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Letter from the Editors

| Welcome to the Winter 2014 - 2015 edition of The Four Seasons, a
quarterly newsletter issued by the National Weather Service in Burlington,
VT. In this edition weobll take a
affecting us here in Vermont and
look back at this past fall, and revisit the major ice storm that affected

the North Country last December. Also featured is a glance at how and
why we measure snowpack in the winter, a peek into an upcoming
outreach event, and a more in - depth look into one of the staples of winter
weather in the North Country, upslope andg
delve into another section of our website, the higher summits forecast.
Thanks for reading and we hope you enjoy this edition of the newsletter.
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What are the key terms we need to understand when talking about Climate Chan

1. Weather This refers to actual dayto-day atmospheric conditions that we
experience Forexample,on Novemberll, 2014 the high temperaturein Burlington
Vermontwas62 degreesijt wassunnyandthere wasno rain.

2. Climate Thisrefersto the typicalconditionswe canexpectto happen,determined
by averagingpbservedweatherconditionsover a sufficientlylong period of time. For
examplejn mid-Novemberwe expectthe hightemperaturein Burlingtonto be in the
upper40s with mostlycloudyskiesandabout0.10¢ of raindaily.

3. ClimateVariability Thisrefersto the changesn the climatethat are dueto natural
forces,and usuallytake place over the courseof thousandsto tens of thousandsof
years (Continuedn Page?)
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4. ClimateChangeThisrefersto the changesn climatethat are due to humaninfluencesandtake placeover
the spanof decader a century- amuchmorerapidpacethan whatoccursnaturally

How have scientists determined that human induced climate change is occurring?

Over the past 30 to 40 years, researchershave been developingincreasinglycomplex computer
simulationsof the S I NJilih&esystem The S | NJglih&eisystem,depictedin Figurel below (source
IPCG; isaverycomplicatedmix of energyfeedbackoccurringbetweenthe ocean landandatmosphere These
computer simulationsare initially run, starting out with observedhistoricaldata and endingat the current
time, and then verified with how well their & T 2 NJB Qatch Vadoéis observedtrends Throughvarious
experimentswith the simulations,individualmodel componentsare changedin order to better understand
what balanceof naturaland humancausedanthropogenicjorcesprovidethe mostaccuratedt ¥ 2 NJviden
comparedto reality. Repeatedlyresearchersind that humancausedorcesare the maindriverthat produces
model resultsthat best matchreality. Keepin mind that althoughone researchemay determine a slightly
different mix of forcesfrom that found by another researcher this doesnot changethe fact that human
influencesare at work. Thisis preciselyhow scienceworks Eachresearchscientistbuilds upon the work of
others before them and refines the results Considerthe processin which scientistsand mathematicians
centuriesagowent from believingthe world wasflat to realizingit wasround and then trying to figure out
exactlyhow bigthe Earthwas Thefactis that the Earthwasalwaysround, but calculatedsize,determinedby
useof mathematicamodels,variedwith eachattempt.

i U

How is climate change -

— — J ges in the Atmosphere: Changes in the
NB f | USR U 2 2 e 0 é_ Composition, Circulation Hydrological Cycle
weather? é’m
In asensethereisnot poie-
much of a relationship Shoalon
The magnitudeof climate N, O, Ar,
H,0, CO, CH, N,0, 0, etc,  “oicanicActivity

change, with warming of
less than 1 degree
Fahrenheitper decade,is

Aerosols

very small when
comparedto the dayto-
day and yearto-year
naturalvariability Humans
cannot sense the

) ce-Ocea . Changes in the Cry
difference between a |l e i il Snow, Frozen Gtoundns:a o St Ot

temperature  of 68 — ~ .
degreesand 68,5 degrees Figurel. The9 I NIXCIKn@t&System(SourcelPCClntergovernmentaPanelon Climate

Change)

Soto linkasinglehot day,

or evenaheatwaveasproof of existenceof globalwarming(or a coldwaveasproof that globalwarmingdoes
not exist)is invalid Rather,longerterm patternsneedto be examined In a sense climate changeis about
changinghe oddsof how often patternsoccur. TheNationalCenterfor AtmospheridResearchput togethera
nicevideoexplanationshowinghow climatechangeis muchlike a basebalplayeron steroids Overthe course
ofthe LJ | &&dae¢ipheywill hit more homerunsthan they would havewithout useof steroids but they will

still strikeout. Seethe videoat: https:// www.youtubecom/watch?v=MVBb8|SXec.

(Continuedn Page3)
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So what are the climate change Viean Avg Temperature - Burlingfon Avea, VT (Threadtx)
e S A A LA A . -
NEf Il GdSR LJ 4 as Blue Line = Annual Average Temperature RedLine = Long Term Trend

observed |0ca"y? Dashed Red Line = Trend since 1975

It has been getting warmer
and wetter, with the fastestrate
of changehappeningn the last40
years, which is consistent with
what has been observedin many
other areasof the world.

Figure 2 shows the average
temperatures for Burlington VT,
one of the locations we have a
long term recordfor. Theaverage
temperature since 1905 hasrisen i
about 3 degrees, however since

1975 that trend has been at a  Figyre2. Mean annual temperaturesat Burlington, VT (KBTV)from 1905 ¢
faster rate. Despitethe warming 2013 Thered line is the long term trend and the dashedred line is the trend
trend, the yearto yearvariationis sincel975
still large This is due to the
natural variability forces, so even Mean Avg T‘ETT;:;‘:;;‘51”;';':2%'*12”“”’ v
in a Warming climate we can still Blue Line = Annual Average Temperature ‘ RedLine = Long Term Trend
have cold years, though the Dashed Red Line = Trend since 1975
frequency of such events is
reduced

Figure 3 shows the same
trends are being seen at Saint
Johnsbury Vermont as well. This
indicatesthat the changeswe see
in Burlingtonare not solelydue to
the expansion of the urban
environmentin the localarea The
observationsindicate that we are
warming much more quickly| «

duringthe winter andin particular
at night, especiallyover the past Figure3. Mean annualtemperaturesat SaintJohnsburySJBY) from 1905 ¢
40 years Thesetrends are shown 2013 Theredline is the long term trend and the dashedred line is the trend

in Figure4 on the nextpage sincel973

Thewarmingclimate alsomeansthat the time period betweenthe last springfrost and first fall frost is
getting longer. In the last 4 decades,many locationsin Vermontand northern New Yorkare now seeing
growingseasondearly 2 weekslonger. A longer growingseasonalso meansa shorter winter season The
yearlyice-out contestat W2 $&hdin WestDanvilleVThasprovento providean excellentdatasetfor how the
warmingclimateis changingvhenareapondsandlakeslosetheir icein the spring Figure5 showsthat the ice
is,on averagenow meltingalmost2 weeksearlierwhencomparedo the late 1980s.

Theyearsare trendingwetter aswell. Figure6 showsthe trendsin thoseobservationsThoughthe rate of
changein the trend overthe past40 yearsis not muchfaster,there hasbeenincreasedrariabilityfrom yearto
year. Thatcanbe seenin the differencesbetweenthe wet and dry yearsoverthe past20 yearsascompared
to the periodin the earlyto mid 20 century. Thisgreatervariabilityfits in with the (Continuedbn Page4)
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Mean Min Temperature - Burlington Area, VT (ThreadEx)
Time Period: 1905-2013
Blue Line = Annual Average Low Temperature

Red Line = Long Term Trend
Dashed Red Line = Trend since 1975
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Joe's Pond Ice Out Dates
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Data Courtesy Joe's Pond - www.joespondvermant.com

Total Precipitation - Jan through Dec - Burlington Area, VT (ThreadEx)
Time Period: 1905-2013

Blue Line = Annual Total Precipitation RedLine = Long Term Trend
Dashed Red Line = Trend since 1975
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theory that climate changewill also
lead to longer lasting weather
patterns, whether they be wet or
dry. Anotherwayto viewthe wetter
trends is to look at how many days
per year we have heavy rainfall
Figure7 on the next pageshowsthat
we are seeingmore of these heavy
raindaysperyear.

Snowfallis tricky as a warmer
and wetter climate can either mean
more snow or more rain, all
depending on the exact
temperature It appears that, at
least right now, we are trending
towards more snow However, at
some point, we will warm enough
that those marginal temperature
snowstormswe havenow will simply
be plain rain storms, so the
expectationis that in the future we
will seea downwardtrend develop
Figure 8 shows the long term
snowfall trends in Burlington, while
Figure9 showsthe trendson Mount
Mansfield
(Continuedn Pageb)

Figure4 (Top) Mean annual minimum
temperaturesat Burlington(KBTVfrom
1905 ¢ 2013 Thered line is the long
termtrend andthe dashedredlineisthe
trendsincel975

Figure5 (Middle) W2 $end, VT Spring
G L @ Siziidates from 1988 ¢ 2014
(Sourcewww.joespondvermontom)

Figure 6 (Bottom) Mean annual
precipitation at Burlington (KBTV)rom
1905 ¢ 2013 Thered line is the long
termtrend andthe dashedredlineisthe
trendsincel975




VOLUME I, ISSUE Il

PAGES

X/ 2yGAydsSR FNRY

tF3S n

So how can we be sure that the
LI 6GSNYya 6SQ@S
into the future as the climate
researchers s&y
Well, we just haveto trust the
experts who are working hard to
understand all the complex
interactions between the
atmosphere, ocean and land that
have roles in the 9 I NJickata
system As the understanding
increases, those interactions are
programmed into updated climate
models Justas dayto-day weather
models that we meteorologistsrely
on are getting more accurate each
year,soarethe climatemodels

What are some other sources | ca
access to read about local
information on climate chan@e

bh! 1! Qa /fAYF(GS t
https:/Mww.climate.go¥

Vermont Climate Assessment from
the University of Vermont:
http://vtclimate.ord

Regional Climate Centers:
http:/Mww.ncdc.noaa.gov/customer
support/partnerships/regional
climatecenters

Figure 4 (Top) Number of days at
Burlington(KBTVjrom 1905 ¢ 2013that
1¢ or greater of liquid precipitationwas
recorded Thered line is the long term
trend andthe dashedred lineisthe trend
sincel975

Figure5 (Middle) Total annual snowfall
at Burlington(KBTVJfrom 1905¢ 2013
Thered line is the long term trend and
the dashedineisthe trend sincel975
Figure6 (Bottom) Total annual snowfall
at Mount Mansfield(MMNVWL) from 1955
¢ 2013 Theredlineisthe longtermtrend

7.5

Number of Days

N
aSS)E{I

umber of Days Precipitatiqp >=1 —Jap through Dec ;Burlington Area, VT (ThreadEx)
g At € O 2Zrinerpids yoelz8s
ue Line = Number of Days with 1" of Precipitation RedLine = Long Term Trend

Dashed Red Line = Trend since 1975

1914 1925 1936 1947 1958 1969 1980 1991 2002 2013

Snowfall (inches

Total Snowfall - Jan through Dec - Burlington Area, VT (ThreadEx)
Time Period: 1905-2013
Blue Line = Annual Total Snowfall

Red Line = Long Term Trend
Dashed Red Line = Trend since 1975
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400

Snowfall (inches)

andthe dashedred line is the trend since

Total Snowfall - Jan through Dec - MT MANSFIELD, VT
Time Period: 1855-2013
Blue Line = Annual Total Snowfall RedLine = Long Term Trend

Dashed Red Line = Trend since 1975
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Aprolonged ice storm occurred across portions of northern Merk andnto Vermont, including the
Champlain Valley on Decembef'2ihd 229 of 2013. The December 2013 ice storm waddhgest icing
eventsince the ice storm of January 1998, and impacted many of the same areas. The December 2013 ic
storm produced widespread power outages, along with numerous vehicle accidents. The final cost of the
storm was estimated to be between 8 and 10 million dollars for northern New York to central and northern
Vermont, including the Tug Hill Plateau #mel SainfLawrence River Valley. At the peak of the storm, morg
than 75,000 customers were without power across the North Country with some outages lasting up to @ we
Figure 1 below shows the North Country storm total ice accumulation for Decenttard®2242013. The
heaviest ice accumulationof® T p ¢  dcurred derogsghe lower elevations of the Saint Lawrence anl
Champlain Valleys as well as parts ofiresisquoand Lamoille River Valleys in Vermont. Meanwhile, acloss
the higher terrain of the Adirondack and Green Mountains very limited ice accumulation occurred as
temperatures were above freezing throughout the event.

This ice storm
featured a complex 1(ST-0l North Country Storm Total Ice Accumulation - Dec. 21-22, 2013
of low pressure near Created: 12/23/2013 11:46 AM
PittsburghPA on
December 222013 at 1
AM, with a stationary
boundary draped across
western Newyork and
into southern New
England. The circulation g
around low pressure near
Pittsburgh PA brought
very warm and moist air
north, while arctic high
pressure near Hudson
Bay, pushed low level cold
air south. This battle zone
between the twaair- In Inches
massescombined witha | jooo-00e [ Jo75-09
favorable upper level jet | o10-024 7] 100149

weather.gov/burlington
stream and record high | B 025-0.45 [ 150- 199
I 0s0-074 [N 200- 4.00 3 Mies

precipitablewater values Y + ﬂ 4

to pro_duce this major ice Figure 1. North Country storm total ice accumulationsfor December21st through
(Continued on Page 7 Decembe@2nd, 2013

Source: National Weathet Seevice
Dighal Forecast Datadase
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stormacross the North
Country. The 7 AM upper air
sounding at Albany, NY had a
precipitablewater value of

M ®n oia the 99 Nércentile.
Figure 2o the leftshows the
surface analysis at 1 Adh
December 22, 2013
Meanwhile, surface
temperatures across the
Champlain and Saibawrerte
Valleys were only in the 20s to
near 30F, while the higher
elevations between 1500 and
2500 feet saw temperatures
well into the 40s to near 5B.
We will further investigate the
; vertical temperature profile in
b 4 the next section.

e £ .. q"“\\\\ . } S Ah
Figure2. Surfaceanalysisat 1 AMon DecembeR2, 2013
Figure3 to the rightshows the
vertical temperature profile from Green Hountains Temperature Profile
Burlington to Mount Mansfield, VT ¢  <ee8 [ - - -
December 21, 2018t 4 PM. This

profile shows a complex thermal 3508
structure across our region, with a
warm layer of temperature above 3000

freezing between 1000 and 3000 fe
abovesealevel, while near thgalley

surfacetemperatures were only in thj
middle 20s. As precipitation fell in th
form of snow in the cloud, it melted
when going through the 2000 feet

warm layer, before freezing again n
the surface. In some cases acrosst] 168
northern Champlain Valley and part

2588 -

Elevation {Feet}

15688 |-

of the Saint Lawrence Valley, the 500 """"""" """""""
depth of the cold layer was deep : i i
enough to produce periods of sleet 8

20 35

ice pellets, caused by the rain drops
re-freezing. This temperature profile I1s

a classic signature for freezing rain Figure3. VerticalTemperatureprofile from Burlingtonto Mount Mansfield,
events and is typically enhanced k))/ Vermontat 4 PMon [)EECEEFFHJEEEZ]?E 2013

our complex terrain across orggion.

(Continued on Page 8)

enperature (F}
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Figured below is a mosaic of ice storm photos from across the North Country. As you can see b
pictures the accumulation of ice damaged trees and produced numerous power outages, along with
blocking many back country roads. This long duration event progaiidedpread ice accumulations of
between one half and one inch across the Saint Lawrence and Champlain Valleys with up to 75,000
customers losing power. This event was the largest ice storm since January 1998 to impact the North
Country and will beememberedor many years to come.

] -

» PhotoCourte#yofJosh Ramsdell

Figure4. Picturestaken from December21st ¢ 22d 2013 From Top Left clockwise Berkshire VermonX Winooski,
VermonX Berkshireermont(courtesyof JoshRamsde)X Stowe Vermont(courtesyof ScottBraaten.
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Westerly flow upslope snow events are some of the more
challengingevents to forecast in Vermont These are highly
localized, possibly high impact events that affect the region
Upslopeprecipitationin generalis producedby cool moistair being
forced up the mountain slopes,and in this study, on northerly to
westerly winds (SeeFigure1). Dependingon the details of each
event,impactscanrangefrom only a few inchesalongthe peaksof
the GreenMountainsto a highwayclosingl to 3 foot snowstorm
alongthe western slopesof the GreenMountainsand eveninto
the ChamplainValley One of the main factorsin these eventsis
the terrain of Vermont, as shown in Figure 2. The Green
Mountains,with peaksashigh as4395feet (Mount Mansfield)run
primarily north to south through the central portion of the state Figure 1. lllustration of upslope
and are one of the main contributorsto upslopesnowfallin the precipitation (courtesy of National
state Butwhat makesone eventhighimpactwhile othersgo WeatherServiceVilmington,Ohio)
unnoticedexcept to the ski resors

Synoptic Weather Pattern
Thestate of the atmospherdeadingup to Rliebel
an upslope (orographic) snow event can
generallybe characterizedoy an upper level
trough or closed low moving through the
region, typically with a vorticity maximum
crossing the area At the surface, a low
pressure system is exiting the region, with
increasinglywesterlyto northerly flow in the
low levelsof the atmosphere(SeeFigure 3a b
on Pagel0). Thiswest to northwest flow in ffg::g:c“ '
the low levels combined with lingering low
and mid-level moisture (SeeFigure 3b) leads
to the developmentof upslopesnowshowers
It isthen at this point whenit becomescritical
as to how the mesoscalefeatures develop
with time. Figure 2. Locationsof the ChamplainValley and the Green
(Continuedn Pagel0) Mountainsin Vermont
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850mb Relotive Humidity (%) Composite Mean

NOAA/ESRL Physical Sciences Division

Figure3. Compositdmageshowing(a) 850 mb wind speedand directionand (b) 850 mb relativehumidityfrom 25

upslopesnowcaseshetween20072012. Notethe departinglow pressuresystemand the NorthwestWindsin (a)

andthe lingeringlow levelmoisturein (b).

The Froude Number
Differencesn the amountanddistribution of snowfallin upslopeeventscanbe partly attributed to the

differencebetween"BlockedUpslopeFlow" and "UnblockedUpslopeFlow", which can be quantified by the
FroudeNumber TheFroudeNumberis a numberrepresentinghe flow of air whenit comesin contactwith a
barrier,or in Vermont'scase the GreenMountains The GreenMountainsare oriented suchthat within only
15 miles, the elevationsrise from around 300 feet in Burlington (KBTV)Yo nearly 4400 feet on Mount
Mansfield The mountainsare alignedfrom north to south, suchthat it acts as a barrier for westerly (or
easterly)flow. In generalwesterlyflow, the FroudeNumberis an estimationof whetherthe flow canmakeit
over the mountainsand is basicallya ratio of the wind perpendicularto the mountain chain versusthe
atmosphericstability. If the FroudeNumberis high (> 1), the flow is supercriticaland unblocked(Figure4a).
Theair will flow freely overthe mountainsand depositthe heaviestprecipitationon the eastside A Froude
Numbernearl is considereccritical,andthe heaviestprecipitationwill likelyfall alongthe barrier (Figuredb).
AndIf the FroudeNumberislow (< 1), it is calledsubcriticalandis blocked(Figure4c). Theair will not makeit
overthe mountainandthe precipitationwill backup behindthe barrier.

<4

(b)

Figure4. lllustrationsdepictingthe differentstatesof the FroudeNumber 4a depictsunblockedlow, 4b depictscritical

flow, and 4c depictsblockedflow. Types of Upslope Snow Events

Therefore+ S NJY 2upsio@eEnow events can be groupedinto three distinct types The first is the
a! yof asévtiRFroudeNumbersgreaterthan 1.0. In thesecaseshe heaviersnowswill fall alongand
east of the spine of the GreenMountains (includingJay Peak,Waterbury, Stowe,and into the Northeast
Kingdom)SeeFigure5a). Thesecondypeisthe d . f 2 OdseSvRréFroudeNumbers
(Continuedn Pagell)
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between0.5 and 1.0. In thesecaseghe heavier
snows will fall along the spine of the Green
Mountains and along its western slopes
(including the communities of Underhill,
Jericho,Richmond,Bolton, and South Lincoln)
(SeeFigurebb). Thethird andmorerare type is
the & + S.NiB2 O ¢a$eRith FroudeNumbers
lessthan 0.5. In these casesthe heaviersnows
will actuallyfall along the western slopesand
into the Champlain Valley itself, including
Burlington (See Figure 5c¢). It should also be
noted that for theseupslopesnoweventsto be
| significantresearchhasshownthat they need
| to lastroughly12 or morehoursin duration

There are several key factors that can

influencethe FroudeNumberduring an event
The lower Froude Number events (blocked
cases)ypicallyexhibita veeringwind signature
with westnorthwest winds at the surfaceand
northwestwindsat mountaintop. Thereis also
the presenceof aninversionor isothermallayer
nearor belowthe mountainheightlevel Inthe
unblockedcases(higher FroudeNumbers) the
vertical wind profile typically lacks a veering
signature and is generally westnorthwest
throughout the lowest 4000 feet of the
atmosphere Aninversionor isothermallayeris
also typically absent below 4000 feet and
| conditionsare generallywellFmixedin the lower
levels
Conclusion

Westerly flow upslope snow events are
some of the more -challenging winter
forecastingeventsin Vermont Theseare highly
localized, possibly high impact events that
affectthe region TheFroudeNumberhasbeen
identified as serving an important role in
forecasting the snowfall distribution and
location of the greatestexpectedamounts It
can also be usedto help distinguishbetween
high impact heavy snow events and more
ordinaryandlighterupslopesnowfall

Figure5. Composite®f total snowfallamountsfor
25 upslope cases between 2007 ¢ 2012 over
| NorthernVT. 5a showsUnblockedcases,5b shows
| Blockedcases,5c shows Very Blockedcases The
| yellowline representghe spineof the GreenMtns.
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Lookingoack at the meteorologictll
of 2014, defined as the days from
SeptembestthroughNovember 38,
overall it was a relatively dry and mild
time period that led to great fall foliage
viewing across the North Country of

North Country September - November 2014 Departure from Normal

Canada
-‘ St Jeohmsourgy |
22259 b P

Vermont and northern New York.
For the three month period, the

temperatures at Burlington, VT were a EeCakalon Doparmrs tom Nommal

couple of degrees above the-§8ar =

normal (+2.4 degrees), and the majority of mu:: b New

the area finished the period from0to 2 | [ == Sgial | e

degrees above normal. Precipitation was | & New York B85

below normal across nearly all of the arep)| &« -

with some locations running a several ingh- _ v foment s
ources: NWS Cooperative ODSEIVETS, roremsk 0 5te Burtegton vermant " 2 g

deficit. Burlington, VT finished the autum

omated Observing Stations, CoCoRaHS
stations, and NCOC Climate Normals

«
2 Miles

o 2

I

2.59 inches below normal, however
Massena, NY was over 5 inches below
normal. The driest locations (relative to

Figure 2. Average Septemlgeglovember 2014 Temperature
Departures from 1982010 Normals

North Country September - November 2014 Departure from Normal

N Canada
+ 0
MESSERE) L "
» Burlington 4
5200 UP IS ohnsbuny;
...... RY Wivanten '.';315‘4.1_'4
.
Wahington
Saranac]Ioke y
LT Montpelier
HOSIG
Departure from Normal
(F)
.-
-+ . New
=2-= Putlazd Viedsor - e “I
g > ampshire
-2 Springfield
J4-0 = .
Jo-1 New York ! m
J1-2
=l2-3
3-4
=) % Vermont
Creamd by e National Weather Service AW: @‘
Sources: NWS Cooperative observers, Forecast O fice Buriington, Vermont 3“5‘“

Automated Observing Stations, CoCoRaHS ¢ 2 Py

Figure 1. Total SeptembeNovember 2014 Precipitation Departurg

S
from 19812010 Normals

normal) were the western slopes of the
Green Mountains and the northern
Champlain and Saint Lawrence Valleys.
Figures 1 and 2 show the 2014 departur
from the 1981¢ 2010 climate normals
across the North Country for both
temperature and precipitatian

The Fall of 2014 started quickly in
September with an initial shot of cold air
leading to some early frosts and freezes
but quickly moderated leading to a very
warm month of October, before slipping
back slightly below normal for Novembel.
LY IRRAGAZ2Y (2 aSS|a
widespread accumulating snowfall during
the week of Thanksgiving, portions of
northern New York experienced significgnt
lake effect snow during the third week of

(D

stations, and NCOC Climate Normals

November(Continued on Page 13)
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September Recap

Septembemasa bit of aroller coasterride. Themonth startedoff on the verywarm sidewith a pair of
near90° dayson the 15t and 2" (88 and 89 degreesat Burlington) Howeverthe weatherchangeddrastically
mid-month when the I dzii dz¥irgt ©hlly air massmovedinto the region Thetime period from the 120
throughthe 19" featured5 dayswith hightemperaturesstuckin the 50Q and lowsin the 30s and 40s, and
evensome20s, with the I NBfirsDf@st. Thesetemperatureswere 10 to 15 degreesbelow normalfor mid
September The temperaturesdid rebound againthough for the end of the month with nearrecord and
recordbreakinghighsin the 70s and 80s to closeout the month, about5 to 15 degreesabovenormalfor late
September Themonth wasoveralldry with little in the way of significantprecipitationevents,whichled to

excellenffall foliageviewingopportunities

ESTIMATED Total Snowfall November 18th - 21st 2014

a Created: 11/21/2014 12:04 PM 4
’ﬁL Createny e atonat Westher Snice ForeatOffce Brigion. Vermon 4
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Figure 3. Estimated Total Lake Effect Snowfall from Noveniber 18
2152014

North Country Storm Total Snowfall Ending November 27, 2014
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Figure 4. Reported Total Snowfall from NovembérZath 2014

Warmest 90°- South Hero, VT Sep 1t
Coolest21°- Saranad.ake NYSepl9h
Warmest at Burlington 89°- Sep 2
Coolestt Burlington 32°- Sepl 9"

October Recap

Octoberwas a very mild month that
featured well above normal and even
some record breakingtemperatures 24
out of the 31 daysat Burlingtonwere at
or abovenormal and 3 consecutivedays
mid month were in excesof 20 degrees
above normal October 15", 2014 tied
the record for the warmest Octoberday
on record at Burlingtonwith a high of 80
degrees,low of 68 degrees,and a mean
daily temperature of 74 degrees Record
highs were also set at Montpelier,
Massena, and Mount Mansfield The
month of Octoberalsodid not feature a
belowfreezingtemperatureat Burlington,
whichis only the third occurrencein the
historical record (since 1884), and the
first time since1920 Themonth however
did have some of the first snowflakesof
the season on the higher summits
October finished 5.4 degrees above
normal at Burlington, 3.1 degreesabove
normal at Montpelier, and 5.1 degrees
above normal at Massena No snow fell
duringthe month at Burlington
Warmest 82°- GouverneymMYOct15"
Coolest21°- Saranad.ake NYOct13"h
Warmestat Burlington 80°- Oct15h
Coolestat Burlington 34°- Oct20"

(Continuedn Pagel4)
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NovembeRecap

November,in contrastto October, was much
colder and featured a significantLake Effect snow
event on the heels of a very cold air massmid
month (SeeFigure3 on previous page) and the
a S | afesys@rificantwidespreadsnowfallon the
26" (SeeFigure 4 on previous page) The Lake
Effect event from November18" ¢ 21st brought
localizedamountsfrom 1 to in excessof 3 feet of
snow to parts of the Saint LawrenceValley and
Adirondacksof New York The snowfall event on
the 26M then broughta widespread4 to 12 inches
of snow from parts of the Adirondackseastward
and across Vermont The month itself finished
exactlynormalat Burlington,Vermont,nearnormal
at Massena,New York,and slightly below normal
acrossthe rest of Vermont The latter half of the
month wasthe mostactiveandfeaturedboth snow
eventsbut alsoseveralwarm daysincludingsome
nearrecordandrecordbreakinghightemperatures
on the 24" (SeeTablel and Figure5), justtwo days
before the widespreadsnow storm. The coldest
temperaturesof the month were experiencedon
the morningof November29" whichsaw

24-Hr High Temperature (F)

@

Graphic created: Tue Nov 25 2014 11:16 AM EST

widespreadlows in the singledigits and teens and
even a couple of below zero readings in the
NortheastKingdomand Adirondacksincludinga -3°
at SaranacLake,NY and -2° at Canaan,VT The
month ended with 10.6 inches of snow at
Burlington

Warmest 70°- MassenaNYNovembeR4"h
Coolest-3°- Saranad.ake NYNovembe 9"
Warmestat Burlington 67°- Novembe24®"
Coolestt Burlington 12°- Novembef 9"

New Record| ©Old Record

for 11/24 (Year)
Burlington 67° 65°(1999)
Montpelier 64° 60° (1979)
Massena 70° 69°(2003)

: Reports ending 7 A.M. EST/EDT Tue Hov 25 2014
o

NOAA / National Weather Service Burlington, Yermont

Table 1. Record Highs Set for Novemby 2a14 !

Figure 5. 24 Hour High
Temperatures from 7 AM
November 2%t ¢ 7 AM
November 28, 2014 across
Northern New York and
Vermont.
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Aswe headinto the heartof winter, the hydrologyprogramat
NWSBurlingtonturns our attention to the snowpack Why is this
important? The snowpack that accumulates in the Green
Mountainsand Adirondackghroughout the winter is like a water
bankaccount Whenit melts, snow canadd more runoff to rivers
and streams,in addition to any rain that might fall as well. The
National Weather Serviceand other federal agenciesuse several
different methodsto assessnowpacknationwide In Vermontand
Northern New York,we rely on humanobserversremote sensing,
andcomputermodelsto giveusthe bigpicture.

Thetwo elementsof snowpackve measureareits depth and
water content, or Snow Water Equivalent(SWE) The SWEis
important becauseit tells us how much liquid water is held in our
snowbankaccountwaitingfor the springmelt.

One way we measure the snowpack is by using an
a ! RA NIByoR{ IOY LITKSME five foot long fiberglasstube
with serratedsteelteeth at one end. Touseit, the tube is plunged
into the snowcover,and the snowdepthis read on the graduated
scaleprinted on the outsideof the tube. Thenthe tube is retrieved
from the snow,and alongwith it a plug of snow We then hangthe
tube on aspeciallycalibratedscalethat readsout the water content

Adirondack Snow Sampler in 57 inches [of
snow

Adirondack snow tube and scale in their natural elements. of the snowin inches Theconceptisthis: for the
: - ] diameter tube ¢ S QiBg, an inch of liquid
water weighsthe samewhether A {irQitde form
of liquid water, 3 feet of fluffy snow,or a layerof
sleet Theyall cancontainaninchof water.
Oncewe knowthe depth of snowand the
water content we can calculate the snow
density, which is a ratio of water content to
snow depth. When we start getting to ratios
over 50% we saythe snowis very dense,and if
the temperatureis near freezingits considered
G NR ad$eady to melt. Lower densitiesneed
more warmingand settling of the snow before
melt will start.
(Continuedn Pagel6)
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Startingin Januarysnow pack observationswill be
takeneverytwo weeks Snowpackeadingscomefrom a
diversegroup that includespower companiesjndividual
observers,and the US Army Corps of Engineers The
National Weather Service then issues scheduled
Winter/Spring Flood Outlooks based on the snow
conditions and forecast weather. Area waterways can
usuallyhandlethe snowmelt A (im@enwe addrainfallon
top that the problemsarise

MA INSTRUMENT CC-
G“AE':quTEAD. NEW YORK
USA

4 3 12

NWS Meteorologist Brooke
Taber demonstrates the use
of an Adirondack Snow
Sampler (Top Right).

NWS Meteorologist Jessica
Neilesmeasuring 21 inches
of Snow Water Equivalent in
57 inches of snow depth
(Top Left)

Adirondack Snow Sampler

showing 21 inches of Snow

Water Equivalent (Bottom
Left)




VOLUME I, ISSUE Il

- bt®o snowflakes arke f A-+ S ¢

Thisphrase comes from the work of Wilson
"Snowflake" Bentley (186831), who on January 15th,
1885 during anowstormin Jericho Vermont, was the first
personto photograph a single snow crystal (snowflake)
under a microscope. He went on to photogralpbusands
of snow crystal images and found "no twolaré A { S @ ¢
Hepublished his work in his bodknow Crystalgnd in
the American Meteorologic8lociety'scientificjournal,
Monthly Weather Review

ToOSt SONI GS 2Afazy1say y2e6"
birthday, the Jericho Vermont Historical Society will hold a
symposiumto discuss theeminal photographic and
scientific contributions diis life's work. The event will be
held at the Jericho Elementary School Auditorium,
Vermont State Rout#5, on Tuesday, February 10, 2015 at
7:00 p.m.

TheSymposium will be moderated by Mark S. Breen,
"Eye on thd { & d&FairbghRs Museum arRlanetarium
Meteorologist,St. Johnsbury, VT, Dr. Bruce Berryman,

Lyndonville, VT, John Miller, Professor of Photography,
Johnson State College, Johnson, VT, and Paul A. Sisson,

Burlington, VTThis event is free and open to the public.
Formore on Wilson "Snowflake" Bentley, please
0KS WSNAOK2X +#SNX2y(d | Aadz

Bentley web sitewww.snowflakebentley.com or the
Bentley SnovCrystal Collection
(http://bentley.sciencebuff.org) atthe Buffalo Museum of
Science. Mangf his microphotographs caaisobe seen in
the NOAAPhoto Library
(www.photolib.noaa.gov/nws/newsnowicel.hjmi

Professor of Atmospheric Sciences, Lyndon State College,

Science and Operations Officer, National Weather Service,
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WhenFeb. 107 PM

Wheredericho , VT
Elementary School

CostFree

NJ
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Monthly Weather Review 1902, and available
on the NOAA Photo Library.
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In our last edition we spoke aboutour | =~ gEmEe S o~
popular Lake ChamplainForecast,but as we | .71 pe oo s sy s, s s ssrn
headinto winter our other recreationalproduct N . I ———
takes center stage, the Higher Summits| «©= e remateee T L
ForecastAsboatershangup their gearfor the | 7 G sy e S o i s s
winter, many LJS 2 LINGUGHS tum to the | Zin i Bt e
mountains with interests in skiing, hiking, | ... ceciso sorscisr oo
snowshoeingegtc. for the upcomingseasonAs [ e s swaen
we do with everyforecastwe produce,herewe e F T i i
strive to_provide the highest quality forecast e LAt LA
information for the highest peaks across o o 3 1 1o a e s e e |
Vermont and Northern New York On our °
website, under & C 2 NB Gahdi tfien € the I |
GWSONBLFGAZ2Y It ¢ tab, | AT
(http:// www.weathergov/btv/recreation)  you e T
can find everything we produce for the o A L

mountains from daily forecasts to current  an exampleof the point ngherSummltsForecastfor Mount
conditionsandmore. Mansfield, Vermont

Ourmain delivery method of this forecast is through text, where at the top of the page we provide
broad overview of theonditionsexpected over the next 36 to 48 hours. Looking for a more detailed fore
for an exact mountain top? We can help there too, with our Mountain Poigtcasts (See Figure above).

= Hereg S Qr@Ripickedsome of the more popular

summitdestinationsacrosshe area,and provideda
highly detailed forecastin three-hourly increments
for a variety of weather parameters such as
temperature,wind, probabilityor precipitation,and
more! Justuseour handyGoogleMap interfaceand
clickon a mountainicon on the mapfor a forecast
Youg 2 yb@disappointed!

Also be sure to check out our & a 2 dj
MansfieldRegionaMesonett NEB HSeéfiGuée to
the left) (http://mww.weathergov/btv/profile)
where we plot current conditionson and around
Mount Mansfieldto providein essencea reattime
vertical temperature profile over the northern
GreenMountains Thiscancertainlyaid youin your

Google earth
e

CaS

ry

Asnapshobf the Mount MansfieldRegionaMesonetProfile  travelsinto the mountainson anygivenday!

t
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Brooke Taber, Meteorologist

Editors:
Kimberly McMahon, Meteorologist
Michael MuccilliMeteorologist

‘ We Need Your Storm Reports! *

Please report snowfall, flooding, damaging winds, hail,
and tornadoes. When doing so, please try, to the best of
your ability, to measure snowfall, estimate hail size, and

be specific as to what damage occurred and when. We

also love pictures!

For reports, please call:

(802) 8634279
%. Or visit: ‘

T http://www.weather.gov/btv/stormreport :.".f; ¢

National Weather Service Burlington, V
Burlington International Airport
1200 Airport Drive
South Burlington, VT 05403
Phone: (802) 862 2475

www.weather.gov/btv ~ _
i NWSBUrlington
Emailbtv.webmaster@noaa.gov Y o 9

Follow us on Facebook and Twitte

_r4 US National Weather Service
Burlington, VT




