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e Regional climate controls

* Climate trends
* Activity — statistical method to predict seasonal weather
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IRI Multi-Model Probability Forecast for Temperature
for December-January-February 2015, Issued November 2014
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North Country Total Snowfall: November 2014 - April 2015
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 HDDs correlate well with energy use
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St. Johnsbury, VT: Cumulative Heating Degree Days Time Series

Averaging 5 fewer HDDS a season, so about 100 fewer HDDS
next 20 years, a few percent less energy usage, on average.
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Over the last century, heating demand has declined
5-10 % due to winter warming.
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MCEP/NCAR Reanalysis
Surface air {C) Composite Anomaly 1981 -2810 clime
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NCEF/MCAR Rednalysis
500mb Geopsotential Height {m) Composite Mean
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Meters AGL

Arctic air masses typically have a long residence

time over high latitude continental regions with

Source * at 44.42 N
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Job ID: 126875 Job Start: Tue Jun 30 17:15:58 UTC 2015
Source 1 lat.: 44.42 lon.: -72.02 hgts: 500, 750, 1000 m AGL

Trajectory Direction: Backward ~ Duration: 96 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 16 Jan 2014 - EDAS40
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Sampling arctic air at Lyndon State

LSC Main Station (EST

B Tempermture (F) B Dewpoint (F) B Relative Humidity (7o)

10 100
£ - 30
24 - 80

-2 - 70

-G - B0

-10+ - 50
-14+ - 40
-15 - 30
=22 - 20
-26 -10
=30 T T T T T T 1]
015234 015234 0123114 012314 0123104 01723014
04:00:00 030000 10:00:00 12:00:00 14:00:00

Q6 :00:00

Relative Humidity (%)

14






icult to get
precipitation/clouds to form)

* |sothermal low-level air mass
(coldest air mass at the surface)
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KM FT(x1000)
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* Other areas of the US have significant winter ENSO relationships, but
not the Northeast US

e ENSO has little to no effect on winter conditions in the Northeast US
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climate.rutgers.edu/snowcover/chart_anom.php?ui_set=1&ui_region=nhland8ui_month=10

Theory: snowier fall conditions produce

an increased risk for cold air mass development
and eventual movement into middle latitudes — [ cuests _— NASA MESSURES

In other words, if there’s more snow in the fall, Snowy Octobers last two years
then somewhere in the Northern Hemisphere,
there is bound to be an enhanced risk of arctic air
masses moving southward away from the arctic.

Northern Hemisphere Snow Cover Anomalies
1967-2014 October
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This is an example of a positive feedback loop, an
negative correlation.
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Surface air {C) Compoesite Anomaly 19812010 <lime
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Dec tz Feb:

Surface air {C) Compesite Anomaly 1981-2010 <lime
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Fall Sea-Surface Temperature Anomalies Preceding Cold Winters

Surface 35T (C) Composite Anomaly 1881-2010 climoe

""E' North and Central Atlantic Ocean
is average to cold.

Oceans play a significant role
in forcing the atmosphere
over longer time periods.
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Arctic Oscillation
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St. Johnsbury, VT: Cumulative Heating Degree Days Time Series

Averaging 5 fewer HDDS a season, so about 100 fewer HDDS
next 20 years, a few percent less energy usage, on average.
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Over the last century, heating demand has declined
5-10 % due to winter warming.
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APRIL 2011
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F1G. 3. (left) Last spring freeze and first autumn frost and (right) length of freeze period and growing season (data
from Schwartz et al. 2006).

Winters are getting shorter and the growing season is increasing.

http://journals.ametsoc.org/doi/full/10.1175/2011WCAS1096.1?prevSearch=[Contrib%3A+alan+betts]&searchHistoryKey=
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F1G. 4. (left) Freeze-up and ice-out days for Stile’s Pond and ice-out for Joe’s Pond and (right) winter frozen period

for Stile’s Pond. (Ice-out in 1975 is missing. )

Betts 2011

Winters are getting shorter through other proxies.
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* For example, you could look at the ENSO state, which represents El
Nifo/La Nifia, the largest oceanic oscillation on monthly to yearly
time scales

 We will relate the Arctic Oscillation to show how this is related to
winter temperatures
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* There is well documented literature on the topic physically connecting
the two — as mentioned earlier

* Enhanced fall snow cover enhances the Hemispheric cold air reservoir and
creates a greater potential for winter cold in the mid and high latitudes

* Complex interaction involving stratosphere and troposphere, but it has been
physically described — still need “weather” events to move cold air south
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Precipitation forecasting is much more difficult
than temperature forecasting.
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IRI Multi-Model Probability Forecast for Temperature
for September-October-November 2015, Issued June 2015
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Winter (Dec— Feb) Outlook
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occasional prolonged cold weather like the last two winters

* Climate models struggle with seasonal forecasting and processes as
snow cover-land surface feedbacks

* Vermont winters are getting shorter (especially with their late arrival),
but they can have intense stretches as they have in the past

* The next ten winters will probably be like the last ten winters
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* Excel sheet is available at:
https://drive.google.com/file/d/0B3NtxLJnOImFRUxHQU9gMnNJazg/

view?usp=sharing
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