussions initiated by
NMFS? What do they mean to e Use scenarios to inform strategies scenarios
focal question and strategic
challenge? What do we do about
it?
Phase 5: To identify important indicators |e Select indicators to monitor e List of indicators and early warning signals for
Monitoring (trigger points) that can signal e Scan and monitor environment changes continued research and monitoring
changes in the environment as e Communicate scenarios and workshop outcomes e A monitoring strategy
future unfolds e Workshop deliverables e Workshop deliverables e.g., scenarios,

implications, actions, indicators to monitor,
monitoring strategies

* Important or predetermined elements are forces important to focal question for which available information includes a high degree of confidence and direction and
magnitude of future changes.
** Critical uncertainties are variables very important to focal question for which available information is limited or unknown and characterized by significant

uncertainties.

29




APPENDIX 2. Participants who supported the scenario planning exercise in various capacities;
those who were part of the subdriver group (SGD) or at the workshop (W) are noted in the

participation column.

Greater Atlantic Region

Name Affiliation Participation
Mike Alexander NOAA, Office of Oceanic and Atmospheric SDG, W
Research, Physical Sciences Laboratory
Mike Asaro NOAA, National Marine Fisheries Service, SDG, W
Greater Atlantic Region, Protected Resources
Division (current affiliation: NOAA, Northeast
Fisheries Science Center, Social Science Branch)

Lynne Barre NOAA, National Marine Fisheries Service, West | W
Coast Region, Protected Resources Division

Shannon Bettridge | NOAA, National Marine Fisheries Service, Office | W
of Protected Resources

Diane Borggaard NOAA, National Marine Fisheries Service, SDG, W
Greater Atlantic Region, Protected Resources
Division

Peter Burns NOAA, National Marine Fisheries Service, W
Greater Atlantic Region, Sustainable Fisheries
Division

Colleen Coogan NOAA, National Marine Fisheries Service, W
Greater Atlantic Region, Protected Resources
Division

Julie Crocker NOAA, National Marine Fisheries Service, W
Greater Atlantic Region, Protected Resources
Division

Kim Damon- NOAA, National Marine Fisheries Service,

Randall Greater Atlantic Region

Dori Dick Ocean Associates Inc. in support of NOAA, SDG, W
National Marine Fisheries Service, Office of
Protected Resources

Quay Dortch NOAA, National Ocean Service, National Centers | W
for Coastal Ocean Science

Laura Engleby NOAA, National Marine Fisheries Service,
Southeast Regional Office, Protected Resources
Division

Lance Garrison NOAA, Southeast Fisheries Science Center SDG, W

Francis Gulland Marine Mammal Commission W

Ben Haskell NOS, Stellwagen Bank National Marine Sanctuary | W

Sean Hayes NOAA, Northeast Fisheries Science Center, SDG, W
Protected Species Branch

Allison Henry NOAA, Northeast Fisheries Science Center, W
Protected Species Branch

Kevin Madley NOAA, National Marine Fisheries Service, W
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Name Affiliation Participation

Kimberly Hyde NOAA, Northeast Fisheries Science Center, W
Narragansett Laboratory

Henry Milliken NOAA, Northeast Fisheries Science Center, W
Protected Species Branch

David Morin NOAA, National Marine Fisheries Service, W
Greater Atlantic Region, Protected Resources
Division

Jacqueline Pearson- | NOAA, National Marine Fisheries Service, Office | W

Meyer of Protected Resources

Jessica Powell NOAA, National Marine Fisheries Service, W
Southeast Regional Office, Protected Resources
Division

John Quinlan NOAA, Southeast Fisheries Science Center, W
Sustainable Fisheries Division

Teri Rowles NOAA, National Marine Fisheries Service, Office | W
of Protected Resources

Michael C. Runge | USGS, Patuxent Wildlife Research Center

Vince Saba NOAA, Northeast Fisheries Science Center SDG

Becky Shortland NOS, Gray’s Reef National Marine Sanctuary

Ainsley Smith Integrated Statistics, Inc. In support of NOAA w
Fisheries Greater Atlantic Region

Jonathan Star Scenario Insight SDG, W

Michelle Department of the Interior, Northeast Climate W

Staudinger Science Center; USGS

Harvey Walsh NOAA, Northeast Fisheries Science Center, W
Ecosystem Monitoring Program

Donna Wieting NOAA, National Marine Fisheries Service, Office | W
of Protected Resources

Dave Wiley NOS, Stellwagen Bank National Marine Sanctuary

Barb Zoodsma NOAA, National Marine Fisheries Service, SDG, W

Southeast Regional Office, Protected Resources
Division
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https://www.usgs.gov/centers/pwrc

APPENDIX 3. Climate (physical) drivers table and includes several biogeochemical variables. Note: This table lists only those drivers initially
considered for this scenario planning exercise. Note: Participants were encouraged to think as broadly and unrestrained as possible, therefore, what is

recorded here includes thoughts that were considered for the scenario planning exercise and do not represent agency policy.

Increases as move offshore

models); not reliable for
smaller regional scale

Dri Trend Directi Degree of C ts/Link to S t Statement NOAA's Climate Change
river rend Direction Certainty/Uncertainty omments/LInK to Support Statements Webportal Inputs (if used)
Ocean Increase +2-4°C (lower estimate); 6 High confidence (only https://www.esrl.noaa.gov/psd/ipcc/ocn/ *Note that these RCP 8.5, Average of all
temperature in the upper water column, 6+ in the | for the coarse [IPCC SST projections are based on coarse global climate models | models, Ensemble spread of
bottom temp models) t:ait sh.oleilniforrp wafiming a.crosbs m;lwh of tlzie }\IW ) future change, Entire year,
tlantic. T'he projected warming by these models may be _ . 93_550
100 low such that the high-res. Saba et al.’s (2016) CM2.6, iogz ﬁgiﬁéEEXtem' 23-35°N,
which resolves Shelf dynamics much better than these )
coarse models, projects warming of up to 6-9C in some
regions of the Gulf of Maine.
Wind fields Assumed calm winds in calving habitat is needed
Primary Decreases nearshore, with biggest Low confidence (based | https://www.esrl.noaa.gov/psd/ipcc/ocn/ RCP 8.5, Average of all
productivity decrease closest to shoreline, on the coarse IPCC models, Ensemble spread of

future change, Entire year,
2055-2099, Extent: 23-55°N,
& 86-50W°E

Sea surface
chlorophyll

Decreases nearshore, with biggest

decrease closest to shoreline

Low confidence

https://www.esrl.noaa.gov/psd/ipcc/ocn/

RCP 8.5, Average of all
models, Ensemble spread of
future change, Entire year,
2055-2099, Extent: 23-55°N,
& 86-50W°E
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Degree of

NOAA's Climate Change

Driver Trend Direction Certainty/Uncertainty Comments/Link to Support Statements Webportal Inputs (if used)

Availability By 2081-2100, we project average Medium confidence Grieve et al. 2017 (Note: Information on observations in

of prey C. finmarchicus density will decrease | (evidence that water is Canada such as Gulf of St. Lawrence can be found at:
by as much as 50% under a high higher in nitrate that http://waves-vagues.dfo-mpo.gc.ca/Library/362284.pdf;
greenhouse gas emissions scenario. could lead to spike in e.g., "The abundance of the biomass-dominant copepod
These decreases are particularly productivity) species C. finmarchicus and zooplankton biomass overall
pronounced in the spring and were lower than average overall in 2015, as was the
summer in the Gulf of Maine and abundance of Arctic Calanus species, continuing a pattern
Georges Bank. When compared to a started during the last 4-7 years. In contrast, the abundances
high-resolution global climate model, of offshore copepods were higher than average. ")
the ensemble showed a more uniform
change throughout the Northeast U.S.
Shelf, while the high-resolution
model showed larger decreases in the
Northeast Channel, Shelf Break, and
Central Gulf of Maine. Grieve et al.
2017 based on temp only

North Unclear - since 2000 relationship High uncertainty The relationship between the NAO and U.S. NES

Atlantic between NAO and zooplankton has conditions is variable and unclear. For example, in the Gulf

Oscillation changed; CC projections are mixed, of Maine, the link between the NAO and zooplankton
very unclear since of what indices have changed since 2001. Refer to Hare and Kane,
relationships are today; have better 2012 for more details: Zooplankton of the Gulf of Maine -
understanding of other indices (e.g. A Changing Perspective AFS 2012
Pacific, AMOC) than NAO

Atlantic Weakening 1. High uncertainty for | 1. Caesar et al. 2018

Meridional the historical AMOC

Overturning weakening 2. IPCC ARS report (IPCC 2013)

Circulation 2. Low to Medium

(AMOC) uncertainty for climate

change projections of
AMOC

Sea level rise

Increase in mean sea level across
U.S. East Coast

High Confidence (high
uncertainty, based on
thermal projections of
water but NOT
freshwater influence
from icesheet melting)
Might have even higher
SLR than expected with
weakening AMOC
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. L. Degree of . NOAA's Climate Change
Driver Trend Direction Certainty/Uncertainty Comments/Link to Support Statements Webportal Inputs (if used)

Harmful Since systematic sampling of PSP High uncertainty Alexandrium (PSP), Pseudo-nitzschia (ASP), emerging.

Algal Blooms | toxins in ME shellfish began in 1977, Both PSP and ASP toxins have caused marine mammal
toxicity has oscillated on decadal mortalities. Dinophysis (DSP) has also emerged in region,
scale, currently in low phase. Could but shellfish closures have only occurred in Canadian
oscillate upward at any time or recent waters. State of Maine is monitoring for all 3 at coastal
fundamental changes in GOM sites.
hydrography could keep it low.
Pseudo-nitzschia emerged as a threat Anderson et al. 2014, Doucette et al. 2006, Clark et al.
to shellfish in last 3 years with 2019
unpredictable but increasing toxicity
and geographic distribution. Most Kanwit, K. 2019. Restructuring traditional biotoxin
data are near shore, so changes monitoring programs for proactive management of new and
offshore are unknown. emerging threats.

https://www.mass.gov/files/documents/2019/04/22/K. Kanw
it Day2 EmergingToxin.pdf

Ocean Decrease in ocean pH (more acidic) High confidence

acidification

(copepod

implications)

Gulf of Higher proportion of Gulf Stream Medium confidence Saba et al. 2016

Maine water | Slope Water (Atlantic Temperate

mass and Slope Water) entering the Gulf of Caesar et al. 2018

nutrient Maine via the Northeast Channel.

sources This water is warmer and saltier than

Labrador Slope Water (Labrador
Sub-Arctic Slope Water) and is
higher in nutrients (nitrate).

34



https://www.mass.gov/files/documents/2019/04/22/K.Kanwit_Day2_EmergingToxin.pdf
https://www.mass.gov/files/documents/2019/04/22/K.Kanwit_Day2_EmergingToxin.pdf

APPENDIX 4. Non-climate (biological, social, political, economic and technological) drivers table. Note: This table lists those drivers initially
considered for this scenario planning exercise. Note: Participants were encouraged to think as broadly and unrestrained as possible, therefore, what is
recorded here includes thoughts that were considered for the scenario planning exercise and do not represent agency policy.

Biological, social,

Projected change (if

Degree of certainty/uncertainty

Source and context

political, economic, applicable)
technological
Offshore wind farms Increase High confidence https://e360.yale.edu/features/after-an-uncertain-start-u-s-offshore-

wind-is-powering-up
https://www.boem.gov/National-Offshore-Wind-Strategy/
https://www.boem.gov/Renewable-Energy-Path-Forward/

Impacts to consider are direct effects of construction (noise, vessels,
displacement etc.), effects during operations and how wind farms
will result in changes in distribution of fishing effort and changes in
distribution of vessel traffic patterns which may increase and/or shift
risk to right whales

Harbor Channel
Deepening to
accommodate large
ships

Channels may be
lengthened (may span
width of SMAs).

Dredging may be required
more frequently and for
longer durations.
Implications to right
whales from collisions
from project vessels.

High confidence in Southeast U.S.

In Northeast many of the major ports (New
York/New Jersey, Boston, and Philadelphia)
have already been deepened to 50' to
accommodate larger post Panamax ships. Some
of the Chesapeake Bay ports/entrance channels
have been deepened and some have been
authorized but projects not completed

http://www.sas.usace.army.mil/Missions/Civil-W orks/Savannah-
Harbor-Expansion/

http://www.sac.usace.army.mil/Missions/Civil-Works/Charleston-
Harbor-Post-45/

http://www.saj.usace.army.mil/Missions/Civil-
Works/Navigation/Navigation-Projects/Jacksonville-Harbor-
Channel-Deepening-Study/

Important to tie this to the shipping industry development driver;
will need to consider the direct effects of dredging as well as the
consequences experienced in changes in vessel traffic

developments (e.g.
faster ships, bigger
ships, autonomous
ships, quieter ships)

about where we are on the
trend line (i.e., beginning
of increase?)

Development of Increasing (35 yrs from High confidence Every individual whale tagged or public access to satellite imagery
surveillance now) where get positions in near-real time

technology

Role of Dependent on factors High uncertainty MMPA and ESA could be a social luxury as demand for protein
policy/regulations including society increases

Shipping industry Increase but uncertainty High confidence Important to tie this driver to the "harbor/channel deepening" driver

above given the relationship. Some of the force behind the change in
ship size is related to the expansion of the Panama Canal; ports want
to be able to accommodate those ships which is part of the rationale
for deepening channels, widening turning basins, etc.
https://www.porttechnology.org/news/us_ports_preparing_for post
panamax_ships
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https://e360.yale.edu/features/after-an-uncertain-start-u-s-offshore-wind-is-powering-up
https://e360.yale.edu/features/after-an-uncertain-start-u-s-offshore-wind-is-powering-up
https://www.boem.gov/National-Offshore-Wind-Strategy/
https://www.boem.gov/National-Offshore-Wind-Strategy/
https://www.boem.gov/Renewable-Energy-Path-Forward/
https://www.boem.gov/Renewable-Energy-Path-Forward/
http://www.sas.usace.army.mil/Missions/Civil-Works/Savannah-Harbor-Expansion/
http://www.sas.usace.army.mil/Missions/Civil-Works/Savannah-Harbor-Expansion/
http://www.sac.usace.army.mil/Missions/Civil-Works/Charleston-Harbor-Post-45/
http://www.sac.usace.army.mil/Missions/Civil-Works/Charleston-Harbor-Post-45/
http://www.saj.usace.army.mil/Missions/Civil-Works/Navigation/Navigation-Projects/Jacksonville-Harbor-Channel-Deepening-Study/
http://www.saj.usace.army.mil/Missions/Civil-Works/Navigation/Navigation-Projects/Jacksonville-Harbor-Channel-Deepening-Study/
http://www.saj.usace.army.mil/Missions/Civil-Works/Navigation/Navigation-Projects/Jacksonville-Harbor-Channel-Deepening-Study/
https://www.porttechnology.org/news/us_ports_preparing_for_post_panamax_ships
https://www.porttechnology.org/news/us_ports_preparing_for_post_panamax_ships

Biological, social, Projected change (if Degree of certainty/uncertainty Source and context
political, economic, applicable)
technological
Consumer/public Dependent on factors Uncertain
support for whale including society
conservation
Fishing technology Increasing High confidence

developments (e.g.
ropeless, different line
strength, etc.)

Shifting fish Increase in thermal habitat | High confidence generally. Medium confidence | McHenry et al. 2019 paper and tool
distributions for southern species. if species specific https://heatherwelch.shinyapps.io/beyond temperature/
Reduction in thermal
habitat for northern
species.
Aquaculture Increase in demand High confidence (uncertainty is centered around | https://www.wri.org/resources/charts-graphs/aquaculture-expanding-

the entanglement risk from new fishery)

meet-world-fish-demand

Seismic exploration

Possible increase

Uncertain

In Greater Atlantic Region, only aware of one proposal in last 10
years - was on Hudson River. State of NY denied the permit and
project did not go forward.
https://www.delawareonline.com/story/news/local/2018/02/09/delma

rva-company-takes-risk-using-wave-energy-produce-drinking-
water/310353002/

https://www.riverkeeper.org/campaigns/river-ecology/waterfront-
development-review/united-water-desal/

Softshell lobster
disease

Increase

Increase in prevalence is likely as it correlates
with number of annual days with water temps
exceeding 20 degrees Celsius. Disease
prevalence has been monitored with increasing
intensity over the past 30 years. Prevalence has
increased in all SNE waters from MA to NY
since the late 1990's, affecting up to 30% of
observed animals in some years. There is a south
to north gradient of decreasing prevalence with
the first observations in ME in 2003.

http://www.asmfc.org/uploads/file//55d61d73 AmLobsterStock Assmt
_PeerReviewReport Aug2015_red2.pdf

Offshore oil and gas
extraction

Possible emergence

Uncertain given administration position/actions
(pro-opening up additional Atlantic coast areas
for oil and gas exploration and extraction but
resistance from nearly all coastal state governors

https://www.boem.gov/Leasing/
https://www.boem.gov/Atlantic-Oil-and-Gas-Information/
https://www.boem.gov/National-OCS-Program/

Development marine
tourism (relates to
social concern)

Increase

Uncertainty around public support (if concern is
high, so will be tourism)
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https://heatherwelch.shinyapps.io/beyond_temperature/
https://www.wri.org/resources/charts-graphs/aquaculture-expanding-meet-world-fish-demand
https://www.wri.org/resources/charts-graphs/aquaculture-expanding-meet-world-fish-demand
https://www.delawareonline.com/story/news/local/2018/02/09/delmarva-company-takes-risk-using-wave-energy-produce-drinking-water/310353002/
https://www.delawareonline.com/story/news/local/2018/02/09/delmarva-company-takes-risk-using-wave-energy-produce-drinking-water/310353002/
https://www.delawareonline.com/story/news/local/2018/02/09/delmarva-company-takes-risk-using-wave-energy-produce-drinking-water/310353002/
https://www.riverkeeper.org/campaigns/river-ecology/waterfront-development-review/united-water-desal/
https://www.riverkeeper.org/campaigns/river-ecology/waterfront-development-review/united-water-desal/
http://www.asmfc.org/uploads/file/55d61d73AmLobsterStockAssmt_PeerReviewReport_Aug2015_red2.pdf
http://www.asmfc.org/uploads/file/55d61d73AmLobsterStockAssmt_PeerReviewReport_Aug2015_red2.pdf
https://www.boem.gov/Leasing/
https://www.boem.gov/Leasing/
https://www.boem.gov/Atlantic-Oil-and-Gas-Information/
https://www.boem.gov/Atlantic-Oil-and-Gas-Information/
https://www.boem.gov/National-OCS-Program/

Biological, social, Projected change (if Degree of certainty/uncertainty Source and context
political, economic, applicable)
technological
Large whale disease Uncertain Potential for big episodic events with big

impacts

Seafood Demand from | Increasing (long term trend | High confident
Foreign Entities will be more aquaculture
than wild caught)
Ability to track / Increasing (35 yrs from High confidence Every individual whale tagged or public access to satellite imagery
predict RW behavior now) where get positions in near-real time

(e.g., identify
adaptation) -- related
to surveillance

technology
Oil spills and other Oil spills - unchanging Oil spills - high certainly; contaminants - less
contaminants (more oil exploration in the | certain
Gulf of Mexico);
contaminants - stable to
increasing
Naval activity Increase Highly uncertain

(shipping, sonar,
drones etc)

Small vessels (capture
vessels not regulating)

Increasing strike
frequency, decreasing in
noise

Medium confidence

Quieter technologies

Larger soundscape
(cumulative, louder)

Unknown (large potential
to decrease)

High uncertainty

Will be driven by efficiency

Predators
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APPENDIX 5. Literature compiled by participants to inform the initiative.

Primary Literature:

Borggaard, D. L., D. M. Dick, J. Star, M. A. Alexander, M. Bernier, M. Collins, K. Damon-
Randall, R. Dudley, R. Griffis, S. Hayes, M. Johnson, D. Kircheis, J. Kocik, B. Letcher, N.
Mantua, W. Morrison, K. Nislow, V. Saba, R. Saunders, T. Sheehan, and M. Staudinger.
2019. Atlantic Salmon (Salmo salar) Climate Scenario Planning Pilot Report. Greater
Atlantic Region Policy Series [19-05]. NOAA Fisheries Greater Atlantic Regional Fisheries
Office. 89 p. Available from:
https://www.greateratlantic.fisheries.noaa.gov/policyseries/index.php/ GARPS/article/view/1
3.

Brillant, S. W., T. Wimmer, R. W. Rangeley, and C. T. Taggart. 2017. A timely opportunity to
protect North Atlantic right whales in Canada. Marine Policy. 81:160-166.

Davis, G. E., M. F. Baumgartner, J. M. Bonnell, J. Bell, C. Berchok, J. B. Thornton, S. Brault, G.
Buchanan, R. A. Charif, D. Cholewiak, C. W. Clark, P. Corkeron, J. Delarue, K. Dudzinski,
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APPENDIX 6. Available workshop presentation slides.

Available workshop presentations included here. To request a copy of a specific presentation,
please contact Diane Borggaard (diane.borgaarrd@noaa.gov or 978-282-8453) or Dori Dick
(dori.dick@noaa.gov or 301-427-8430).
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Introduction to Scenario Planning, Jonathan Star.

1

What are scenarios?

“Scenarios are stories about
the ways that the world might
turn out tomorrow...

...that can help us recognize
and adapt to changing
aspects of our current
environment”

Peter Schwartz

A familiar example (IPCC 2007)
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Scenarios are “alternative
conditions you might face” (Shell 2005)

i

Sowce: 2005 Shel Global Scenarios to 2025

Scenario planning is a technique
that uses provocative stories
about the future...to change the
minds and actions of a group of
people...so that they are better
prepared for tomorrow.

6

Benefits from scenario planning

o Flexibility to react quickly to a changing world
More robust decisions and plans

Innovative ideas

Early and broad risk identification

Alignment towards o common vision

@000

Example: Atlantic Salmon

Purpose: apply scenario planning to explore what NMFS can
do to improve Atlantic salmon resilience in the face of climate
change in riverine and marine environments across the species’
current range

Process: created 4 climate scenarios describing different
conditions
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7

8

Atlantic Salmon Scenario Set
Free Flowing Hanging on by a Stream

Wetter

£

3

&
Freshwater Accessibility

Sogqy but Hindered Hot and Blocked

Example: Atlantic Salmon

Outcomes / Lessons:

* Highlighted most critical and
uncertain drivers to create 4
future scenarios

* Identified high priority actions
that would be useful in any
future and incorporated into
Draoft recovery plan

* Identified recovery needs and
data gaps

* Increased federal coordination
and collaboration

* Built capacity for future
scenario work

9

10

Views from Resource Managers

“The Atlantic salmon climate scenario project was one of the best
prioritization exercises | have ever participated in for salmon. The
process that was developed enabled us to focus on all of the
threats to salmon, rather than the ones that are easiest to
address.”

- Kim Damon-Randall, Acting Deputy RA, GARFO

“The structure of the scenario planning brought together folks with
diverse expertise and made tackling o “wicked” problem both
manageable and intellectually stimulating. The outcome was truly
a collective effort that | was pleased to be involved in.”

- John Kocik, Protected Species Branch, NEFSC

Views from Resource Managers

“l found the scenario planning process surprisingly useful, both as a
means to conceive a range of plausible scenarios and to think
about actions that increase/decrease the likelihood of those
scenarios becoming realized. It seems really useful for highly
uncertain futures, and its values not too dissimilar from the value
of doing safety drills in preparation for various disaster scenarios. If
you have at least thought through possible scenarios, you can be
much more flexible and adaptive in your responses”

- Matt Collins, Office of Habitat Conservation, HQ

11

A typical scenario creation process

1. Clarify the focus and goals
of the investigation (scope &
time horizon)

5. Use the scenarios for
strategy, innovation,
risk, vision-setting

2. Research to identify ESTABLISH

factors likely to shape the

future (drivers) APPLY

CREATE VALIDATE

3. Combine drivers to create a
scenario framework

4. Craft o plausible, challenging
story for each scenario
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Right whales 101: distribution, foraging, calving, etc. Sean Hayes.

1 2

NORTH ATIANTIC RIGHT WHALES NARW Range pre-2010

o - wead alaen whale:
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1. Climate change ' ard B Data Proliminary”
2. Fishery behavioral change '
3. Whale behavioral change

Climate + Fisheries + Whales= less whales ?

MILLIONS OF DOLLARS.

5 6

Maine Lobster Landings Entanglements: rope has become stronger
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Effects of fishing rope strength on the severity
large whale entanglements
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So what happens to whales?

Newton’s 3 |aw Distributional shift

For every action there is
an equal and opposite reaction

NARW Atlantis! (?)

Implies a ‘one-way' trip...

this is not what we are seeing

The map didn’t change....

It grew..

2 things:

* Historic movement
pattern/speed increase

* Range expansion

Effects: "Reduced residence time”
Whales move through same areas, but
harder to ‘capture’

* Old min-number count model fails
* Need new mark & recap model

Impacts Demography at its most basic

* One fishery moves to overlap with whales

* Whales move to overlap with another fishery ) o )
If more animals die in a year than are born in

a year, a species will decline
Why?

* Entanglement/Ship strike Demography is about deaths and births....
* Fear/Stress

* Food

A NOAAFISHERIES
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Projacted female populason
100

50

(123 females)
T

T T
o n 20 »n 40 50

Tirms (years from 2015]

Or anthropogenic mortality?
Imagine a world where after decades of
recovery Right whales...

* had not aged enough to die..

* No ship strike or entanglement..

* They were fat and happy

* Calving rates of 5-7% and hundreds

born/year...

Sex bias- the problem is worse

ABUNDANCE

2010 2015

Trajectory if 2017 mortality rate
continues

Brzjectod tomais popdnton
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NORTH ATIANTIC RIGHT WHALES

POPULATION IN DECLINE _ 4 ® 2
SINCE 2010 >
245 in 2008

1950 N ifthere was

no sex bias..

Only 125
females then?

85% HAVE BEEN
ENTANGLED
AT LEAST ONCE

21

Questions?

Hope- time of great opportunity

We are not fighting a black market fishery
We have the science to inform change
We have strong international partner

We have the power and social network
support to get the industry to lead the
necessary changes
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Right Whale Scenario Planning: Climate Change Projections for the Northwest Atlantic, Michael
Alexander. Appendix 6. Workshop presentations

1 2

Climate Models
Right Whale Scenario Planning:

Climate Change Projections for the
Northwest Atlantic

Michael Alexander
NOAA/Earth System Research Lab

June 2018

Earth System Models — Marine Ecosystems
Ocean BGC Varying complexity:
Carbon, Silicate, Oxygen

Iran

Atmosphere, Ocean, Sea lce, Land
Most current coupled climate models:
Herizontal Resolution ~ 80-200 km
Vertical ~30 layers

Nitrogen, Phosp
Phyto and Zooplankien classes

Century-scale climate model projections

Climate Change: Sources of Uncertainty

+ Forcing
1860 2005 (AR5 2100 Greenhouse Gases (CO,, Methane, etc )
I‘ ‘}, : ——_-_—_—_’—‘ﬁ’__:} Aerosdls, land use, black carbon ...

How will these change in the future?

;'—’ \ Y J “Emission Scenarios’, “what if questions”
Long pre-indus[ria| Hlstol — 100-300 year Answer depends on economics, sociology, etc.
gontmlﬁ period Erg‘em'?n under o + Model Response

reenhouse forced by ITRrent scenarios 1or Model sensitivity — respond differently to forcing
gases set to 1860 observed future greenhouse gas (different physics, parameterizations, resalution )
levels, run for GHG' emissions
multiple centuries T S + Internal (Natural) Variability
to allow climate to volcanoes, - coupled atmosphere-ocean-ice-land interactions
settle into a quasi- | |@"d solar — North Atlantic Oscillation (NAO}
equilibrium forcing etc - Atlantic Multidecadal Oscillation (AMO)

IPCC (AR5) Scenarios
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RCP — Representative Concentration Pathway

SST averaged over NE US continental shelf.
SST anomalies relative to the 1965-2005
climate in each model.
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AMO & AMOC

Atlantic Multi-Decadal Osciltation: 1870-2011
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Obtained from the Climate Change Web Portal
https.Awww. esrl noaa.gov/psdipcc/ocn/
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26 Model Average ASalinity (psu) RCP8.5
2006-2055 minus 1956-2005
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CMIP5 Mixed Layer Depth (m)
March September

CMIP5 Sapaarbe: 19762005

183 1SOW 130 GOW BOW SOW 0 30 GOF

e T o P
2070-200% (ACPR.

Role of Resolution?

Global high-resolution
— Vince - GFDL 2.6 with 10 km Ocean Resolution
Regional Model driven by fields from coarse resolution
GCMs
— US East Coast version of ROMS
+ 7 km resolution
— Control simulation: 1976-2005 observed BCs

— RCP8.5 simulations driven by output from three
CMIP5 GCMS:

» GFDL-ESM2M,  IPSL-CM5-MR. HADGEM2-CC

— Mean monthly 30-year average difference (A)(2070-
2099) minus (1976-2005) added to control

= Climate change signal: RCP8.5 - Control
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ROMS ANN SST (C)
RCP8.5-CTRL (shaded), CTRL (contour)

GFDL-ESM2M IPSL-CM5-MR  HadGEM2-CC

4353252151050 05 1152253 35 4

ROMS ANN Bottom Temp (‘'C)
RCP8.5-CTRL (shaded)

GFDL-ESM2M  IPSL-CM5-MR HédGEM2-CC

45835245105 B8 1 15 2263 25 4
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16

Cross Section
Annual Mean Temperature 42.5° N
RCP8.5-CTRL (shading) CTRL (contours)

ROMS TEMP at 425°N

Summary/Discussion

Climate models provide guidance on how climate may
change:
— Strong warming is likely, could be especially strong along Coast

— Enhanced salinity in s piK at high latitudes, dividing line
around New England

— Enhanced siratification (Shoaling of mixed layer)

= decreased nutrients, decrease PP but a lot of model spread

Difference will arise due to how people use fossil fuels in the
future

Due to different parameterizations models will give different
results

Expect a range of climate change outcomes due to natural
variability even for long-term trends

17

18

Patterns of Surface Fluxes and SSTs:
example North Atlantic Oscillation

J L ey L NN
46 04 02 8 003 02 04 08 I A

Contours are sea level pressure (SLP); vectors - winds
Shading left is SST anomalies, on right is the Flux anomalies
NAQ north-south SLP anomaly pattern over the Atlantic

Future North Atlantic SST changes across
GFDL CM2.1 Ensemble of simulations

Z000 2010 2080 2080 2046 2050
Year

Figure courtesy of Tom Delworth/GFDL Climate
Change Variability and Prediction Group
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Stratification changes CMIP5 SST trends 1976-2099 FESICYRIE@RTd)pnds 1976-2009 (" Cldecs
NCAR-CESM GFDL

NCAR- Srmcen Cirancs

B0 1SN 1GUW GOW UMW EW 0 HE S0E
CESWLENS March

180 GO 120 GOW BOW 30W 0 ME BIE
CHIPS March

“CEEE-EERE~

1B ISHN 120N DOW BOW 30N 0 ME BIE  THO 1SOW I0W COW BOW MW 0 XE S
0504030200 0 0102 03 04 05

21 22

SST Blas ( C) GFDL GCM IPCC Projections of Climate Change
CM21  won e - — =Rl 5th assessment report (ARS, 2013)
e = = aidl H Global Temperature
- by ] IPCC Emissions Scenarios: ] —# E
C N 1 Carbon Dioxide 1= :
E: Concentration o A £ 0] 3
i B - a0 wo Boaoq
Sty B -
. o) E 20- |
R r . Emissions (GIC / yr) 0 i 10
S n g
;. |E: w . sfuiy
. - 1500 2000 2100
a s Yo
T S e i B e e Special Report on
etal 2012 P - ATT ATH A2 B1 82 | Emissions Scenarios (SRES)

23 24

Assessing Climate Change in the Presence of Earth System Models
Unforced Multi-decadal Variability:
The CCSM Large Ensemble Project

NCAR's Community Climate System Model w3 (CCSM3 T42)

SRES A1B GHG Atmosphere
Year 540
— % 40
1850 control  20™ Century | 215t Century
' (2000-2060)
spread is not predictable! -—-- River Runoff

' Different atmaspheric initial states (Dec 1999, Jan 2000) ‘
Same ocean, ice, land initial states (Jan 1, 2000) Model Resolution — varies but roughly 50 — 200 km in the Ocean
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Plan for a range of
climate changes

Decisions shaped
by vulnerability &
risk

Adaptation

Presenr'l' ‘l' Future

Uncertainty

|Signa|: A MeanlUncertaintﬂ

Atlantic Multidecadal Oscillation (AMO)

+ Slow changes in S5Ts aver the North Atlantic,
- cool and warm phases that may last for 20-40 years
difference of about 0.6° C between extremes.

- Index: Detrended 10-year running mean of N Atlantic S5T
anomalies

- Named (in off-hand way) by Kerr (writer for Science (2000)
- First “formal” paper Enfield et al. 2001 {(Geophys. Res. Let)

In models, AMO-like variability is associated with changes in the
Thermohaline Circulation

But, historical oceanic observations are not sufficient to
associate the AMO index to ocean circulation.

Phase of AMO associated with changes in hurricanes,
precipitation in Florida, US droughts
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Carbon Dioxide Concentration
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Natural Climate Variability

Given the nonlinear nature of the climate system very small changes
can result in a very different state of the atmosphere ("butterfly effect”)
after just a few weeks. Extends to the climate system as a whole by
~5-10 years.
This has surprising consequences
‘Won't have skillful {deterministic) forecasts of the atmosphere after ~2-
3 weeks
+ Can't forecast the NAQ beyond 2 weeks
Still have lots of natural vanability at decadal and longer time scales
frequency; e.g
* Can have 50 year trends in a given location In a *2C" century
simulation” where climate modal is initialized in the 19" cantury) a
given time in the model will NOT match nature
« Can't directly compare lime series from medel to nature. Can
compare average over a period

Implications of Experimental Design

* The statistical properties of climate variability
may be captured by a model, but it will not be “in
phase” with the historical record.

+ Often use “ensembles” a set of simulations with
the same forcings that only differ by their initial
conditions

— Spread of ensemble members measure of natural
variability)
— Each ensemble member is equally likely
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Should | weight models based on skill metrics?

» Active area of research that could reduce uncertainty
due to inter-model spread

» No accepted method - many cases where a model's
ability to match contemporary regional features was
unrelated to a model’s ability to match the warming
trend (don't like draft a “good hitting” pitcher in the
American league)

« Present default is not to weight, though some “culling”
of highly aberrant simulations may be necessary (e.g.,
Overland et al., J. Climate, 24 2011)

Stock et al., 2011, Prog. Oceanogr, 88, 1-27

Regional Climate Change

+ Regardless of scale can bias correct
— Simplest is the Delta method
+ Assumes Change not influenced by model bias

+ Use current GCMS
— Lack key features
- ~2 grid peints in gulf of Mains
+ Increase resolution of GCMs
+ Starting to happen but very computationally intensive
= Mot all biases improve
Dynamical Downscaling

- Use finer scale physical models in a region where boundary
conditions are provided by GCMs
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Projected Changes in Weather Extremes

Table 1: Extreates. of corbrence in cbaend snd projcted changes 1 axems wealhar and cimate sy

Confidence in chssrved changes Changes in Phencmanan Confidence in projected changes
{latter half of 1he 20th cantury) {during the 2182 century)
Loty Highar maximusm temperatures and more | Vory kol
hot days over nearly all land aneas
Vory licaly’ Mighar minimum temperaturss. fowsr | Vory iy’
cold days and frost days over nearly
all land areas
Vary ol Paedliscad diamal lemparature Fangs cvee | Vary sl

most and arexs
Likaiy’, over many areas Increase of hoat index'’ over land areas | Very ikoly’, over most areas

Liedy”, avar ey Mt Hervissinens | Mare intenso precipitation svents!
mid- 10 high laftude land aress

Vary Whasly”, over rary arsas

Likety’, in 2 fow aroas Increatsd summar continontal drying Likaly”, over most mid-datituds contranal
Lk of

and associsted sk of drought

Not chaerved in the lew analyses Increase in tropical cyclons peak wind
avanatia Inlarsitios

WrsLlciant cata e ARSARSTEN Increats In tropical cyclons mean and | Likely’, over soma asas
penk procipation intemsities

Internal Variability in
Relation to Forcing and Model Sensitivity

Time Scale:
+ Forging - long timescales
+  Model Sensitivity — all ime scales
« Internal (Natural) Variability — short (< 10-20 years?}
= Increases as the spatial scale decreases
— Will differ by variable
= Larger for precipitation than temperalure in most areas

Model Experiments:
+ Examine internal variability by using more than one run, i.e. an
ensemble of simulations

+  Nearly all climate change studies have used one or a very
small number of ensemble members
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Climate variability in century-scale
physical climate models

= Many climate models produce realistic
representations of prominent modes of
climate variability

+ Can use climate change projections to study
climate variability, but don’t expect to be “in
phase” with observed variability

» Ensemble means and focusing on differences
between multi-decadal averages across
century time-scales helps isolate the climate
change trend

Potential temperature (CESM)

N
_M_HI I'_

)
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Using NOAA'’s high-resolution global climate model to assess climate change impacts in the
Northwest Atlantic, Vincent Saba.

Northwest Atlantic Oceanography

Using NOAA’s high-resolution global
climate model to assess climate change
impacts in the Northwest Atlantic

NOAA
FISHERIES ‘incent Saba
Northeast NCAA Northeast Fisheres Science Cenler

Fisheries Science
Center

EXEEXX

Tewnsend et al.
2010)

U.S. Northeast Shelf - Warming

Warming in the Gulf of Maine

Gulf of Maine

Ocean surface temperature has
warmed faster than 35% of the
giobal ooean {Pershing et al.
2018,

Warming ocean, fish on the move Warming ocean, fish on the move

Atlantic cod & Black sea bass

NOAA Survey Data | iy NOAA Survey Data

S5/ NOAAFISHERIES iy - e ST/ NOAAFISHERIES
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Earth System and Global Climate Models: SST bias
| e change
A global perspective on CMIPS climate

model biases

Chvamzai Wang", Uping Thang 7, Sang-Ki Lee'™, L Wi and Carles . Maschose®

Atmosphere Sea lce Modal
m:r"'m” resoiution Land Madel  (snow & soa ice
i (vertical layars) max. albedos)

17 (50) 2*(24y LaD 515 (0.80 & 0.58)

11(50) 0.5%{32) M3 SIS (0.85 & 0.68)
0.25" (50) 0.5°(32) Lm3 SIS (0.85 & 0.68)

.47 {52} 0.5 (32) LM3 SIS (0.85 & 0.68)

Global Climate Models: Resolution

Saba et al. 20

Northwest Atlantic — Projected ocean warming (2xCO,)

Northwest Atlantic warming and AMOC

1870-2016 November—

+1to +2°C ¢ 3 CM2.6 AMOC
+1to +2°C : g A e .

+4 to 46 °C
+25t0+15°C

High on Madel

Caesar, Saba ef al. 2018 Nature
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Atlantic cod thermal habitat projection based on Summer flounder thermal habitat projection
NOAA GFDL’s high-res. climate model based on NOAA GFDL's high-res. climate model
Atlantic cod ; Summer flounder

. A Coa
-Sa

Year 1
Projected Thermal Habitat i ¥ Projected Thermal Habitat

Kleisner et al. 2017

Distance from port to Calanus finmarchicus projection based on NOAA
fishing areas GFDL's high-res. climate model

FDLs high

nce o port under
1 Warming

Does not account for:

Fishing mortality
change.
Species interactions.

ieve, Hare, Saba 2017
ner et al. 2017 Saba 201

Piscivore overlap projections based on NOAA Laboratory Studies
GFDL’s high-res. climate model
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Characterizing some aspects of ‘South Atlantic Bight” oceanography, John Quinlan.

1 2

R , e Only looking at the southern region. -
Characterizing some aspects of ‘South Atlantic Bight” oceanography d 0 =
GARFO shapefiles used. - — X
. = Sk
Approached the from the perspective of retrospective TRENDS and EVENTS: - - _/_"-.’
/
- Regional sea surface temperature Winds and reshwater discharge are = - )
« Wind speeds major structural processes on inner 1 / r
shelf of SAB. =
-
Quter shelf has Guif stream influences
as well. Area can be swept by ]
meanders. \
John & Quinkan, PhD e —
SEFSC— Miami Data sources used are satellite 55T and \ ( |
John.a.quinlan@ nosa.gov same buay data (possibly) H [

[ orme——

224, 1008

3 4

Linear Trend in Daily SST 09/01/81 to 05/27/18 Selocted Cells
= a1
Large scile context: " *»
QST - % degree gridded Thisis a snapshet from
. T01/BL
Showing cell by call trend in
the dataset o Aed dots fall within the !
southern critical habitat area
Units: Degrees per Decade oo
12
o
an
wb
and
) ae
[Apologize for the crude plots "
new analysis wifo much an
time)
a =%
a6
Time series plot from " " -
1:331:9:01: Mo Uy OUSSH for ha Soubum Halblal Zona o Atfanic Area = Dally isen Bam Buace Th
Datare meandally St another way to lock at the time -
IST for the entice - - -
area within the = ’
:::"m hatat = | Data are agaln mean dally OISST for ot
. 5 | the entire area within the southern P
Blue bokes are B | Ihabitat oo, et
il | I |I — A
Good thight studies, & | 2long the y-axis and the color s the E -
: e imean temperature for the habitat sa}
Because this is L aea. wl
averall mean fram
Peime period of interest is
O4SST, don't expect e
e December thiough March
temperature range " - b}
a5 in Keller or Good. 9084 1908 i =) 09 o B ET ] o
2007-0n seems -
coaler....
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Using this frame
warm and cold e

-Lmm

Set 1993 to 2005 as
covered

'L

Time

senEsseces
EEwEEnEEaEEEYanEaayEy

9 10

St it i W Do g At

Next steps —

« Contrast these data with in situ observations

* Wind stress and storm tracks/met system types
» Get a handle on the wave fields
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HABs and right whales, Quay Dortch.

1

HABs and Right Whales

Quay Dortch
ECOHAB & PCMHAB
Program Manager

Major Caveat
Human Not Whale Centric

Sampling and understanding focused on protecting
human health from toxic shellfish/fish. Blooms
near shore could be no threat to whales and
blooms off shore no threat to humans and missed.

HABs

HAB Threat to Whales

* Toxins accumulate in prey

* Lethal

* Interfere with reproduction

* Sub-lethal effects on behavior

* Examples from this region and other regions

Name Muman& | Fish Water
Animal® Kills Discoloration
Poisoning
E I | Amnesic Shellfish Poisaning (459) Yes** [ No
Ciguatera Fish Poisoning (CFP) Yes No o
3 - Diarrhetic Shelifish Poisoning (D5P) Yes No No
- Neurotoxic ShelHish Poisoning (NSP) Yes** Yes Yes
B [ | P2ro'vtic shewish Poisoning (PSP) Yos** Yes. Yes
[7] . | prown Tice No Yes Yes
[7] - | cyanonans Yas** Yos Yes
Golden Alga Mo Yes Yes
E| Il | *oriodinium, Cochiodinium, Korenio o Yes. Yes
mikimotoi,
*Mammals, birds, turtles, often protected species
**Can cause human or animal deaths

HAB Threat NARW

Alexandrium = Pseudo-nitzschia > > > >Dinophysis
>>>>3>>>>>>>>>> All other Known HABS
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Alexandrium catenella PSTs
Gulf of Maine m

= WGOM ~~EGOM ~—BOF ~=Total

1 |

undance (x 10

— .

Year

From Don Anderson

2N INN2010201 1200 Z201 320142015206

What controls Alexandrium blooms

* Cysts
* Interaction of Growth and Loss with oceanographic conditions - -
* Changing water masses & Si/N availability
* Scotia Shelf Water
* Lower rutrients, Si=i
* Diatoms use up both, no excess N, no Afexandrium bloom
* Warm Slope Water
+ Higher nutrients, Nas!
* Diatoms Si imited, N excess, Alexandrium bioom
+ Varias months to years (Artic Malt Water role?)
= Increased “window of opportunity” or not?
* Cysts germinate over specific bottom water temperature range
* If bottom waters warm, time they are warm enough increases, earlier bloom, more cysts
germinate
* Butif nutrients depleted, maybe earlier bloom but not longer bloom

10

Time Line of Pseudo-nitzschia
Northwest Atlantic and Gulf of Maine

Nov.-Dec., 1987 PE| Event >100 human ilinesses & 3-4 deaths, “Nitzschia pungens”

2002 southern Gulf of St. Lawrence Canada—shellfish harvesting closure P. seriata

2004, 2005, 2008 Quebec shore Gulf of St. Lawrence sea scallops closure

2008 10 days SW coast NB, Bay of Fundy to US border shellfish harvesting closure

ID 14 species, including toxigenic species, in Gulf of Maine

Sept. 2016 Maine closure shellfish harvesting, shellfish recalls, P australis

Oct. 2016 Bay of Fundy shellfish harvesting closure, P. australis

Oct. 2016 MA and Rl Precautionary shellfish harvesting closure

Mar 2017 RI Shellfish harvesting closure, P. gustralis

Sept. 2017-Jan 2018, ME shellfish harvesting closures,
shellfish recalls

Kate Hubbard, pers. comm.

HABs and Climate Change

Environmental Factor Hydrography
17C  f svmscaion foa | S gramng nme
PO (. S A !
t te 1 t
g Lo [l te2 1
3
g v (b e 7 et
Tes t ot
el 0
Col Toiciy ? 2 t 1 1 ::T;el\:

11

12

Long-Term Changes in Gulf of Maine Productivity
» Changes in water masses providing nutrients (Townsend)

* Lead to less productivity

* Increased DOC (POC) in rivers (Balch 2012, 2016)
* Yellowing of Gulf of Maine over last 100 yrs
* Lead to lower productivity
* Increased T and stratification in some areas
* Earlier spring bloom
* Faster growth rates
* Nutrient limitation
* Net effect on productivity unclear

M“zl\_s‘sachqsetts Bay 1992-2010 Productivity

I
|
|
|
|
I
400 |
I
. |
) [
I Fram McManus et al, 2014

1997 1994 1996 199K MO0 2002 20 206 NGE 2010
Year

Ourtfall Diffuscr
Relocation

Anaial Primary Production (g C m ™" year™')
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Productivity Gulf of Maine N Atlantic Transect

g ww
5 ] +A|;Cma-Av|P_z‘
@ 1 -
=
N
(S |
== w0y
ERCI
3% 't
bz 'l
= 1
o ol '
& i \ \
= i s \
- 001 » 5
000 20020 2004 2006 2008 2010 2012 20M4

Year Balch et al. 2016

Personal communication
Kim Hyde
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Gulf of Maine Chlorophyll

gy

o Aiini kb

bl L = i +

YR
P \ ,
A I 1o LAYV
Tian et al. 2015

" r——— Black line Model
r, Red Dot SeaWIFs
% Black Dot Water Sample

NE Continental Shelf Spring Chl Anomaly

wwen Georges Bank

. T Mic-Atanuc Bign

AFAPA

NEREE
[AEEN
veand

s
IZ - -
E GIPPEPIPOPPPIPErT FAIPEPERIPIPERERE  PEPEFIPPPPIPITPGY
) - 7| = Eastem Scotian Shelt
- ol o
- M
i :
- -
GFIIIPIIIPIPIPI T PPRIIPIPIPIILITET Saba et al. 2015
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Future Projections 8 Earth Systems Model
Northwest Atlantic

CanESM2

IPSL-CMSA-LR

GFDL-ESM2M

* Projected 50 yrs

+ “large spatial and inter-model
variability in future trends as well as

h Ly MPI-ESM-LR
in the historical mean depth- HadGEM2-ES
integrated primary production” NorESM1-ME

* “no conclusion can be reached CNRM-CMS
CESM1-BGC

regarding future primary production
in the northwest Atlantic using these

results”
Laboie et al. 2017

Conclusion

Uncertainty
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Zooplankton Distribution in the Northwestern Atlantic, Harvey Walsh and Catherine Johnson.

Zooplankton Distribution in the
Northwestern Atlantic

FISHERIES

NEFSC - Ecosystem Monitoring (EcoMon),
Harvey.Walsh@noaa.gov

DFO Bedford Bedford Institute of Oceanography -
Atlantic Zone Monitoring Program (AZMP),
Catherine.Johnson@dfo-mpo.gc.ca

2

NW Atlantic Zooplankton

DFO- AZMP, Mackere| Survey

Multiple Agencies and Programs wGOM: U Naine, GMRI

+ Different Regions
= | abrador Sea & Newfoundland
= Gulf of St. Lawrence
= Gulf of Maine
= Mid-Atlantic Bight
» Different Gears and Protocols
= Ring nets- vertical tows
= Bongo nets- towed gear
= Varying depth ranges
+ Different Analyses

3

4

Acl

Papi

The
and

Paul

Calanus working group: Sorochan, K, 4.1, Plourde, §.2,

Thompson, C.% Johnson, C.L.'

! Fisheries and Oceans Canada, Bedford Institute of Oceanography,
Dadmauth, NS, Canada

Faheries and Coeans Canaca, Instiut Maunce-Lamontagne, Mant-Jok,
Crkbec, Ganada

*Fisheries and Coeans Canada, North Atlarfic Fisheries.
Carada

“NOAA MMFS Mortheas! Fisheries Science Center, Narragansett Laboratory,
Mamagansett Rl USA

*Schoal of Marine Sciences, University of Maine and Gulf of Maine Research
Ity

in Calanus biomass on the northwest Atlantic shelves
Journal of Plankton Research, Volume 41, Issue 5, =
https://doi org/10.1003/plankt/fbz044

NW Atlantic Zooplan kton

knowledgments

in, P2, Marse, R 4, Richardson, D4, Runge, J.5,

Center, St Johos, NL,

te, Portand, ME, USA
North Atlantic right whale (Eubalaena glacialis)
its food: (Il) interannual variations

la Fratantoni- NEFSC

Species and Size

Estimated Prosome Length (mm)

Calanus hyperboreus

. Arctic
Calanus glacialis -

Calanus finmarchicus G Large
Warm Offshore

Pseudocalanus spp. @ & Pleuromamma boreali
Centropages typicus D D Clausocalanus spp.
Centropages hamatus < @ Mecynocera clausi
Temora longicomis O Small /| Warm Shelf

5

6

Cold Water Taxa
* Calanus finmarchinus

Warm Water Taxa
= Centropages typicus

Seasonal Life Cycles

* Winter Overwintering

« Early Spring N — S Expansion
« Summer Peak
* Fall Retreat

= Spring Low Abundance

» Summer S - N Expansion
« Fall Peak

« Winter Retreat

NW Atlantic Zooplankton
MAB - Scotlan Shelf

3 ~ Prim Sead. Rabo

10 5

Large Copepods
Cal fi hi
alanus finmarchicus GAbundance Declining

Pseudocalanus spp. O

Centropages typicus D Small Copepods
Centropages hamatus <> | Abundance Increasing
Temora longicornis ()
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NW Atlantic Zooplankton
GOM - Scotian Shelf

Calanus hyperboreus .
Arctic
. Abundance
Calanus glacialis .
Declining
Warm Shelf & Offshore 5 nlsili
Abundance Increasing Bl - 5
Pleuromamma borealis € 8

Clausocalanus spp. ¢
Mecynocera clausi <
Pseudocalanus spp. D

Centropages typicus D

NW Atlantic Calanus

&

1999 - 2016 i
+ Highest Abundance - Gulf . [S83
of Maine
* Highest Biomass - Gulfof
St. Lawrence

* Regions of Super Abundance

= Need Source of High Abund |
= Diapause Survival a’{ E
= Physical / Bio Interactions ~ © =
= Phytoplankton / PP —p
* Mesoscale features for = =
Aggregation 8{ == -

9

10

Considerations for Future Projections

Importance of Biomass (Energy Content) vs. Abundance
+ Bigger is Better
Increasing Water Temperature N
+ Warmer Temps, Smaller Size -~ j—
« Lower Lipid Storage? - e
+ Warming of GSL - ([P o
* Potential Impactson C. ... |
hyperboreus ' 2
* Decreased Survival During
Diapause With Reduced Shelf
Habitat?
+ Optimal Temps <5°C,
Krumhansl et al. 2018

Considerations for Future Projections

Changing Climate and  North / South Exchange of Taxa

- Oce\.gnography + Supply of Calanus from
) r.‘.'..: T, . 2 H
Py ’,f»;!- N Ove.rwmtenng Diapause
e e 4 Regions
o * Northward Shift of Warmwater
Taxa

* Destabalization of the
Gulfstream on Gulf of Maine

7
- and Scotian Shelf, Andres

2016
e |+ Temperatures and Taxa

NOAA Questions?
FISHERIES

NEFSC

Oceans and Climate Branch

({formerly Oceanography)
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Primary productivity, Kimberly Hyde.

Primary Production

NOAA
FISHERIES Kimberly Hyde
Northeast
Fisheries
Sclence Cantar
June 25, 2018

Primary Productio

e e T

O AT A T Lo

S NoaasHEnEs

U g o e | R v s A Ay | R0 i | P

Phytoplankton Composition

Satellite ocean color data is used to derived phytoplankton
functional groups a series of Remote Sensing Reflectance
(Rgg) band ratio algorithms at 490, 555 and 670 nm.

(Pan 2010 & 2011)

s NOAA FISHERIES us |

6

Primary Production

Modeled primary production and the percent microplankton
chlorophyll is used to estimate microplankton primary
production based on an empirical relationship derived from
in situ measurements collected during MARMAP.

Parcent Microplankton Chioroghyll (%)

0 4 [ [} 00
Parcent Microplankion Production (%)

U Db o e | Rl s g A tabin | A e | Bt

& NOAAFISHERIES

Phytoplankton Composition

JANUARY
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MicroZooplankton

Nano-Picoplankion

Upper Trophic Li

MesoZooplankton

Benthos

Suspension-Feeding
Benthos

Microplankton

U4 Dt o v | R s Mgt kit | A Faas | B |

eading

Other Products

U Dt G | Aobiad Crni o g hrmnibin | R s | P

1.08 11
Chiorophyll Gradient Magnitude (ratio)

U4 Dmprt o v | R s Aspt s kbt i | 0 s | P b
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Non-climate/physical drivers: Shipping Interaction and Fishing Interaction Mitigation, Mike
Asaro.

1 2

Current US Management Efforts

1. Vessel Routing Measures
+ A series of measures, a multi-party effort
2. Mandatory Ship Reporting System

Non-climate/physical drivers:

FISHERIES Shibping Interaction Mitiaati
Protectsd Resources IS L pa el L o] + Since 1999, a joint USCG and NOAA effort

m Fishing Interaction Mitigation 3. Endangered Species Act
a1 A + “Ship Speed rule” since 2008 to reduce ship strike
Greater Rﬁan_ﬁc Regional 4, Marine Mammal Protection Act
Fisheries Office . . .

= Atlantic Large Whale Take Reduction Plan since 1997

S0z AL to reduce lethal entanglements

1. Traffic Separation Scheme into Boston 1. Great South Channel ATBA

I« In 2007, rotating the scheme 12
degrees to the north may reduce
risk of ship strikes to endangered
right whales by 58% and to all
baleen whales by 81%.

+ Right whale sightings over a 24
year period were analyzed.

« Transit time were estimated fo St el e o Gimilar sights-based studies were
increase from 9-22 minutes. used to create ‘recommended

« In 2008 TSS into Boston was also routes” in transits toffrom Florida,

narrowed - each lane reduced Georgla, and Massachusetis.
from 2 miles to 1.5 miles wide.

* Reqguest to the International
Maritime Crganization in 2009 for
an Area To Be Avoided (ATBA).

+ In Great South Channel, based on

~historic right whale sightings.

2. Mandatory Ship Reporting System

« Since 1999, vessels 300 gross tons or greater report in

* Return message contains:
« Recommended ship strike avoidance measures
= Recent right whale sightings
= Active right whale speed restrictions

- -

WhalesNORTH WhalesSOUTH
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3. ESA - Ship Speed Rule

= Since 2008, a two-part strategy of Seasonal Management
Areas (SMAs) and Dynamic Management Areas (DMAs)

« Seasonal Management Areas:

= Mandatory 10-knot speed restrictions for vessels 65
feet in length or greater on the US East Coast

* Dynamic Management Areas:

« Voluntary, 15-day speed restriction areas triggered by 3
or more right whales

NC¥' NOAA FISHERIES

TRrW il W el AT

+ Fasorn

" Northeast Seasonal Management Areas
& Pons

40N

Brasenal Managem ee Areas
imandatory 10 knet spesd restriction sones)

SR parth Atlantic Right Whale
) Feeding Areas

i

L

10N Fazoon

Migratory Route &
Calving Grounds
November 1 threugh April 30

Mid-Atlantic Seasonal Management Areas
o Pars »

U ——
Lo pmandatory 18 knat speed restrction)

(L)
aliiitsis

11

—xn

Southeast U5, Seascnal Management Area
o P |
—— Bundaton; Shp Rusering s + T
S8 Sussensl Usnmerunt s

Right Whale Dynamic Management Area (DMA) in effect through June 30, 2017
rrevw rroww oW o erw

P

4, Atlantic Large Whale Take Reduction Team

+ Established in 1996 under MMPA
+ Purpose: to develop a take reduction plan for reducing
the incidental take of right whales, humpback whales,
fin whales and minke whales in commercial trap/pot
and gillnet gear in U.S. waters from Maine to Florida
* Goal: reduce serious injuries and mortalities fo < PBR
(PBR=0 for Right Whales at that time)
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Team Membership

Trap/Pot Industry
Gillnet Industry
Conservation/Environmental
Academic/Scientific
State Managers
Federal Managers
Fishery Mgmt Organizations
Total

lingt as well

Weak Links and Gear Marking

« Weak links are required coastwide

A9
= Gear marking is required coastwide

+ Including two areas of importance for right whales with
specific marks (Jordan Basin and Jeffreys Ledge)
+ 4,008 vessels are required lo gear mark with three 12" marks

\;’ NOAAFISHERIES

17

December 12, 2014

Sinking Groundline Rule

« Atthe 2003 ALWTRT meeting, by consensus, the ALWTRT agreed to
two overarching principles associated with reducing large whale
entanglement risks:

+ Reducing groundlines in commercial trap/pot gear; and
* Reducing vertical lines (endlines or buoy lines) in commercial
trap/pot and gilinet gear.

+ The ALWTRT agreed to focus first on addressing the groundline
entanglement risk.

+ Lengthy rule development process that ultimately led to the
implementation of sinking groundline requirements for all trap/pot
fisheries throughout the entire east coast.

* NMFS finalized in October 2007 and it became effective in April
2009

Vertical Line Rule

* Final Rule Published in June 2014
Increase the number of traps per trawl based on area fished and miles
fished from shore [{0-3), (3-12), (12+)] and [{0-3), (3-6), (6-12){124)]
Closure: Created the MA Bay Reslricted Area to be closed February 1
— April 30 to trap/pot fisheries (Amended December 2014)
Some exemptions to the minimum number of fraps per trawl

«+ Y mile buffer from shore around islands (Monhegan, Matinicus,

Ragged Islands).

+ Mew Hampshire state waters
In BER require single pols/traps, weaker weak links and breaking
strength of vertical lines

More robust gear marking program coast wide and monitoring in the
Mid-Alantic.

Legend

o [T P

[ P ——

I swavacen Basuimters Lncgs Rurcs Ams
] hermam hesabors TraaPur Wamn
pa—

S soutm Masasers Fraput i
mrars Tapee v
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TRT Activities in 2018 1,700 Ib. Breaking Strength Rope
(a) i
+ Planned: October 2018 TRT meeting to consider measures 50 Higie e
that necessary to reduce the effects of gillnet and trap/pot _ ®scuere
gear entanglements on right whales 2% 7| amoserate «e
g ) OMinor [ °
+ Ongoing: Two TRT Subgroups investigating the feasibility &
: @20 1 A ‘ ’
of: £ o A
1. Ropeless fishing Eu r;{"a 1,700 1.
2. Whale release rope & gear marking o4 _
5 10 15 20
Rope diameter (mm)
Source: Knowtton ef al 2016
Y e
1,700 Ib. Breaking Strength Rope Ropeless Fishing
(c)
50 T . Figure 4. Trap recovery methods, including (top) bottom=
S Aduit stowed rope, (middle) variable buoyancy traps, and (botton
g 80 || Aluvenile5-8yo ® A docking system.
r Biuvenile 3-5y0 °
?30 || ecalffjvenilenz yo ! ]
% OUnknown age
Zf R
2 .ﬁdﬁg 1,700 Ibs.
o
5 10 15 20

Rope diameter (mm)

Source: Knowlton ef al. 2016

ACF| NOAAFISHERIES

Source: M. Baumgartner

A/ NOAAFISHERIES
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TRT Subgroups

Questions?

Focused on feasibility

1. Technological feasibility: Does the tech exist?
2. Functional feasibility: Will it work?
3. Economic feasibility: Is it cost-effective?
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Aquaculture, Kevin Madley.

1

Aquaculture Is Expanding Rapidly
Worldwide

Future seafood
supply growth will
come from
aquaculture.

Histewical and Projected Global Aguacidnre and Fisheries Production

* Wild fisheries alone
cannot meet
increasing demand
for seafood.

2014 world aquaculture owtput by tountry
s, 04 |milbe tanass)
o, n\..flwcomnn
[ om

Aquaculture is g

critical to the global

ood supply. A S
9' NOAAFISHERIES 04 Dmpar o Cimrrane | R o 32 gt A | 1S o | B | e NOAA FISHERIES
~ &

3

4

FEED GONVERSION IIATIO

d required to gain one pound of body mas
H
I

Environmental Impacts

FOOD PRODUCTION
AND

e -
Agri i
griculture Protein 6.8
Sources
ﬁ NOAA FISHERES a NOAA FISHERES

5

Driving Forces in Seafood Production

* Global demand for seafood growing: we will need an additional 40m
tons in 20 years

* Federal nutrition guideline: eat 2x more seafood

* Jobs, especially in coastal fishing communities

* Seafood security: ~90% of seafood Americans eat is imported, ¥ of
that from aquaculture. Growing middle class in Asia and Latin
America is competing with us for that seafood.

* Reduce $14b seafood trade deficit and create export opportunities

U5 Dol of G | R vt s g bt abin | PERL ot | Fam

S NoARRISHERES

& NOAAFISHERES
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Atlantic EEZ
aquaculture
operations s«

FISHERIES

= Two USACE pemmits have been provided for
current Atlantic EEZ aquaculture operations
(pilot scale). Both are blue mussel operations.

+ Approx. 8 miles off Cape Ann is an blue mussel
longline operated by Salem State U.

+ The second is in Nantucket Sound but as of yet
has placed no gear in the water.

v

Atlantlc EEZ aquaculture
{ |proposals

FISHERIES

= Manna Fish Farms (MFF}

« B miles off Shinnecock Inlet, NY

*  Proposing to farm striped bass and steelhead trout

»  Submitted applications to USACE and NY DOS in 2017, Now working through requests for additional
information {including an atemative siting analysis)

Requested the NMFS assess app of DOC
bass in the EEZ.

MFF has intiated discussions with NY and ASMFC,

restricting p and harvest of stiped

10

Atlantic EEZ aquaculture
proposals

FISHERIES

Stakeholders have also contacted NMF S over the past two years seeking guidance on processes
bo permit EEZ operations, such as:
Tuna farming off NJ and NY
+ Steelhead trout farming off New England
* Blue mussel farming off Rl and MA
+  Oyster farming off RI, MA and ME
»  Kelp farming off RI, MA and ME

Additionally:
» NC has requested NOAA, MAFMC, and SAFMC develop a permit process for aquaculture in the

* SAFMC has expressed interest and bequn plans for an aquaculture FMP in the future

11

12

Science for Management

* Regional Siting Models
* Water Quality/Benthic Models

* Genetic Effects of Escapes - OMEGA
model

* Ecosystem Services of Shellfish Farming

* Effects of Ocean Acidification, Changing
Ocean Conditions

* Pathogen and Parasite Vectors

S NoARRSHERES

Location, Location, Location!
T T
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14

SNCCOS zzeomee,

mmer 2018

Gulf of Maaco

Hawaii

15

Drone Tug - an autonomous tractor

3 Globalization Event with
Artificial Intelligence

ﬁ NOAAFISHERIES

Questions?

kevin.ma
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Offshore wind — U. S. Atlantic Coast, Julie Crocker.

2

Offshore Wind - U.S. Atlantic Coast

NMFS GAR Right Whale Scenario Planning Workshop * June 25-26, 2018 * Julie Crocker NMFS

BOEM Leasing Process/Timeline

Lnaing Proces BOEM Deerms €0 BoaM
oomcy s
D @

. ' .
s o @ =+
Jo—-=o——-a¥]

[ T
p———
- L ] L ]
A @ #*

Submit COP

Infographic courtesy of BOEM

4

NMFS Regulatory Role
Endangered Species Act

= Section 7 consultations for any federal actions - site
assessment activities and COP

Marine Mammal Protection Act
+ |HA for surveys (typically), IHA or LOC for construction
National Environmental Policy Act

= provide technical expertise, comments, efc.

S g e S Py g« e X0 | B 3

BOEM Leases Issued to Date

Leasing

*+ Since 2009, BOEM has issued 13 commercial wind
energy leases in the Atlantic

* Upcoming Lease Sales in MA & NY

. %1 Site Assessment Plans (SAP)
* 3 approved (MA, RI VA)
+ 3 processing (MD, MA, NJ)

Construction and Operations Plans (COP)
» 1approved (Cape Wind)
+ 1 processing (Vineyard Wind)

FRET P i i B it 1 | P

image courlesy of BOEM
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Projects in the Pipeline
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8

What Does a Wind Farm Look Like?

15 MW Turbines are on the drawing board
Larger turbines = fewer turbines and wider spacing

~ .
2005 ms 2025
20 i AW tarbine . g Se1e Madufing
e et o 243 mall
80-m rotar ree— 2 raten

A Rt Wl o P ot e 31 | Fge !

images: National Renewable Energy Laboratory

Foundations and Construction

r-;-;i S

e Depths of 0-50m currently considered viable for existing foundation
technology

e “floating" turbine for potential deeper water use being tested at U. Maine

» Spacing between turbines depends on turbine size, site conditions and other
concems

» Piles need o be driven into the seabed with specialized equipment

« Likely no more than one foundation installed per day, with pile driving up to a
few hours

L e L

9

10

Construction/Installation

[ S ——

Getting the Electricity to Land

- Offshore Wind Electric
Service Platform
(Substation)

Oftshore Wind Electric Cable Schematic from Turbines to On-
shore Grid Connection

= Cables are typically buried & feet below the sea bed -
likaty with & jot plow er similar equipment

» There are likely to be “inter-aray’ and ‘export’ cables
and may be more than one electric platform

images: Maticnal Renewalle Energy Laberatory T s S P sl b 0 | P

11

12

Considering Right Whales and Offshore Wind

Pre-Construction

* noise exposure during shallow hazards surveys
* increased vessel traffic during surveys

During Construction

* noise exposure - pile driving

+ habitat disturbance - foundations and cable laying
+ increased vessel traffic

« displacement from area?

+ effects to prey?

N g e s P e 1D | P 1

Long Term/Post-Construction Considerations

Displacement/Avoidance of the area?
Changes in fishing effort/distribution?
Shifts in vessel traffic?
Operational noise (likely not a
concern)

Prey/Oceanographic changes?

Rl S B i B

image: USCG
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APPENDIX 7. Full transcripts of workgroup Scenario Deepening worksheets Note: Participants were
encouraged to think as broadly and unrestrained as possible, therefore, what is recorded here includes
thoughts that are not fully formed and do not represent agency policy.

In your scenaria: Scenario Mame: Limited Options But Alive

Main region climate features:

= ‘Weakening AMOC
= Increased nutrients
= Change in prey field

» Change in competitors (fish on the move)

L]

Unknown change in residence time in old and novel habitats

Notable non-climate features and developments:

» Imcresse in HAB episodic events
+ Changes in fishery targets and practices
+ Energy explorstion (wind, oil, gas) increases

significant events and developments:

2020-2030 2030-2050 2050-2075
» Econamic viability of fossil fuel driven
activities decrease
+ Decrease in wild caught lobster
= Increase in black sea bass and aquaculture
What are the main changes in conditions/impacts on right whales:
Region 17 Region 27 Region 37

+ Imcresse incold snaps, short, cold winters
+ Imcrease in poor calving conditions or
increase in variability

= Prey abundance increases but prey size and
prey guality decreasss & feeding rates
increase

= Increased residence time to feed in region

+ Prey abundance increases but prey size and
prey quality decreases & feeding rates
increase

In your sCenario:

Scenario Mame: Thrive

Main region climate features:

= Foraging = dense prey patches

= AMOC = more slope water, increased productivity, zooplankton, phytoplankton?

= Meed to understand relationship between AMOD

C and primary production

Notable non-climate features and developments:

= Increased societal value = increased awareness =+ increased -

econamic activity - increased funding 3 politi

= Adoption of ropeless fishing [fishery may be different, L.e. no

lobsters but crabs)
= ‘Whale safe aguaculture, shipping renewables

cal will .

Remediation of human activitizs happens quickly
Improved surveillance =+ better understanding of distribution/demographics

[coustics, tagging, drones)

+ Improved akility to predict episodic events and to respond
+ Ability to detect prey aggregations and to manage preempiiveby

significant events and developments:

2020-2030 2030-2050 2050-2075
+ Ropeless -» experimentation prototype # Maszs production/reduced costs for ropeless | « Phased implementation of ropeless fishing
development technology + Implementation of guiet shipping

+ Whale safe lobster campaign
= Ouisting ships < prototype of quiet ships

# Mass production of quiet ships

What are the main changes in conditions,/impacts on right whales:

Region 17 Region 27 Region 37

+ Conditions for calving are favorable (e.g., + Expansion of calving into this region +  Cglanus moving north, optimal feeding
»  Full utilization of range maowes north

warm and calm)
Full utilization of range
Improved socialization/communication

+ Improved socialization/communication
Increased awareness of value for protecting

+ Improved ability to find mate

R\W's

»  Full utilization of rangs
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In your scenaria:

Scenario Name: Dive

Main region climate features:

+ PReduced scotian shelf water in the Gulf of Maine -

» Incressed salinity in Gulf of Maine
= Wanming

» Gilica limitation - Fewer distoms = Fewsr copepods -

nore frequent cold snaps in south

= EShifting copeped phenology and increased match)/mis-match
= Distance between calving and foraging grounds increases - increased migratory cost

» Paotential poor survival of copepods during winter

523 level rize < societal disruption < conflict

Motable non-climate featuras and developments:

= EShifting budgets to deal with westher and natural dizasters + Dissase
= Change in fishing — Less lobster? More 523 bass pots? More « Bigger, faster, louder vessels
gquaculture? hore entanglement... AW lost the conflict, no + il and gas development along coast

political will to force change in fisheries
= More windfarms and whales totally displaced

+ Repezl of ocean monuments
+ Increasing global conflicts and AW &t the bottom the list of concerns

significant events and developments: In the DIVE scenario we assumed there was a continuous 5% pop decline

2020-2030

= ™~ 351(2020) RW left

= First commercial scale wind farm

= Election

= Black sea bass, Jonah crab fisheries increass

2030-2050

® =216 (2030), ~123 (2040) AW l=ft

#» Ol exploration, seismic surveys ramp up

# Human population reaches @ billion

# Lobster collapse in Gulf of Maine

# Black sea bass, Jonah crab fisheries increaszs

2050-2075

« ™77 (2050), ~ 21 (2075) RW left

= First oil well off Gulf of Maine

= Black sea bass, Jonah crab fisheries increasze
= 10.8 billion humans by 2075

What are the main changes in conditions,impacts

on right whales:

Region 17

= Stop visiting SEUS calving grounds ar
increazed migratory cost

= Industrizlization of ccean [oil & gas, wind,
veszels/shipping)

+ Decreased ocean protections {fishing
closures, protected areas)

= Increzsed 523 bass & Jonsh crab out without
concern for entanglement

» Increased aguaculture without concern for
entanglement & habitat loss

= Poor water quality/increased coastal runcff

= Decreased genatic diversity
Decreased health
Increased stress/risk of disease

Region 27

» Calving grounds shift north into Region 2,
leads to gillnet risks — new conflict

+ Lose foraging habitat {copepods mowe north)

» Industrialization of ocean (oil & gas, wind,
vessels/shipping)

+ Decreased ocean protections (fishing
closures, protected areas]

+ Increased sea bass & Jonah crab out without
concern for entanglemant

» Increased aquaculture without concern for
entanglement & habitat loss

»  Poorwater quality/increased coastal runoff

+ Decrezsed genetic diversity

+ Decreased health

= Increased stress/risk of dissaze

Region 37

= Warm....lobsters alzo dive. Less lobster
fishing effort/less pot gear in the water

=+  Industrialization of ocean (oil & gas, wind,
vessels/shipping)]

+ Decreassd ocean protections (fishing
closures, protected areas)

= Increased sea bass & Jonah crab out without
concern for entanglement

= Failure to collaborate with Canada

= More whals watching, more stress

=+ Increased human population due to climate
shifes

+  Decreased genetic diversity

+ Decreased health

+ Increased stress/risk of diszass
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In your SCENaria:

scenario Name: Support and Survive

Main region climate features:

= Temporal mizmatch betwesn phytoplankton

bloom,production, zooplankton production and whale

feeding

» Euboptimal zooplankton composition and quality

L]

Increased frequency of HABs

Region scale warming above bong term climate trends

Notable non-climate features and developments:

= Elow, guiet, reactive vessels
= Dynamic/responsive managemsent
» Effective surveillance of whales

= Whale friendly fishing/aguaculture

+ Strong marketing —*social, political support for conservation

significant events and developments:

2020-2030 2030-2050 2050-2075

+ Improved whale & climate science » Recognition of anthropogenic climate + Degraded/ing climate conditions

= Maintain current ship-strike regulations impacts + Sensscent/Low reproduction whale
Reduction of fishery mortality/entanglement population
Im plementation of whale-frisndly fishing + Implementation of sustainable

fishing/commercial practices

What are the main changes in conditions/impacts on right whales:

Region 17 Region 27 Region 37

= Poor calving conditions = Calving? + Suboptimal feeding

+  Poor perinatal survival [related to episodic
EWENTS)

= Continuing and improving ship-strike risk
managemeant

=+ Mo additionzal aguaculturefisheries threats

=+ “Whale safe” offshore energy development

» Feeding habitats? (poor zooplankton
COMmpEosition)

»  Continuing and improving ship-strike risk
manzsgement

+ Mo additional aquacultureffisheries threats

“whals safe” offshore energy development

+ Whale safe fizhing

L]

+  More ocourrence in Canadian waters

+ Strong bilateral cooperation

+ Continuing and improving ship-strike risk
mansgement

+ Mo additional aquaculture/fisheries threats

+  “Whale safe” offshore energy developmeant

+ Whale safe fishing
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APPENDIX 8. Full transcripts of workgroup Generating Options worksheets. Items below the dashed
line includes factors/actions that could be taken under consideration to help us prepare for the next 30-50
years. Note: Participants were encouraged to think as broadly and unrestrained as possible, therefore,
what is recorded here includes thoughts that are not fully formed and do not represent agency policy.

Scenarie Mame: Limited Options But Alive

If you knew this scenario was the future, what actions would you take now / within 5 years to prepare for/achieve/avoid this?

Science/Research

Management — Vessels

Relationships/ Collaboration

+ Understand feeding: can we farm copepods?

+ Improvements in carcass detection and
tracking and recovery

+  Understand habitat in future

+  Better forensic analysis to determine cause of
death & other biclogical info (reduce 50%
non-10 mortality)

+ Technology to tag & track safely

+  Passive scoustics, real time, satellite, drones

+ Improved health assszsments, especially
relative to fecundity, calf health

=+ Better understand avoidance behavior
» Expand spesd restrictions to Ma and add
smaller vessels

» Consumer driven efforts are key

* (Grassroots awarensss and activism

= Partmer with organizations on outreach
and awarenass

+ Mational HAB program coordingtion

» Ship designers

= SoCioeconormics

+ Changing ccesnographic conditions, fight
wihale biclogy (i.e. what are thermal limits?)

+ Technology improvemnents for expanded
enforcemeant

+  Cumulative effects of multiple stressors

= Hovercraft

# Oprah, Ellen, Amazon, Google

Management - Fishing

Management — Other [e.g., aguaculture, wind
ENergy, noise)

other

* Ropeless fishing paramount

*  Proactive engagement for whale smart fishery
developments and planning with changing
climate and ocean conditions

+ Whale safe and industry safe approach

+ Dynamic management for important places,
threats (mobile protected areas)

+  Expansion to Region 4

+  Enforcement — flexible 85 management

+ Aguaculture — change farms/methods to
whale safe now

* wWhatever industry may develope.g.,
autonomaous vessels

#* Incentive programs for positive behavior

# Buy local can be positive to reduced ship
traffic

# Understand ramifications of Rw
measures to other species

#* Information technology for decision
making

®  Whar
#* _Implement decisions quickly
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Scenario Mame: Thrive

If you knew this scenario was the future, what actions would you take now / within 5 years to prepare for/achieve/avaid this?

science/Research

Management — Vessels

Relationships/Collaboration

+ Ropeless traps — enginesring = improve
catchability
+ Grappling — need way to mark trawl
{acoustic?) refine technigues
+ Economic research on desirability of whale-
safie lobsters
+ Improved modeling of Calonus aggregations
+ Improve inputs to dynamic management
o Mon-invasive, long-term tags
o Passive acoustics
o Aerial surveillance

= Improved dynamic management — slow speed
and awoid aggregations

= Electric weszels?

= Assess/modify ship-strike rule

+ Involving industry in ropeless trap
development

» Involving engineering community in
developing technologies — connect
enginears with fishermen
Involve philanthropic community
Inwolve aguaculture/wind industry with
whale awareness

+ Involve economists to research
incentives,/profitability

#» wessel detection of whales e_g. sonar

»  agquaculurefwind farm: whale
bBehavior/zvoidance

#»  Episodic events: develop technigues to avoid
impacts to whales

= Electrify whale watch vessels as first step of
cutresch tool [whale sense)

#» Meed X prize for ropeless technology

Management - Fishing

Management — Other [e.g., aguaculture, wind
ENergy, noise)

Other

» Ropeless traps — prioritization of
funding/grants

crappling

Subsidy program

mandate wesk rope with buyback of old rope
Incentive ta use ropeless in arder to access 3
closed area

»  Designate zones for no activity

» Meed best practices and monitoring of
impacts

»  Effects of displacement of fishermen

Fromote whzle-safe marketing
Create 3 market for whale-safe lobsters
as an incentive for fishermen to adopt
new technology

#*  Promotion of AW — social scence,
media, communication

= HMeed infrastructurs to monitor/assess/
predict episodic events % managsment
responss
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Scenario Name: Dive

If you knew this scenario was the future, what actions would you take now / within 5 years to prepare for/achieve/avoid this?

Science/Research

Management — Vessels

Relationships/Collaboration

«  Ability to study/quantify the effectiveness of
management actions

e Gear technology

» Forecasting future distribution — zooplankton
and whales

» Enhance cbservation capability through new
technology

e Nultiple stressor problem

s Understanding how increased ocean
infrastructure will shift vessel patterns and
change risk

* Adaptive ship/whale co-occurrence plan

o Change “speed limit" areas to required rather
than voluntary and broaden (reduce) vessel
size below 65 feet

s States (esp. MA and ME) and Canada

¢ Continued data sharing

¢« NGOs = consumer awareness campaign

to push industry changes (“whale safe

lobster”)

Private investment in technology

s “neutral” party to push change/ increase
awareness, maybe University of Maine ar
Lobster Institute

e “Whale safe aguaculture”

« Long term tags for RWs

s Noise reduction / quieting technology

Management - Fishing

Management — Other (e.g., aguaculture, wind
energy, noise)

Other

»  Flexibility for short term management
actions/dynamic management
s Politically & economically viable solutions
o Weak rope
o Incentivized access to closed areas
(ropeless)
o Temporal management of lines
» Trap number reductions — drop overhead 5,
maintain revenue
« Funding
o Emergency relief plan coupled with
contingency closure plan
o Subsidy for ropeless and/or marking

+ Goal of ropeless by 2030 with milestones along
the way

*  Traps for technology

« Active design engagement for aguaculture
technology to reduce entanglement risk

s Ability to apply lessons learned to the next
project (wind and aguaculture)

s Siting — to minimize conflict with whales

¢ Keeping oil & gas development out of
Atlantic

+ Funding — more dedicated staff

o Stronger engagement with ocean
planning processes at national, local and
regional level

s Community resiliency
o Marketing programs
o Alternatives to fishing
o Diversify lobster fishery portfolios

+ Balanced approach across industries

¢ Public and industry buy-in
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Scenario Name: support And Survive

If you knew this scenario was the future, what actions would you take now / within 5 years to prepare for/achieve,/avoid this?

science/Research

Management — Vessels

Relationships/Collaboration

*

Better understanding of noizs effects related
to offshore energy development

improve methods for understanding spatial &
termporal movemeant of whales (finer scala] -
tagging, prey distribution

Better understanding fine scale whale
behavior around gear, ships — tagging, prey
distribution

Higher resolution climate modeling

Gear research

getter understanding of sources of mortality,
reproductive failure, and factors affecting
reproduction

Better understanding of fishing effort

+ Mzintzin/strengthen ship strike measures

= Maintain/strengthen enforcement of ship-
strike rule

» Ewzluate effectiveness of ship-strike measures

» Collaborate with Canada & expand
coliaboration

= Work with fishing industry to develop
whale-safe gzar and gear marking

= Incorporate social science into
management

= Lzison with constituents (NG0s, industry
[=hi

= Congressional relations

= Mzintzin/strengthen relationship with
federal and state partners

= Internal relationships

vessel traffic changes related to offshore
energy’

Connection betweaen aguacultture, HABS,
disease

+  Address vessels <65 foot LOA
+ vessel quieting technology development

#* Dynamic response & 5.0.P. — need buy-in

Management - Fishing

Management — Other [e.g., aguaculture, wind
EBnergy, noise)

oOther

Begin developmeant/implement whale-safe
fishing gear including g=ar marking, ropeless
Maintain/strengthen enforcement of gear
regulations

respond to lawsuits

Eveluate effectiveness of fishing regulations
Improve gear identification when removed
from animals

Increase reporting of fishing effort/activity

+  Maintain & implemeant MBMPA impart ruls,
ESa section 7 consultation stc.

*  Aquaculture planning, permitting ete.
* Improve adaptive management structure

»  Social, marketing, political support for
conservation

= Continued/expanded support for
stranding responss to evaluate
effectiveness of measures

»  Recognizing effects of climate change
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APPENDIX 9. Full transcripts of priorities (includes top two for each category (science and
research, fishing, shipping, relationships, and other) plus two wildcards that can include any
category) for the four breakout groups on generating priorities. Note: Participants were
encouraged to think as broadly and unrestrained as possible, therefore, what is recorded here
includes thoughts that are not fully formed and do not necessarily represent agency policy.

Group 1
Science & Research

e Tag development and testing
¢ (Climate modeling/monitoring (phyto/zooplankton)

Fishin

e Ropeless gear development and testing

¢ Initiate management rulemaking for use (exp. open closed areas)
Shippin

e Reevaluate (maintain) effectiveness of ship strike rule(s)

e Incentives to shippers (small and large) to slow/avoid

Relationships

e Oh, Canada!
e Public awareness: partner with past successful NGOs/PR/Marketing

Other

e Aquaculture (proactive and whale safe)
e Maintain current regulatory framework

Wildcard

e Maintain current monitoring/detection/response programs
e Investigate whale response to vessels

Group 2
Science & Research

e QGear technology
e Distribution, reproduction, behavior

Fishin
e Ropeless fishing
e Gear enhancement

Shippin
e Evaluate effectiveness of current rule
e Enforcement
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Relationships

e Consumer awareness: social media
e Industry engagement and incentives

Other

e Proactive whale safe measures
e Flexible, nimble

Wildcard

o X-prize
e Consumer driven efforts

Group 3
Science & Research

e Spatial/temporal whale/copepod movement
¢ Climate/habitat modeling
Fishing
e Gear research / Technology development
e Reduce line in water column e.g., trap limits, grappling
Shippin
e Analyze vessel traffic relative to whale distribution and planned activities to inform
ship strike rule
e Address vessels less than 65 feet
Relationships

e Protect/maintain current measures
e Industry engagement in problem solving

Other

e Social science/marketing
e Incentivizing innovation/non-traditional

Wildcard

e Telemetry development
e Understanding whale sensing/reaction

Group 4
Science & Research

e Where are they now and where are they going to be
e Cumulative stressors
e Acoustics — hearing thresholds and impacts of sound sources and soundscape
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Fishing
e Ropeless gear
e Proactive emerging fisheries management
Shippin
e Expand measures to smaller boats, other geographies
e Whale safe ships of the future

Relationships

e Industries and federal agencies
e NGOs, public support, and social science

Other

e Aquaculture and blue economy industries (renewables)
e Dynamic/flexible management including enforcement
e Emergency response for episodic events
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