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“Global annually averaged 
surface air temperature has 
increased by about 1.8oF over 
the last 115 years. This period 
is now the warmest in the 
history of modern civilization.”



Earth’s temperature, 1880-2018

NASA Scientific Visualization Studio






Climate vs. Weather



“…it is extremely likely that 
human activities, especially 
emissions of greenhouse 
gases, are the dominant 
cause of the observed 
warming since the mid-20th 
century.”



How we know it’s humans.

From: https://www.bloomberg.com/graphics/2015-whats-warming-the-

https://www.bloomberg.com/graphics/2015-whats-warming-the-world/
https://www.bloomberg.com/graphics/2015-whats-warming-the-world/


Welcome to the 
Anthropocene



Welcome to the 
Anthropocene

n. the current geologic period during which human activity has 
been the dominant influence on climate and the environment.



The Northeastern United States 
is Getting Warmer
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Complex







So what is a climate model?

Chapter 4, Figure 4.3; NCA4/CSSR. 

“Simple” Complex



Resolution – grid spacing – has gotten finer

Chapter 4, Figure 4.3; NCA4/CSSR. 



Climate Scenarios:
Greater greenhouse gas emissions lead to 

significantly more warming

Figure 1, p. 4

RCP: 
Representative
Concentration 
Pathway

RCP8.5 = 8.5 W/m2



Climate Scenarios:
Lowest scenario ~ “Paris Agreement”

Figure 1, p. 4



“Paris Agreement”
limit warming to 2.8oF



Lower Scenario
limit warming to 4.3oF



Highest Scenario
unmitigated warming +7.7oF



Which scenario are we 
currently following?

A. ”Paris Agreement”
B. Lower scenario
C. Highest scenario



We are currently tracking 
the higher scenario



Resolution – grid spacing – has gotten finer

Statistical downscaling 7 km 



Northeastern US 
Climate Projections 

• 7 km grid cells
• 1980-2099
• 29 different 

climate models
• Highest climate 

scenario & lower
climate scenario

Dec-February 1980-2005 
Maximum Temperature

Pierce et al. 2014, 
J. Hydromet



Burakowski et al. in prep

Each thin line is a single climate model run. 
Black line is observed.

Northeastern US Annual 
Maximum Temperature



Burakowski et al. in prep

Run 29 different models using the lower 
emissions scenario (RCP4.5).

Northeastern US Annual 
Maximum Temperature



Burakowski et al. in prep

Calculate the average of the 29 different 
models (thick blue line).

Northeastern US Annual 
Maximum Temperature



Burakowski et al. in prep

Northeastern US Annual 
Maximum Temperature

Repeat the 29 model runs using the higher 
emissions scenario.



Burakowski et al. in prep

Compare the lower emissions scenario to 
the higher emissions scenario. 



Burakowski et al. in prep

Compare the lower emissions scenario to 
the higher emissions scenario. 

15.5oC



Burakowski et al. in prep

Compare the lower emissions scenario to 
the higher emissions scenario. 

15.5oC

18.4oC



Future Projections:
Extreme Temperature
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NH’s warming 
summers

Figure 1, p. 4

Maximum 
Temperature

Minimum 
Temperature

• Under lower emissions, like 
moving NH summer climate to 
Virginia.

• Under higher emissions, closer to 
North Carolina. NECIA, 2007

Northeastern US 
summer temperature



Figure 1, p. 4

Maximum 
Temperature

Minimum 
TemperatureMaximum 

Temperature
Minimum 

Temperature

Historically, most Northeastern US winters have 
below-freezing average daytime temperatures.

Burakowski et al. in prep

Daytime Winter Temperature



Figure 1, p. 4

Maximum 
Temperature

Minimum 
TemperatureMaximum 

Temperature
Minimum 

Temperature

Under lower emissions, it is much less likely to see 
below freezing daytime high temperatures. 

Burakowski et al. in prep

Daytime Winter Temperature



Figure 1, p. 4

Minimum 
TemperatureMaximum 

Temperature

Historical number of days with 
snow depth greater than ~ 6 inches

Burakowski et al. in prep



Figure 1, p. 4

Minimum 
TemperatureMaximum 

Temperature

Under the lower scenario, headwaters still 
have about 100 days of snow cover.  

Lower scenario

Burakowski et al. in prep



Figure 1, p. 4

Minimum 
TemperatureMaximum 

Temperature

Under higher scenario, only ~60 days with 
snow cover > 6” at the highest elevations.

Lower scenario

Higher scenario

Burakowski et al. in prep



Photo: Ken Gallager

Climate Change Indicators – Lake Ice Out



Winnipesaukee

Climate Change Indicators – Lake Ice Out



Winnipesaukee

Climate Change Indicators – Lake Ice Out



Winnipesaukee Ice Out ~1 week earlier

USGS
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A Lengthening Vernal Window?



Snowmelt to Canopy Closure
Creed et al. 2015

Contosta et al. 2017



The date of snowpack disappearance 
at Hubbard Brook NH, 1956-2010.

Groffman et al. 2012

Hubbard 
Brook



Snowpack disappears ~ 15 days 
earlier.

Groffman et al. 2012

Hubbard 
Brook

April 22nd

April 7th

Burakowski – ED34A-05 - Tracking the "Vernal Window"

Groffman et al. 2012



Earlier snowmelt lengthens the vernal window.



The date of canopy closure at 
Hubbard Brook NH, 1956-2010.

Hubbard 
Brook

Groffman et al. 2012



Canopy closes ~ 7 days earlier.

Hubbard 
Brook

May 28th

May 21st

Groffman et al. 2012



An overall lengthening of the vernal 
window, by ~8 days. 

Hubbard 
Brook

Groffman et al. 2012



A longer vernal window could lead to phenological 
mismatches in timing of key energy, carbon, and 

water related ecosystem processes. 



Energy:
Snowmelt  Snow-free



Carbon:
Snow-free  Budburst

Respiration:
C6H12O6 + O2  CO2 + H2O

During the snow-free period, soils warm up and microbes 
start respiring organic matter, releasing carbon dioxide.



Once budburst begins, ecosystem begins to take up carbon 
dioxide through photosynthesis. 

Photosynthesis
CO2 + H2O  C6H12O6 + O2

Carbon:
Snow-free  Budburst



Water:
Snowmelt  Peak streamflow



What will the vernal window look 
like in the future?



What will the vernal window look 
like in the future?

February 26, 2017 
Kingman Farm, Durham, NH

This is the warmest February day ever 
recorded in Boston. Boston Globe



Figure 1, p. 4

Minimum 
Temperature

Historical Increase in Extreme 
Precipitation

Maximum 
Temperature



Figure 1, p. 4

Minimum 
Temperature

Future precipitation trends:
No statistically significant increase in summer 

precipitation + warmer temperatures  drought
Maximum 

Temperature
Burakowski et al. in prep



Figure 1, p. 4

Minimum 
Temperature

Future precipitation trends:
Increase in winter precipitation + warmer 

temperature  more mid-winter rain or rain-on-snow
Maximum 

Temperature
Burakowski et al. in prep



Figure 1, p. 4
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Figure 1, p. 4

Minimum 
Temperature

Sea Level Rise
1-ft of sea level rise

Maximum 
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Shapley-Drisco House basement flooding in 
Portsmouth, NH



Solutions?
Mitigation & Adaptation

Climate Change is the Innovation 
Opportunity of the 21st Century

1. Price on carbon
2. Promote energy efficiency & renewables
3. Conserve ecosystems (key carbon sinks)
4. Transition to lower carbon food system
5. Adapt to unavoidable climate change
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