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How has winter climate changed in the past?
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Garlick et al., 2019; 

Available at: hubbardbrook.org

Key Findings:

1. We are losing cold –

fewer days below freezing, 

less frequent extreme cold 

days (< 0oF)  

2. We are losing snow –

fewer days with snow cover

3. Winters are shorter –

sustained cold period 

shortening, largely due to 

earlier spring



Winter 

Weather

Whiplash

Photo: Jessica Hill/AP Photo: Alix Contosta



Winter Weather Whiplash

at Hubbard Brook

Casson, Contosta, Burakowski et al. 2019, Earth’s Future



Streamflow increased FIVE TIMES 

during “winter heat waves” compared to 

winter base flow.

Casson, Contosta, Burakowski et al. 2019, Earth’s Future

64.4oF



Streamflow increased an ORDER OF 

MAGNITUDE during “rain-on-snow” 

compared to winter base flow.

Casson, Contosta, Burakowski et al. 2019, Earth’s Future



“Winter heat waves” increase in frequency 

in a warming climate. Less frequent rain-

on-snow for all but highest elevations 

Sheridan & Lee, 2018; 

UNH Kingman Farm 

Feb 24, 2017
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snowmegeddons & 

snowpacolypses?

Zarzycki, 2018; O’Gorman, 2014; 

Ning & Bradley, 2015 Photo: Lindsey Webb, 2014



What about the 

trends in 

snowmegeddons & 

snowpacolypses?

Zarzycki, 2018; O’Gorman, 2014; 

Ning & Bradley, 2015 Photo: Lindsey Webb, 2014

... it’s complicated.



The Future of Northeast Snowstorms?

It’s complicated.

Zarzycki, 2018; O’Gorman, 2014; 

Ning & Bradley, 2015 

• warmer atmosphere holds more 

moisture.

• overall increase in winter precipitation.

• however, precipitation more likely to fall 

as rain instead of snow

• decreases in both large and small 

snowstorms, but the decrease is larger 

for smaller storms



A longer mud season?



Snowmelt to Canopy Closure
Groffman et al. 2012

Creed et al. 2015

Contosta et al. 2017



Hubbard Brook snowpack disappears 

~ 15 days earlier.

Hubbard 

Brook

April 22nd

April 7th

Groffman et al. 2012



Earlier snowmelt lengthens the vernal window.



Hubbard Brook canopy closes 

~ 7 days earlier.

Hubbard 

Brook

May 28th

May 21st

Groffman et al. 2012



Canopy closure also earlier, but at slower pace 

than snow disappearance.



An overall lengthening of the vernal 

window, by ~8 days. 

Hubbard 

Brook

Groffman et al. 2012



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
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• 1/16 degree (~ 7 km)

• Daily data, 1980-2099

• Northeastern US domain

• 29 CMIP5 models

• lower (RCP4.5) and higher 

(RCP8.5) climate scenarios
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Thin line is a single climate model. 

Black line is observed.

Burakowski et al. in prep

Winter (DJF)

Maximum

Temperature



Winter maximum temperature increases 

3oC by 2100 under lower scenario. 

-1.2oC Burakowski et al. in prep

Winter (DJF)

Maximum

Temperature

1.8oC



And 3oC under higher scenario. 

Burakowski et al. in prep
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Maximum
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1.8oC

4.0oC

-1.2oC



Snowmaking Days 

(daily minimum < -5oC)

• Historically, White Mountains 

average one month of 

snowmaking days, Nov 1 - Dec 

25th.

• By 2100, reduced to three weeks 

under lower scenario and to two 

weeks under higher scenario.



Increases in ‘cold season’ precipitation, though 

with larger uncertainty than temperature

Burakowski et al. in prep

Winter (DJF)

Maximum

Temperature
634 mm

645 mm

570 mm
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