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Observed climate change in the Northeast 

US GCRP (2009) 

• Since 1970, annual average temperature has increased by 2°F; 
winter temperatures ~4°F 

• More extreme heat days > 100°F 
• Annual precipitation totals have gone up ~5” over the last century 
• Less snow, more rain  
• Changes in hydrological flows 
• Regional SLR  of ~ 1 foot 
    since 1900 

 

Presenter
Presentation Notes
Lets start off by considering what changes in climate we have already seen and then in the next few slides Ill discuss the changes that we are expecting and the confidence that we have in those future projections.Warming is occurring in every season, particularly in winter, at higher latitudes, at higher elevations, and inland (i.e. away from the ocean and lake coasts).  Heatwaves may become more frequent, more intense, and last longer.  Precipitation amounts are increasing, particularly in winter and with respect to high-intensity events in summer. Winter precipitation is changing with more precipitation falling as rain instead of snow, leading to reduced snowpacks and extent of snow cover, as well as harder, crustier snowpacks.  Atmospheric moisture content is likely to increase. Projections of climate show these trends will continue but vary in magnitude depending on which emission scenario is used



Projected seasonal air temperatures  

Downscaled projections – Dr. Ray Bradley, UMass Amherst 

 
 

Spring 

Summer 

Winter 

Fall 

Multi-model means 

Greatest changes in 
temperature projected in 

winter  
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Presentation Notes
Greatest warming in winter monthsThese maps show changes in temperature between present (1971-2000) and future (2041-2070) conditions



April - June Jan - March 

July – Sept Oct - Dec 

Data courtesy of NOAA's Climate Change Web Portal 

Sea surface temperatures  

Greatest changes in SST 
projected in winter and fall 

Presenter
Presentation Notes
Shelf water warming projected to increase the most during winter and fallProjected Seasonal SSTs: Time series plots show NE Continental shelf differences in the mean climate in the future time period (RCP8.5: 2006-2055) compared to the historical reference period (1956-2005);Future projections based on GCMs, no downscaled model available yet; coarse resolution of projections over spatial scales will pose challenges to understanding climate exposure at local scales



Changes in the timing of seasons 

Friedland et al. 2015. CSR 

Seasonal updates available at: http://www.nefsc.noaa.gov/ecosys/current-conditions/ 

Friedland, unpublished data 

NE Shelf Large Marine Ecosystem 

17 days 
earlier 

37 days 
later 

~2 weeks earlier 
since 2006 

GoM (east & west); Georges Bank; Mid-
Atlantic Bight (north & south) 

Spring transition dates 

Presenter
Presentation Notes
**Winter is getting shorter and summer and fall longerFall transition date has advanced by 2 weeks since 2006 as well.Spring and fall transition dates  characterize the change in the timing of seasonal thermal forcing (date of arrival of a spring/fall transition temperature); marks the average temperature between winter and summer/summer and winter. The date of arrival of the spring thermal transition temperature was relatively constant since 1982 to approximately 2006 for the NE Shelf and constituent ecoregions.Since 2006, spring transition date has advanced on the order of two weeks. Fall Tds have delayed (or happened later in the year since early 1990s, with greatest changes since 2005Projections use the Canadian Centre for Climate Modelling and Analysis CanESM2 model output for the RCP 8.5 run; one of the few GCMs that have daily data available. Model results are well with the range of the ensemble.Size of symbols reflects number of simulations in range�



Projected seasonal precipitation 

Ning et al. 2015 

Spring  Summer Fall Winter 

• Annual precipitation is increasing, particularly in winter 
(Projections for 2050-2100) 

• Precipitation events expected to be less frequent 
• More heavy rainfall events 
• Increased risk of both flooding and drought 

Presenter
Presentation Notes
Annual precipitation is increasing, particularly in winter, though with less certainty in future projections than with temperatureOver the next century, overall annual precipitation amounts are expected to increase largely due to greater intensity in precipitation eventsPrecip events are expected to become less frequent (i.e., more consecutive dry days, or extreme dry spells), but last longer. Heavy rainfall events occurring at a reduced frequency raises the risk for both flooding and drought – particularly during fall and summerBlue is wetter, red is drier3 emission scenarios: future changes of numbers of rainy days seasonally as percentages (Unit: %) based on simulations from five GCMs for the period 2050-2099 / end of century relative to historical period 1950-1999



Ning et al. 2015 

Spatial distributions of extreme 
precipitation events  

Projections for 
2050-2100 
Extreme = days with 
> 10 mm (~0.4 inch) 

Days Magnitude (mm) 

RCP 4.5 

RCP 8.5 

Presenter
Presentation Notes
Maps shows spatial distributions of future changes of number of days with daily precipitation larger than 10 mm.Two columns of plots show: left column- the frequency (number of days) IRight column, and Magnitude (in mm) of extreme precipitation events (95% exceedance) across three carbon emissions scenarios  (more extreme as you go from top to bottom).  The darker the blue the greater the increase from 1950-1999 conditions to forecasted 2050-2100 conditions.  Take home – it’s a going to be a blue world at least in the northeast USBTW 1958 and 2010 the amount of precip falling in very heavy events has increased by over 70% in the NE – the greatest increase in precip anywhere in the US



Observed hydrological shifts 

• Peak spring flows have ↑ 
significantly in volume and shifted 
earlier by 5 - 15 days (1900 - 2000) 
 

Hodgkins & Dudley 2005; 2006 

Monthly streamflows 

* 

Presenter
Presentation Notes
changes consistent with earlier snowmelt and spring freshetUnregulated streams draining to  GoM; changes in winter and early spring are due to more snow falling as rain and rain on snow events; more rain / precip in fallwinter-spring center of volume dates” are the dates when 50% of the water that will pass a specific gage between January 1st and May 31st 



Sea level rise 
Boston, MA 

Presenter
Presentation Notes
The NE consists of low slope coastal areas SLR in the NE is above the global average of 8” – in most areas of the NE SLR has already risen by about a foot.SRL is accelerating and we know it will continue to rise – however due to uncertainties in the contributions of land Exactly how much SLR the NE can expect varies based on emission scenarios, changing oceanic processes (e.g., circulation patterns), and most importantly, uncertainty about the amount of new water going into the oceans from the melting of land-based ice sheets, such as those in Greenland and Antarctica. The apparent recent acceleration in global SLR recorded with satellite altimetry may be attributed to a combination of decadal-scale climate and oceanographic patterns, differences in tide gauge and altimetry observation methodologies and measurement distribution, and an acceleration of global SLR associated with global warming.



Extreme precipitation and storm events 

Hurricane Irene 
August 28, 2011 

Peterson et al. 2013 

 New paper shows extreme cold winters fueled by jet stream and climate 
change (Overland et al. 2016 Nature Climate Change) 

Presenter
Presentation Notes
The effects and projections of temperature are fairly well known and we have good confidence in these trends. However for the NE, increased regional precipitation and storm events will strongly effect coastal environments. Though this is an active area of research and we have less confidence in the projections. What we can say for sure is that the effects of changes in precipitation is also going to be a major driver in NE systems�New paper released yesterday James E. Overland, Klaus Dethloff, Jennifer A. Francis, Richard J. Hall, Edward Hanna, Seong-Joong Kim, James A. Screen, Theodore G. Shepherd, Timo Vihma. Nonlinear response of mid-latitude weather to the changing Arctic. Nature Climate Change, 2016; 6



Adaptive 
capacity 

Exposure Sensitivity 

Potential 
impact 

Vulnerability 

Figure adapted from Glick et al. 2011  

Climate Change Vulnerability Assessments 

• Tools used as an initial step in 
adaptation planning 

• Identify species and habitats at 
greatest risk  

• Provide index of relative 
vulnerabilities  

• Identify key attributes that explain 
why species/habitats are vulnerable 

• Inform conservation strategies 
designed to reduce those 
vulnerabilities 

Presenter
Presentation Notes
Understanding sources of vulnerability and biological responses to climate change is critical to developing climate adaptation strategiesClimate Change Vulnerability is defined by the IPCC as the susceptibility of a species, system or resource to the negative effects of climate change and other stressors, and includes three components: exposure, sensitivity, and adaptive capacity: Climate Change Vulnerability Assessments (CCVAs) are emerging tools that can be used as an initial step in the adaptation planning process. A CCVA focuses on species, habitats, or systems of interest, and helps identify the greatest risks to them from climate change impacts. A CCVA identifies factors that contribute to vulnerability, which can include both the direct and indirect effects of climate change, as well as non-climate stressors (e.g., land use change, habitat fragmentation, pollution, and invasive species).But CCVAs stop short at informing actionCCVAs often assess multiple species simultaneously and provide an index of vulnerability so managers can prioritize those most at risk 
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Taxonomic group 

Staudinger et al. 2015 

Coastal & marine (N = 193; 13%) 
Terrestrial & freshwater aquatic (N = 1,242; 87%) 

Regional synthesis of CCVAs 

14 studies across 
Northeast & 
Mid-west U.S. 

Presenter
Presentation Notes
The NE CSC recently conducted a synthesis of regional CCVAs – using the framework outlined by the IPCC of containing exposure, sensitivity and a/c. 14 studies were found for fish and wildlife species and contained 1524 records. Only 13% of all species assessed were coastal or marine. NOAA’s NEVA – pilot CCVA for marine fish just released in 2016 (Hare et al 2016; Plos One)NOAA Climate Programs Office is beginning to consider CCVAs for marine protected species – specifically marine mammals and sea turtlesBut this adaptation tool lags significantly behind terrestrial systems in its application



Relative climate vulnerability 

Hare et al. 2016 

Presenter
Presentation Notes
Only CCVA of alewife and blueback regionally (to the best of our knowledge)Certainty in score is denoted by text font and text color: very high certainty =black, boldfont), high certainty = black, italic font), moderate certainty =white or gray, bold font), low certainty = white or gray, italic font).



Ranking: Highly 
Vulnerable 
Confidence: High 
Climate scenario: RCP 8.5 
Time period: 2005-2055 

Factors contributing to river herring’s 
vulnerability to climate change: 

• Increasing SST 
• Ocean acidification 
• Increasing air T 
• Spawning cycle 
• Early life history requirements 
• Complexity in reproduction 
• Dispersal and early life history 

Attributes contributing to climate vulnerability 

Broad run, MA 

Broad Run, MA 

M. Devine 

Exposure 

Sensitivity 

Presenter
Presentation Notes
Rankings for the Northeast Atlantic Continental Shelf



Ecological responses to climate impacts 

Pinsky et al. 2013. Science, Data downloaded from Ocean Adapt 

Geographic range shifts 
(1968-2007) 
Alewife 
• Poleward Shift: 5.47 km/yr  
• Mean depth change: 1.15 m/yr  
 
  Nye et al. 2009 
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 Alewife exhibited 
one of the greatest 
latitudinal shifts out 
of 36 stocks 

Presenter
Presentation Notes
Alewife is one of the species that has exhibited one of the greatest shifts in distribution northward of 36 stocks evaluated by Nye et al 2009; the dramatic effect may be partially due to high fishing pressure in the southern portion of the stock and failed recovery. But the evidence does suggest the population is shifting the center of biomass north and polewardRed hake shift is considered the one of the most extreme  5.52 kn/yr Shad Poleward Shift: 6.86 km/yr 



Ecological responses to climate impacts 

Pinsky et al. 2013. Science, Video file courtesy NOAA 

Presenter
Presentation Notes
Alewife have shifted the center of their distribution north by ~5.47 km/yr and to deeper depth of 1.15 m/yr from 1968-2007.Additional videos available at: http://nefsc.noaa.gov/ecosys/spatial-analyses/



Figure from Durant et al., 2013.  MEPS 

Shifts and increased variability in phenology : 
• Migration 
• Breeding 
• Early life history 
• Food habits 
• Species interactions 
• Fitness 

Ecological responses to climate impacts 

Presenter
Presentation Notes
Climate change is also changing the timing of species Phenology – or the timing of critical biological events, such as spring bloom, inshore/offshore/latitudinal migrations, breeding/spawning, developmentDifferential shifts increase the potential for trophic mismatches and asynchronies among species and conditions.One of the most familiar consequences of shifts in phenology that is familiar to fish and fisheries scientists and managers is the idea put forth by Cushing (1969) of the match –mismatch hypothesis where the strength of a year class is largely dependent on the availability of prey during critical life phases prior to recruitment.But in the face of climate change – many species are shifting the timing of critical life events ranging from migration to development;Ultimately shifts in timing can result in these trophic mismatches and have implications for foraging patters, fitness and survival.



Ecological and management implications of 
climate change induced shifts in phenology of 
coastal fish and wildlife species in the 
Northeast U.S. 

Project Objectives: 
• Synthesize alewife spawning migration timing data, potential 

environmental drivers, climate and other stressors 
• Evaluate influence of climate and environmental variables on 

alewife migration timing 
• Determine relationship between habitat 

quality/extent/connectivity and spawning run strength 

Image: M. Devine 



Conceptual model of modeling activities 

Variables with climate projections 

Presenter
Presentation Notes
Orange text shows variables that have associated climate projectionsWhen all environmental variables have been compiled, multivariate and GLMs will be used to determine which factors explain the greatest amount of variation in alewife responses across temporal and spatial scales.



Location Range of 
Years 

Mean day of year Direction of 
change 

 
 

Run 
initiation 

Run 
peak 

Run 
initiation 

Run 
peak 

Acushnet 2005-2015 98 120 

Agawam 2006-2015 88 117 

Herring 2009-2015 97 122 

Jones 2005-2015 101 120 

Monument 1990-2015 100 123 

Nemasket 1998-2015 81 105 

Stoney Brook 2007-2015 105 125 

Town Brook 2010-2015 98 120 

Changes in alewife spawning run timing 

earlier later no change 

Presenter
Presentation Notes
Map of 8 alewife spawning runs included in this study within the state of Massachusetts; preliminary results data table shows years and dates of run initiation and peaks and then our preliminary results of changes in timing at each site



1990 2000 2010 2020
0.00

0.10

0.20

0.30

0.40

Weighted mean migration temperatures 

Agawam 

Jones 

Monument 

Nemasket 

Stoney Brook 

Estimates the temperature that best 
characterizes each population  
(Quinn & Adams 1996; Ellis & Vokoun 2009)  

= daily # of fish x daily temp 

Annual total # of fish  

Presenter
Presentation Notes
Preliminary results, only Monument was significant; overall trend across all sites shows increase in valueConsidered an overall indicator of run timingWhere  Tw = n x t / NN = the annual total # of fish n = daily # of fish countedt = daily temperatureThe weighted mean migration temperature of the annual run (Quinn & Adams 1996) was used to estimate the temperature that best characterized each population Only Monument showed significant change over time (R2 = 0.30, p = 0.004).



Annual temperatures and counts 

 Strongest run 
was in the 
coldest river 

Annual water temperatures 

Run strength 

Presenter
Presentation Notes
Temperature and annual counts on y axis; sites on x axisBoxplots of  A) annual mean temperatures among sites (one-way ANOVA: F = 19.3; df = 7, 81; p < 0.001), and B) annual mean counts of fish (F = 30.2; df = 7, 90; p < 0.001). Results suggest the strongest runs are in the coldest rivers, indicating these sites may provide refugia from future climate change and are a priority for conservation.



Next steps 

• Evaluate drivers of migration 
patterns – temperature or flow? 

  
• Synthesize data from additional 

sites in MA and New England 
 

• Evaluate influence of climate 
from other stressors 

Presenter
Presentation Notes
Tommasi, et al 2015 showed temp and flow influence YOY recruitment along US coast; called for more field and lab studies;



• “Stationarity is dead” 
• Consideration of uncertain future 

projections as well as historic 
conditions 

• Emphasis on landscape-scale 
conservation, connectivity 
among protected habitats, and 
ecological functioning  

Managing for change 

Presenter
Presentation Notes
Climate adaptation has experienced a dramatic increase in attention and become a major emphasis in conservation, natural resource policy and managementInitiatives and strategies to prepare for, accommodate to, and cope with climate impacts Conservation and management goals need to be reassessed to ensure they are forward-looking and climate-informed





A Cooperative Project Involving: 

• MA Division of Fisheries and Wildlife 

• UMass Amherst Center for Agriculture, Food and the 
Environment 

• MA USGS Cooperative Fish and Wildlife Research Unit 

• DOI Northeast Climate Science Center 

 

Massachusetts Wildlife Climate Action Tool 
Inspiring local action to protect the Commonwealth's natural 

resources in a changing climate 
 



Objective: Make science accessible for people active at the local and regional 
levels by providing -  

• Information about climate change impacts  
• Vulnerabilities of various fish, wildlife, and habitats 
• Actions that can be taken to maintain ecosystem health and productivity 

in the face of climate change 

Target Audiences: 

• Local conservation organizations (land trusts, watershed associations) 

• Municipal government (conservation commissions, open space 
committees, departments of public works) 

• Regional planning authorities (RPAs) 

• Landowners 

• Individual citizens looking to take action in response to climate change 
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Climate Pages:Annual and seasonal trendsExtreme eventsInteractive mapsAdditional resource
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Presentation Notes
Coastal fish data; working with the MA Dept Marine Fisheries trawl and seine survey data to show seasonal historical distribution in MA inshore waters. For diadromous fishes like alewife (river herring) will be able to display aquatic and coastal layers (streams, estuaries and embayments)



Adaptation Strategies and Actions 
Maintain habitat connectivity: 

• Retrofit or replace culverts 
• Assessment of road-stream crossings 

 
Restore habitat connectivity & corridors:  

• Removal of dams and other barriers 
 

Restore natural coastal buffers:  
• Native vegetation buffers and plantings  
 

Restoring affected estuaries:  
• Reduce nutrient and sediment pollution runoff 

 

Aquatic & 
terrestrial 

Coastal & 
marine 



1600 1900 

Available river herring spawning habitat 

Figures from S. Mattocks MS Thesis 

 Mean lake and stream habitat remaining in 5 New England  watersheds by 
1900 was 14.7% and 16.6%, respectively 

Presenter
Presentation Notes
Estimated lost river herring productivity due to loss of habitatAll five watersheds experienced a significant reduction in available spawning habitat by 1900 (figure 3). The mean lake and stream habitat remaining in 1900 for the five focus watersheds was 14.7% and 16.6%, respectively. Standard errors were calculated as the standard deviation divided by the square root of N (5) for habitat remaining by 1900, which was 5.5 for lake habitat and 6.9 for river habitat. The greatest reduction in river and stream habitat occurred in the Connecticut and Merrimack River watersheds, with 6.7% and 7.9% habitat remaining by 1900, respectively. The greatest loss in lake and pond habitat occurred in the Merrimack and Thames-Pawcatuck River watersheds, with 2.8% and 6.4% remaining in 1900. Coastal Massachusetts had the most spawning habitat available in 1900, with 43.5% river and 51.8% lake habitat remaining. Thus, it is not surprising that the vast majority of productive current river herring runs are confined to this watershed
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Presentation Notes
Critical linkages analysis of dam removal based on ecological potential ; larger circles represent larger potential





Presenter
Presentation Notes
Map of priority crossings for possible culvert replacement 



Before After 



More information  available at http://necsc.umass.edu/  

Presenter
Presentation Notes
All files and further information are available at our website

http://necsc.umass.edu/
http://necsc.umass.edu/
http://necsc.umass.edu/
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