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8. Northeast Regional Action Plan

8.1  Introduction 
Since the publication of the Northeast Regional Action Plan (NERAP; Hare et al., 2016a) in 
December of 2016, the Northeast Fisheries Science Center, Greater Atlantic Regional Fisheries 
Office, and the NOAA Chesapeake Bay Office (NCBO) have made substantial progress at 
addressing the identified 15 priority actions. The 15 NERAP actions are: 

• NERAP Action 1 - Give greater emphasis to climate-related Terms of Reference (TORs)
and analyses in stock assessments.

• NERAP Action 2 - Continue development of stock assessment models that include
environmental terms (e.g., temperature, ocean acidification).

• NERAP Action 3 - Develop climate- related products and decision support tools to
support protected species assessments and other management actions.

• NERAP Action 4 - Increase social and economic scientist involvement in climate change
research through multidisciplinary work on climate that includes both social and natural
sciences.

• NERAP Action 5 - Develop Management Strategy Evaluation capability to examine the
effect of different management strategies under climate change.

• NERAP Action 6 - Improve spatial management of living marine resources through an
increased understanding of spatial and temporal distributions, migration, and phenology.

• NERAP Action 7 - Continue to build industry-based fisheries and ocean observing
capabilities and use information to develop more adaptive management.

• NERAP Action 8 - Work with NOAA Oceanic and Atmospheric Research (OAR) and
academic scientists to develop short-term (day to year) and medium-term (year to
decade) living marine resource forecasting products.

• NERAP Action 9 - Work with NOAA Oceanic and Atmospheric Research (OAR) and
academic scientists to develop and improve regional hindcasts and climatologies.

• NERAP Action 10 - Conduct research on the mechanistic effects of multiple climate
factors on living marine resources with a goal of improving assessments and scientific
advice provided to managers.

• NERAP Action 11 - Develop and implement vulnerability assessments in the Northeast
U.S. Shelf Region.

• NERAP Action 12 - Continue production of the NEFSC Ecosystem Status Report, and
other related products, and improve the distribution of information from the reports
through the formation of an NEFSC Environmental Data Center.

• NERAP Action 13 – Maintain ecosystem survey effort in the Northeast U.S. Shelf
ecosystem including the Bottom Trawl Survey, Ecosystem Monitoring Program, Sea
Scallop Survey, Northern Shrimp Survey, Clam Survey, and Protected Species Surveys
and expand where possible (e.g., data-poor species).

• NERAP Action 14 – Initiate a Northeast Climate Science Strategy Steering Group
(NECSSSG) to coordinate, communicate, facilitate, and report on issues related to
climate change and living marine resource management.

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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• NERAP Action 15 – Coordinate with other NOAA Programs to link living marine resource 
science and management to climate science and research activities. 

 
The following sections highlight the progress that has been made on these 15 NERAP actions 
relative to the NCSS objectives from 2016 to 2020. Highlights of these accomplishments are 
listed in Table 8.1. 
 
Table 8.1.  A selection of NERAP activities grouped by NCSS objective. 
Informing Management (NCSS Obj. 1 – 3) 

• Climate scenario planning for Atlantic salmon and North Atlantic right whales 
• Northeast Climate Integrated Modeling (NCLIM) Synthesis 
• Coupling groundfish distribution models with economic models to assess community 

vulnerability 
• Investigating potential climate induced prey changes for right whales in southern New 

England 
• Development of robust management strategies for NE groundfish fisheries 
• Progress on climate-enhanced stock assessment variables 
• Climate-related ToRs in assessments approved by NRCC 
• Support inclusion of climate information in fishery management decisions 
• Range-wide Atlantic salmon habitat analysis 
• Professional learning opportunities for educators in the Chesapeake region 

  
Understanding Mechanisms and Projecting Future Conditions (NCSS Obj. 4 & 5) 

• Biological effects of ocean acidification in finfish 
• Expanding capacity for finfish aquaculture research 
• Research on ocean acidification effects on oysters, surf clam, and sea scallops 
• Estimating climate effects on production, trophy and phenology of NE groundfish 
• Black sea bass and spiny dogfish metabolic laboratory studies 
• New species distribution models based on physical variables 
• High-resolution spatial modeling of lobster and scallop habitat in the NE 
• Chesapeake Bay downscaling/forecasting 
• Seasonal-to-interannual statistical forecasting system for ocean conditions and LMRs 
• Modeling impacts on the NE U.S. marine ecosystem using ATLANTIS 

Infrastructure and Tracking Change (NCSS Obj. 6 & 7) 

• Maintained EcoMon and living marine resource surveys (fish, shellfish, protected 
species) 

• Continued to assess new surveys (Gulf of Maine longline) 
• Continued ocean acidification monitoring 
• Formed the NE Fisheries Climate Science Team and developed a climate web-page 
• Increased interactions with DFO 
• Continued production of NEFSC State of the Ecosystem reports 
• Fish and invertebrate Climate Vulnerability Assessment 
• Tracked changes in ocean conditions, species distributions, phenology and 

productivity 
• Investigated changes in river channel geometry in the NE 
• Historical changes in the number of extreme floods in the US  

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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8.2  Activities and Progress 
  

Build and Maintain Infrastructure (Objective 7) 
 
Goals:  NERAP actions 13-15. 

 
Activities – highlights: 

• Maintain EcoMon and living marine resource surveys (fish, shellfish, protected species). 
• Continue to assess new surveys (Gulf of Maine longline survey) 
• Continued Ocean Acidification Monitoring 
• Optimization of phytoplankton functional type algorithms for VIIRS ocean color data in 

the Northeast U.S. Continental Shelf Ecosystem 
• Northeast-Southeast Climate/Fisheries Workshop 
• Continue to develop NEFSC, GARFO, OHC Matrix Watershed Program for Northeast 
• Strengthen links to NOAA Fisheries Habitat programs 
• Increase climate literacy among GARFO, NEFSC 
• Continue tribal engagement 
• Conduct Northeast Climate Integrated Modeling (NCLIM) synthesis meeting 
• Increase interactions with DFO (e.g., WGNARS, TMGC) 
• Expand collaboration with industry 
• Coordinate with North Atlantic Regional Team and Eastern Regional Climate Team) 
• Form the Northeast Fisheries Climate Science Team 
• Develop a U.S. Northeast climate change webpage 
• Develop the capacity to monitor the distribution and abundance of marine species with 

environmental DNA, boosted by an agency strategic initiative in genomics (Liu et al., 
2019) 

Progress summary 
While the NEFSC has maintained its critical surveys, there has been a decline in the number of 
days at sea available, which has led to a decrease in the amount of data being collected (Figure 
8.1).  This is a major concern given that both the trend and variability of ocean temperature 
within the U.S. Northeast Large Marine Ecosystem have been increasing.  These changes in 
the ocean have been associated with abundance and distribution shifts in the living marine 
resources of the region.  Therefore, it is critical that we not only maintain our surveys but also 
increase the number of days at sea in order to effectively track changes in the ocean both 
seasonally and annually.  Due to the COVID-19 pandemic, NEFSC surveys were impacted for 
the spring and summer of 2020, resulting in substantial data gaps (Figure 8.1).  Ocean 
acidification monitoring is still limited spatially and temporally; we are considering proposals to 
enhance our sampling.  The use of satellite data is essential for increasing the spatial and 
temporal coverage of ocean data.  Progress has been made towards regional optimization of 
phytoplankton size class/functional type algorithms and long-term trend analyses of the 20+ 
year time series of ocean color data. 
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Figure 8.1.  Number of ocean stations sampled each year by NOAA NEFSC surveys (EcoMon, trawl, 
MARMAP, scallop, protected species, etc.). 
 
The Northeast-Southeast Data Coordination Workshop was postponed to 2021 due to the travel 
restrictions in 2020.  We have continued to coordinate with the NWFSC Watershed Program 
director and staff from NEFSC, GARFO, and HQ to best leverage current capacity to develop a 
matrix watershed program for the Northeast, further developing summary documents and 
synthesis materials through bi-monthly or quarterly meetings. 
 
Scientists within the NEFSC have collaborated with academic and NGO groups on various 
NERAP related projects.  The majority of these projects are funded by various NOAA programs 
but also stem from NASA, Lenfest, and NSF.  Some of our key academic and NGO partners 
include the Woods Hole Oceanographic Institute, Gulf of Maine Research Institute, University of 
Massachusetts, Rutgers University, University of Connecticut, Stony Brook, Princeton 
University, University of Rhode Island, and Monmouth University.  Increased collaborations with 
Fisheries and Oceans Canada (DFO) has also occurred and resulted in peer-reviewed 
publications (Greenan et al., 2019, Richardson et al., 2020).   
 
The recently formed Northeast Climate Science Team can fulfill several roles in advancing the 
ongoing climate science work of the NEFSC and GARFO.  These would include: promote 
integration of various climate science activities across the NEFSC and GARFO; coordinate 
strategic engagement with partners; promote awareness of NEFSC, GARFO, and partner-
based climate science activities; track progress toward climate science goals; be a 
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representative body of the region’s climate science community; interface with NOAA leadership 
on climate science work, support, and prioritization; and target relevant funding opportunities 
toward NERAP priorities.  We are tracking and communicating our climate research through our 
ecosystems and climate change webpage45 and the New England groundfish in a changing 
climate webpage46.  
 
Tracking Change (Objective 6) 
 
Goals: NERAP actions 11-12. 

 
Activities – highlights 

• Continue production of NEFSC State of the Ecosystem Reports. 
• Develop climate vulnerability assessments 
• Track changes in ocean conditions, species distribution and abundance, ecosystem 

changes, phenology, and productivity 
• Investigating changes in river channel geometry in the Northeast U.S. associated with 

historical changes in flood magnitude and frequency 
• Historical changes in the number of extreme floods in the United States 

 

Progress summary 
The Ecosystem Dynamics and Assessment Branch has been leading the development of the 
State of the Ecosystems Reports47 for the New England and Mid-Atlantic regions.  The latest 
reports for 2020 have been completed for New England (Gulf of Maine/Georges Bank) and the 
Mid-Atlantic (Middle Atlantic Bight).  Some of the key findings in the 2020 reports were:  

 
1. Since 2000, the proportion of energy removed by fisheries has been declining. In the 

Mid-Atlantic, commercial landings have declined while primary production has remained 
steady. In New England, commercial landings have been steady while primary 
production has increased slightly. 

 
2. Engagement in commercial fishing has been declining since 2004 for medium to highly 

engaged Mid-Atlantic fishing communities. Conversely, engagement is increasing in 
New England for moderately engaged fishing communities. 

 
3. In New England, two single-species commercial fisheries—Gulf of Maine lobster and 

Georges Bank scallops—account for a majority of catch and revenue. Relying on single-
species fisheries can be a risk to fishing communities if these populations decline. 

 
4. Fish habitat modeling indicates which species are most likely to be found in current and 

proposed wind energy lease areas. For the Mid-Atlantic managed species, summer 

                                                
45 https://www.fisheries.noaa.gov/new-england-mid-atlantic/climate/climate-change-northeast-us-shelf-
ecosystem  
46 https://www.fisheries.noaa.gov/new-england-mid-atlantic/science-data/new-englands-groundfish-
changing-climate  
47 State of the Ecosystem Reports website - https://www.fisheries.noaa.gov/new-england-mid-
atlantic/ecosystems/state-ecosystem-reports-northeast-us-shelf  
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flounder, butterfish, longfin squid, and spiny dogfish top the list. For New England 
managed species, Atlantic herring, little skate, winter skate, windowpane flounder, and 
winter flounder rank highest. 

 
5. Over the last decade, marine heatwaves have increased in intensity and duration 

throughout the region. Temperatures at the bottom of the ocean are also warming. 
 
6. Coastal habitats are under stress in the Mid-Atlantic. Heavy rains in 2018-2019 

degraded Chesapeake Bay water quality, increasing oyster mortality and spreading 
invasive catfish. Sea-level rise is also altering coastal habitats, driving declines in 
nesting seabirds on Virginia islands. 

 
7. The Gulf Stream is shifting northward and is increasingly unstable, producing more 

warm core rings. These smaller-scale eddies break off from larger ocean currents, rotate 
clockwise in a ring, and circulate warm Gulf Stream water within the Northeast Shelf 
Ecosystem. The result is a higher likelihood of warm salty water and the appearance of 
associated oceanic species such as shortfin squid on the shelf. 

 
8. During the last three years, the source waters flowing into the Gulf of Maine have been 

dominated by warm offshore waters associated with the Gulf Stream. In comparison to 
the past, almost no cold waters originating from the Labrador Current have entered the 
Gulf of Maine. The changing proportions of source water affect the temperature, salinity, 
and nutrient inputs to the gulf. 
 

The metadata for these reports is documented every year and is also published as a stand-
alone document (https://noaa-edab.github.io/tech-doc). 
 
The observed change in ocean surface temperature in the shelf and slope seas has been 
analyzed in terms of the trend and variability suggesting about one third of the warming is likely 
due to anthropogenic factors (Chen et al., 2020).  The warming on the shelf can be manifested 
as marine heatwaves caused by advection at the shelf break exchange (Gawarkiewicz et al., 
2019).  Ocean bottom temperature has also warmed throughout the region (Friedland et al., 
2020a).   
 
The warming in both the surface and bottom ocean layers has led to a northeasterly shift in the 
distribution of finfish and invertebrates (Friedland et al., 2019) and an increase in diversity and 
productivity of the U.S. Northeast Shelf ecosystem (Friedland et al., 2020b).  A sub-regional 
analysis suggested that northeastern shifts were dominant in the Mid-Atlantic Bight and 
Georges Bank while southwestern shifts into deeper water dominated in the Gulf of Maine 
(Kleisner et al., 2016).  Gulf of Maine phenological shifts in both physical and biological events 
have been shifting to earlier timing, observed in spring onset, spring and winter hydrology, 
zooplankton abundance, occurrence of several larval fishes, and diadromous fish migrations 
(Staudinger et al., 2019).  Later timing was documented for fall onset, reproduction and fledging 
in Atlantic puffins, spring and fall phytoplankton blooms, and occurrence of additional larval 
fishes (Staudinger et al., 2019).  Regime shifts in zooplankton communities have occurred over 
the last three decades and are associated with warming ocean temperature, stratification, and 
decadal climate variability (Morse et al., 2017).  These shifts in zooplankton communities were 

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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also linked to regime shifts in fish recruitment, which was a function of copepod abundance and 
structure (Perretti et al., 2017), suggesting further evidence of climate impacts on recruitment.  
Work on the synergistic effects of fishing and ocean warming on groundfish habitat suggest that 
fishing pressure also plays a large role in the observed shifts in species distributions (Adams et 
al., 2018).  
 
Ocean acidification is being monitored in both shelf and coastal waters where shellfish 
aquaculture is vulnerable to the continued decrease in ocean pH (Poach et al., 2019).  
Carbonate chemistry at the sediment surface in Long Island Sound demonstrated seasonal 
variability during the summer months (Meseck et al., 2018). Aragonite saturation states varied 
between 0.5 and 1.6, mostly well below a saturation state of 1.5, which is considered a critical 
threshold for marine organisms (Seidlecki et al., 2021). 
 
Single species research has also been conducted in relation to this observed warming trend.  
Results document a northeastern shift in the spawning distribution and biomass of a key forage 
fish, Atlantic mackerel (McManus et al., 2017; Richardson et al., 2020); northern shifts in the 
distribution of four baleen whale species since 2010 (Davis et al., 2020); a decrease in 
American lobster habitat in southern New England and an increase in the Gulf of Maine with an 
offshore movement (Tanaka et al., 2019; Mazur et al., 2020); and a northern shift in black sea 
bass spawning and settlement into the southern Gulf of Maine (McBride et al., 2018).   
 
In collaboration with our international partners, we have gained further insight into the large 
scale oceanic teleconnections causing both the observed and projected warming of the 
Northwest Atlantic (Chen et al. 2020).  This work resulted in a publication in the journal Nature 
(Caesar et al., 2018) and it associated the dichotomy of enhanced warming in the Northwest 
Atlantic with enhanced cooling the North Atlantic subpolar gyre to a weakening Atlantic 
Meridional Overturning Circulation48. 
 
The seasonality and trends of river floods in the New England and Middle Atlantic regions have 
been analyzed and results suggest that warm‐season flood potential has increased with 
possible implications for aquatic and riparian organisms (Collins et al., 2019). 
 
The U.S. Northeast Fish and Invertebrate Climate Vulnerability Assessment (CVA) was 
completed and published in 2016 (Hare et al., 2016b).  This assessment of 82 species found 
that overall climate vulnerability is high to very high for approximately half the species assessed; 
diadromous and benthic invertebrate species exhibit the greatest vulnerability. In addition, the 
majority of species included in the assessment have a high potential for a change in distribution 
in response to projected changes in climate. Negative effects of climate change are expected 
for approximately half of the species assessed, but some species are expected to be positively 
affected (e.g., increase in productivity or move into the region). 
 
A social vulnerability assessment was also completed for the eastern and Gulf of Mexico coast 
regions of the U.S. (Colburn et al., 2016).  This work used Community Social Vulnerability 
Indicators to assess the impacts of sea level rise on commercial fishing infrastructure and 

                                                
48 Webstory on weakening circulation - https://www.fisheries.noaa.gov/feature-story/reconstruction-major-
north-atlantic-circulation-system-shows-weakening  
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species dependence.  Results showed that for fishing communities with nearshore 
infrastructure, the impacts from sea level rise can be even greater if the local economy is 
dependent upon a particular ocean-related industry or ocean species and/or is socially 
vulnerable.  Low catch diversity introduces other risks that fishing communities must consider. 
 
The U.S. Northeast Habitat CVA is currently in its final phase of development.  Staff from both 
the NEFSC and GARFO have also participated in the marine mammal and sea turtle climate 
vulnerability assessments (in progress).  

 
Understanding Mechanisms (Objective 5) 
 
Goals: NERAP Action 10. 

 
Activities – highlights: 

• Biological effects of ocean acidification in finfish 
• Data synthesis via dynamic models of ocean acidification effects in winter flounder 
• Experimental evaluation of biological effects of thermal regimes on key early life-stage 

parameters in summer flounder 
• Estimating climate effects on production, trophic interactions, and phenology of NE 

groundfish 
• Expanding capacity for finfish aquaculture research to support regulatory streamlining in 

Northeast U.S. 
• Continue research on ocean acidification effects on oysters, surf clam, and sea scallops 
• Black sea bass and spiny dogfish metabolic studies at Sandy Hook 

 
Progress summary 
The NEFSC’s Milford and Sandy Hook laboratories have been at the forefront of laboratory 
based process studies that analyze the mechanistic underpinnings between biophysical 
changes in the oceans and living marine resources in the U.S. Northeast.  The Milford lab 
primarily focuses on invertebrates while Sandy Hook focuses on finfish and some invertebrates. 
 
Research projects in collaboration with some of our academic partners have analyzed the 
impacts of changing water temperature on black sea bass aerobic scope and hypoxia tolerance 
(Slesinger et al., 2019); physiological processes for bivalves under ocean acidification 
conditions; estimates of CO2 and co-stressor effects on early life-stages of finfish such as winter 
flounder, summer flounder, Mid Atlantic forage fishes, and New England groundfish; individual-
based process models of CO2 effects on winter flounder; dynamic energy budget model of 
physiological processes for bivalves under ocean acidification conditions and different 
temperatures; different populations and multi-generationally exposure of bivalves to OA . 
 
Regarding experimental studies of biological effects of climate and OA in finfish, the NEFSC 
Sandy Hook Lab has developed novel apparatus for testing plasticity of responses to thermal, 
CO2, and dissolved oxygen regimes.  These studies, which use over a dozen different treatment 
levels – including variable ones – are revealing the functional form of critical rate processes that 
would not be revealed in simpler (fewer treatment level) designs.  These data-supported 
functions capture how rate processes are affected by environmental drivers and are precisely 

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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the kinds of quantitative descriptions needed to model consequences at the population and 
higher levels. 
 
With respect to bivalve research and OA, research has focused on the larval and juvenile stage.  
For the larval phase, changes in growth, % metamorphosed, and lipid composition was 
observed with a hormetic response for Spisula solidissima similis; however there was no 
difference in survival under OA.  Physiological processes (feeding rates) have been 
documented for two bivalve species - Mytilus edulis, blue mussels, and Spisula solidissima 
solidissima, Atlantic surfclams.  For blue mussels, feeding rates were negatively affected by 
increased OA (Meseck et al., 2020) in the laboratory and in the field.  Decreased feeding rates 
were also observed in surfclams.  Pousse et al. (2020) also found that Atlantic surfclams had 
less energy available to grow under OA. The physiological data from Pousse et al. is being used 
for a dynamic energy budget model on surfclams.  In the field, total benthic bivalve abundance 
in Long Island Sound was correlated to carbonate chemistry parameters (Meseck et al., 2018).  
These studies demonstrate from the laboratory to the field that bivalves are sensitive to OA. 
 
Projecting Future Conditions (Objective 4) 
 
Goals: NERAP Actions 6-9. 

 
Activities – highlights 

• Spatial and seasonal patterns of carbonate chemistry in the Northeast U.S. 
• Identify how Chesapeake Bay Interpretive Buoy System can contribute to regional 

downscaled models and climate indicator development 
• Chesapeake Bay downscaling/forecasting 
• Develop and pilot a hypoxia vertical profile monitoring design at two locations in the 

Chesapeake Bay 
• Develop and evaluate a seasonal-to-interannual statistical forecasting system for 

oceanographic conditions and living marine resources in the Northeast U.S. 
• Recently funded OAR CPO projects to develop regional hindcasts, forecasts, and 

projections for the Northwest Atlantic using NOAA’s state-of-the-art ocean model MOM6 
• Build and analyze new species distribution models based on physical variables beyond 

ocean temperature 
• Modeling Climate Change Impacts on the Northeast U.S using Atlantis 
• Modeling responses of New England groundfish to multiple ecological aspects of climate 

change 
• Forecasts of ocean temperature in relation to species distribution forecasts in the 

Northeast U.S. 
• Modeling Habitat Response to Ecosystem Change: Suitability Prediction in the Northeast 

U.S. 
• High-resolution spatial modeling of lobster and scallop habitat in the Northeast U.S. 

Progress summary 
Presently, the skill of sub-seasonal to seasonal (S2S) sea surface temperature forecasts for the 
U.S. Northeast shelf is relatively low compared to other large marine ecosystems.  The reason 
for the poor skill in our region is because SST forecasts are derived from global models that 
have coarse resolution in their ocean and atmosphere components.  Tactical fishery and 

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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protected species management can greatly benefit from more skillful S2S forecasts of ocean 
conditions.  There are multiple efforts underway, in collaboration with our academic partners 
and NOAA OAR, to enhance the S2S forecast skill of ocean temperature (surface and bottom) 
in the U.S. Northeast and throughout the Northwest Atlantic. 
 
In collaboration with the Woods Hole Oceanographic Institution, statistical forecasting models 
that use historical ocean and atmospheric data are being developed and tested.  Results are 
promising for specific regions and months of the year.  Dynamical approaches are also 
underway via newly funded projects from NOAA OAR CPO.  Our main research will focus on 
the development and validation of regional model simulations for the Northwest Atlantic using 
NOAA’s state-of-the-art ocean model MOM6 in hindcast, forecast, and projection modes.  This 
work will be in collaboration with NOAA GFDL, Princeton University, and Rutgers University and 
is directly linked to the NOAA Climate and Fisheries Initiative49.  Additional research was 
recently funded to use the Scripps Coupled Ocean-Atmosphere Regional (SCOAR) modeling 
system to develop annual to decadal ocean forecasts for the U.S. Northeast shelf.  These 
projects will lead to multiple regional modeling simulations for the U.S. Northeast shelf and will 
enable us to understand which models and simulations are most useful to fisheries and 
protected species management in our region. 
 
Progress was also made in our estuary modeling research.  Estuaries and rivers are critical 
habitat for many marine species in the U.S. Northeast and thus modeling efforts are critical in 
order to understand and predict changes associated with climate.  Historical model hindcasts of 
Long Island Sound (Georges et al., 2016; Schulte et al., 2017; Schulte et al., 2018) have been 
developed and analyzed relative to large scale climate forcing.  We have also made progress in 
our model downscaling efforts for the Chesapeake Bay in terms of hindcasts and projections 
(Muhling et al., 2017; Muhling et al., 2018).  
 
The NEFSC has collaborated with many academic and non-governmental organizations to 
develop long-term projections of living marine resource habitat change using NOAA’s prototype 
high-resolution global climate model CM2.6.  This model has been used extensively over the 
last five years due its very high-resolution ocean component (10-km) that resolves the very fine 
scale bathymetry and regional circulation of the U.S. Northeast shelf (Saba et al., 2016).  Global 
models assessed by the IPCC’s fifth report do not resolve these regional features that are 
critical to the ocean dynamics of the U.S. Northeast shelf. 

This body of work includes the projected impacts of climate change on the habitat of two of the 
most valuable U.S. fisheries, sea scallops and American lobster.  Our research suggests that 
both of these species may be negatively impacted by continued warming in the Northwest 
Atlantic (Tanaka et al., 2020).  Other research using high-resolution projections of ocean 
change has focused on a large suite of marine taxa observed in our fall/spring bottom trawl 
survey (Kleisner et al., 2017; McHenry et al., 2019), as well as single species studies 
comprising American lobster in Canadian waters (Greenan et al., 2019), cobia in the U.S. east 
coast (Crear et al., 2020), cod and spiny dogfish (Selden et al., 2018), and Calanus zooplankton 
(Grieve et al., 2017). 

                                                
49 https://www.fisheries.noaa.gov/topic/climate-change#noaa-climate-and-fisheries-initiative  
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The projected impacts of ocean temperature (Tanaka et al., 2020) and acidification (Rheuban et 
al., 2018) on sea scallops have been studied in separate analyses, each indicating a decline in 
biomass or habitat over the next century.  

We are developing a new version of our end-to-end ecosystem model (ATLANTIS-NEUS). 
Presently, we are forcing the model with satellite-based primary production and physics from 
global reanalysis products (GLORYS). We plan on incorporating forcing from a high-resolution 
regional ocean model with biogeochemistry from COBALT and with physics from the regional 
MOM6 model. ATLANTIS-NEUS will be run in hindcast mode (1980-2014) and projection mode 
(2055-2085), which will allow us to associate both contemporary and projected climate impacts 
on the entire marine ecosystem of the U.S. Northeast, as well as evaluate different 
management strategies under climate change 

We are also investigating future changes in the abundance and distribution of New England 
groundfish and have also completed an analysis of 5-year forecasts of SST as indicators of 
species distribution change.  We are developing a modeling package suitable for use in 
predicting species shifts under various climate change scenarios.  Model results will be utilized 
as a starting point to develop a larger MAFMC program of habitat definition and risk analysis. 

NCBO is supporting a study characterizing habitat utilization of two valuable fisheries species 
along the southern Mid-Atlantic Bight: black sea bass (Centropristis striata) and summer 
flounder (Paralichthys dentatus). Understanding the habitat preferences of these species and 
quantifying the relationships between habitat use and environmental factors will provide insight 
into potential population responses to climate change (e.g., increased water temperatures). 

 
Informing management (Objectives 1 - 3) 
 
Goals: NERAP Actions 1-5. 

 
Activities – highlights 

• Climate scenario planning for Atlantic salmon and North Atlantic right whales 
• Investigating potential climate induced prey changes for right whales in southern New 

England 
• Range-wide Atlantic salmon habitat analysis 
• Identifying cold water refugia for Atlantic salmon in distinct population segment 

watersheds 
• Participate in the Marine Mammal and Sea Turtle Climate Vulnerability Assessments 
• Conservation of Atlantic Sea Turtles Project: Fisheries Bycatch Mitigation 
• Development of robust management strategies for northeast groundfish fisheries in a 

changing climate 
• Coupling climate and groundfish species distribution models with economic models of 

fishing location decisions to assess community vulnerability 
• Continued social indicators work 
• Northeast Climate Integrated Modeling (NCLIM) synthesis 
• Provide educational programming for Ocean Acidification Citizen/Student Science 

Project 

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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• Provide professional learning opportunities for educators in the Chesapeake region 
focused on climate change and resilience 

• Continue discussions on NEPA and climate decisions 
• Extending single-species state-space assessment models to incorporate environmental 

effects on life-history attributes 
• Conduct community resiliency engagement (GARFO) 
• Climate-related TORs in assessments approved by the Northeast Region Coordinating 

Council (NRCC) 
• Support NEFMC, MAFMC, and ASMFC inclusion of best available climate information in 

fishery management decisions 
 
Progress summary 
Climate scenario planning initiatives and summary reports were completed for endangered 
North Atlantic right whales and Atlantic salmon.  The report for salmon was published 
(Borggaard et al., 2019) along with the right whale report (Borggaard et al., 2020).  A range-
wide salmon habitat synthesis is ongoing and will describe habitat conditions suitable (including 
preferences and tolerances) for Atlantic salmon by life stage in freshwater and marine systems. 
This manuscript will be completed in fall 2020.  Restoring and maintaining access to high quality 
freshwater and estuarine habitats in Maine is a focus of Atlantic salmon recovery efforts.  NOAA 
is contracted with USGS to identify stream reaches in Salmon Habitat Recovery Units (SHRUs) 
in Eastern Maine watersheds that have substantial groundwater inputs and thus are likely to be 
colder than reaches that do not. These stream reaches can provide high quality salmon nursery 
habitat and thermal refugia. Initial analyses will be completed in fall 2020 and partners are 
looking for funding to project stream temperature conditions in the SHRUs under future climate 
scenarios. 
 
Over the last two years we have used NERAP funds from NMFS S&T to conduct short duration 
zooplankton sampling trips in the southern New England region during the winter and early 
spring (January – April) of 2019 and 2020 when right whales are in the area.  Our goal is to 
describe vertical distribution patterns of right whale prey in relation to physical features to better 
understand the mesoscale processes that result in super aggregations of right whale prey.  
Correlations between ocean warming and right whale prey availability suggest an inverse 
relationship between Calanus spp. and ocean temperature (Sorochan et al., 2019). 

 
Staff from GARFO and the NEFSC have participated in the climate vulnerability assessments of 
marine mammals and sea turtles.  We have also made substantial progress on an analysis that 
projects changes in loggerhead sea turtle habitat based on high-resolution archival tagging 
data.  Similar research is being conducted on leatherback turtles that uses NOAA’s high-
resolution global climate model.  Models for cetaceans have been developed that use 
environmental variables to predict habitat suitability and abundance, two metrics that can 
support conservation management decisions and marine spatial planning (Chavez-Rosales et 
al., 2019). 
 
Further progress has been made on our social sciences research.  We have developed 
simulation models that address various climate impacts to single species and have evaluated 
climate informed reference points.  This work is coupled to new research that links climate- and 
stock-related projections for groundfish to economic outcomes for fishermen and fishing 
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communities. We are constructing statistical models that explain how fishermen select target 
stocks and landing locations. These models can then be used to understand how these two 
behaviors will change under various climate and policy scenarios.  Other social sciences 
research that has been funded by the New England groundfish/climate program50 includes: 
climate vulnerabilities and adaptation pathways for Northeast U.S. fishing communities; 
stakeholder engagement in management strategy evaluation of New England groundfish in a 
changing ocean; and developing indices of vulnerability to climate change for groundfish fishing 
communities in the Northeast. 
 
Progress on climate-enhanced stock assessment variables (e.g., demographics, recruitment, 
population growth) has also been moving forward on key commercial and recreational species 
including southern New England yellowtail flounder (Miller et al., 2016a; Xu et al., 2017), 
summer flounder (O’Leary et al., 2018; O’Leary et al. 2020), winter flounder (7), northern shrimp 
(Cao et al., 2017), Atlantic cod (Miller et al., 2018), surf clam (Hennen et al., 2018), and black 
sea bass (Miller et al., 2016b).  We have also developed a framework for incorporating climate 
and habitat information into fisheries management using risk assessment and management 
strategy evaluation (Gaichas et al., 2016).  Support was provided to the MAFMC risk 
assessment (Gaichas et al., 2018), which included the results from the climate vulnerability 
analysis and habitat shifts into a conceptual model for high risk summer flounder fisheries in 
2019. 
 
NCBO leads the Climate Resiliency Workgroup of the Chesapeake Bay Program (CBP) 
providing climate-related planning and implementation with partners in the watershed through 
improving monitoring, resiliency, and adaptation. For example, NOAA completed a climate 
vulnerability assessment used by the Town of Oxford, Maryland--located in the NOAA Choptank 
Habitat Focus Area--to develop adaptation solutions. NCBO is working through CBP to develop 
a suite of climate indicators and investigate how water-quality best management practices will 
be affected by climate change.  
 
NCBO partnered with Virginia Institute of Marine Science researcher Emily Rivest to support a 
student focused citizen science and education program looking at carbonate chemistry and 
oyster growth. High School students in Virginia (Chesapeake Bay Governor’s School) and 
Maryland (St. Michael’s High School) monitored water chemistry and oyster growth throughout 
the school year and the Rivest lab used this data to develop an understanding of baseline 
conditions and oyster growth rates in these two systems. Students reported learning about the 
current and future impacts of a changing climate on the Chesapeake and in particular oysters, 
via ocean acidification. 
 
The NCBO’s Environmental Literacy Team has hosted 10 workshops on the topic of climate 
change and resilience since 2017.  These workshops fall into two participant categories: 

1. Non-formal Educator Professional Development - mostly non-formal educators from 
organizations like environmental education centers, aquariums, museums, and 
universities who regularly provide programming for both teachers and students. These 

                                                
50 https://www.fisheries.noaa.gov/new-england-mid-atlantic/science-data/new-englands-groundfish-
changing-climate#2019-social-science-projects  
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workshops provide climate science content and project-based approaches to 
incorporating these concepts into existing and new programing. 

2. Formal Educator Professional Development - K-12 teachers from public and private 
schools. These workshops provide opportunities for teachers to learn about climate 
science and opportunities to deliver it through standards-based instruction.  
 

This past June NCBO and partners facilitated the inaugural Mid-Atlantic Climate Change 
Education Conference. This conference provided an opportunity for 300 regional educators to 
explore climate change topics and learn about climate education practices being implemented 
throughout the region. 

8.3  Conclusions 
Since 2016, we have published 59 peer-reviewed manuscripts that focus on the U.S. Northeast 
marine ecosystem and directly address the seven NCSS objectives (Figure 8.2).  These 
publications were either authored or co-authored by NEFSC, GARFO, and NCBO staff.  Table 
8.1 lists the top ten accomplishments.  We have conducted both multi-species and single 
species focused research on both contemporary and projected climate impacts.  Climate 
vulnerability assessments for fish, invertebrates, sea turtles, and marine mammals have been 
completed.  Our work on human dimensions, particularly on social vulnerability to climate 
change, has also been progressing and continues to be developed.  Understanding the 
vulnerability of fishing communities and fishing infrastructure to climate change is a core 
component of our NERAP research, which is being led by the NEFSC social sciences branch.   

 
Figure 8.2.  Number of NEFSC, GARFO, and NCBO peer-reviewed publications from 2016-2020 that 
address the seven NCSS objectives and fifteen NERAP priorities. 
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The climate vulnerability assessment for U.S. Northeast habitat will be completed this year.  
Climate scenario planning for Atlantic salmon and North Atlantic right whales has been proven 
to be very informative and we plan on continuing these exercises.  These efforts have also 
served as a model for others (e.g., see April 2020 presentation at Mid-Atlantic Fishery 
Management Council). Our laboratory research on invertebrates and finfish is a critical 
component of our climate research that must continue in order to inform models that are 
developed to assess the impacts of a changing ocean environment on various life history traits. 

Projections of future change have largely focused on marine species habitat and distribution 
using NOAA’s high-resolution global climate model.  While these longer term projections (20-80 
years) could be useful for fishery management plans or management strategy evaluations over 
decadal periods, they are not useful for tactical management decisions that are made on a year 
to year basis.  Seasonal to annual (S2A) forecasts of ocean conditions that are tied to stock 
assessments would be more useful to tactical fisheries management.  However, the skill of 
ocean forecasting models for even the most standard ocean variable, sea surface temperature, 
is relatively low in the U.S. Northeast marine ecosystem compared to other coastal large marine 
ecosystems.  Therefore, we have started to focus more of our efforts on improving the S2A skill 
of ocean forecasts for the region.  Through NOAA funding, we have collaborated with our 
academic partners to develop a statistical forecasting framework for the region.  We have also 
started the process of the dynamical approach, which is to develop regional ocean models for 
the Northwest Atlantic that can run in hindcast, forecast, and projection mode.  This dynamical 
approach directly addresses the recent NOAA Climate and Fisheries Initiative51 and our goal is 
to have multiple regional ocean model simulations for the region that are based on NOAA’s 
state-of-the-art ocean model MOM6.  We have also recently received NOAA funding to develop 
annual to decadal ocean forecasts using the Scripps Coupled Ocean-Atmosphere Regional 
(SCOAR) modeling system. 

One of the most critical components of our NERAP work is to make progress on climate 
enhanced stock assessment variables (e.g. recruitment, mortality, growth).  This research is 
needed in order to apply historical, forecasted, and projected climate information to stock 
assessments and ultimately inform management.  It will also help us move beyond species 
distribution and habitat projections and allow for biomass and abundance modeling. We have 
developed new models for seven commercial and recreational fish and shellfish stocks.  More 
research is needed to address other stock assessment variables and we need to include more 
commercial, recreational, and protected species.  Our laboratory based process studies are an 
essential component of this research and more mechanistic studies are needed to inform 
models that use climate information (i.e., temperature, ocean pH) to predict life history trait 
variability. 

None of our NERAP research can be successful without a solid infrastructure for ocean 
observations.  This includes both physical and biological surveys.  We are concerned about the 
decline in our number of observations per year, which is a direct result of our declining number 
of days at sea (Figure 8.1). This observation decline is occurring at a time of both increasing 
trend and variability of many ocean and biological variables.  Skillful models, whether for single 
species or the entire ocean ecosystem, including human dimensions, can only be developed if 

                                                
51 NOAA Climate and Fisheries Initiative website - https://www.fisheries.noaa.gov/topic/climate-
change#noaa-climate-and-fisheries-initiative  
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observations exist over sufficient temporal and spatial scales that capture seasonal, annual, and 
decadal variability. 

Our main goal moving forward is to conduct more focused research that can inform and 
enhance living marine resource tactical management decisions.  This is a very challenging task 
not just for the Northeast region but for all U.S. regions.  The Northeast U.S. deals with two 
Federal management councils along with an Atlantic States Commission, in which the three 
bodies manage marine species that are all interacting with each other.  Moreover, there are very 
few operational fishery stock assessments in the U.S. and worldwide that use environmental 
data quantitatively or qualitatively to inform year-to-year management decisions on catch limits.  
Over the next five years, our goal is to produce research results that support the use of climate 
and environmental information for upcoming research track stock assessments.  We also hope 
to use future modeling products and tools derived from the NOAA Climate and Fisheries 
Initiative to accomplish the goal of climate-ready fisheries management in the Northeast U.S. 
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