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Background

Unseasonably warmveather continues this fall no frost yet in the region. The second or third

weekend in October iBistorically the peak of leaf season, and we are still green. Even though winter is
currently a distant thought, it is inevitable.

RaygWeather.Com has produced a winter forecast in October Gyelars.Generally scoring last year's
forecast, it was gredbor the mountains but an undefiorecast for the FoothillsThe highlights included:

1. Beingwithin 3" of the exact seasonahow totalfor Boone Banner Elk, Galax, and Jeffer¢sae
Table 1 fodetails)

2. An excellent temperature forecast for the whole regi Weforecast"temperatures about 1
degree above longerm averages (with big swings warm to cold)". Overall lastanj
temperatures wereabout 2 degrees above average.

3. The forecast for "big temperature swings" worked out well.

Tablel:[ I & i RWEIF&RRESs Wint&nowfallForecast

Location Forecast Actual Actual- Forecast
Asheville NC 12 16" +4"
Banner Elk, NC 40" 42" +2'
Beech Mtn NC 85" 65" -20"
Boone NC 34" 37" +3"
Galax, VA 18" 21 -0 €
Hendersonville 7" 12" +5¢
Hickory 5" 10" +5"
Independence, VA 19" 22" +3
Jefferson& W Jefferson 21" 24¢ +3'
Lenoir 5" 15" +10"
Morganton 5" 14" +9"
Mt Airy 9" 15¢ +6€
Old Fort 6" 14¢ +8¢
Sparta 20" 25¢ +5'
Spruce Pine 18" 21" +3'
Sugar Mountain 85" 78" -7"
Waynesville 14" 13" --1"
Wilkesboro & N Wilkesboro 7" 11 +4€

Wytheville, VA 20" 288 +&



http://raysweather.com
https://peakgroup.insure/

Summary of the Fearless Forecast for Winter 2018-2019

YoumaywanttoNB | R GKS NI dA2yl S

dKFE G

T2t t.2¢6a3 odzi 6SQf f

1 Snow totalsl5% above the 1§ear averages with greater than average icing potential.
1 Temperatures £ degrees colder than average.
1 Cold and snow relative to average will be most extreme during the heart of winter (January and

February).

Below are forecast totals fanany locations in the Southern Appalachiafidote: e forecastsnowfall
total includes snow/ice falling between October 20dnd May 208.)

Table2: Specific 208-19 Snowfall Forecastfor Selected Locations

Location Expected Total Snow/Ice for
Winter 20182019
Asheville, NC 16"
Banner Elk, NC 50"
Beech Mountain, NC 100
Boone, NC 42"
Galax, VA 24"
Hendersonville NC 11"
Hickory, NC 6"
Independence, VA 23"
Jefferson and West Jefferson 24"
Lenoir, NC 7"
Morganton, NC 7
Mt. Airy, NC 12"
Old Fort NC 8"
Sparta, NC 23"
Spruce Pine, NC 24"
Sugar Mountain, NC 100
Waynesville, NC 17
Wilkesboro and N. Wilkesboro 9"
Wytheville, VA 25"
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for the Southern Appalachians and Foothills all winter

{y26062F NRAY3IH

2 S efrtb-dayf@étasts@ 2 dz Ay F

This forecast does not come out of thir. It comes from serious analysis; continue reading for the

rationale

Fearless Forecast Rationale

ENSO Analysis

As always, the first dateonsidered ira Winter forecast are the current state and forecast for the El
Nifid'Southern Oscillation (ENS@®NSO ia measure of largecale weather conditions the Equatorial
Pacific It fluctuatesbetweenEl Nifio(associate with warmer than average sea surface temperatures in



the Equatorial Pacific) arlca Nifigassociated witttolder than average sea surface temperatsin the
Equatorial Pacific).

Currently, theENSO isfficially classified adleutrd; however, the October 11, 2018, Sea Surface
Temperature Anomaly Map shows warmer than average ocean temperature dominating the Equatorial
Pacific. We are close to El Nifio conditions. As a matter of curiositycooler water in the Eastern
Caribbean, mieAtlantic and southwest of Baja where Michael, Florence, and Sergio respectively
churned up the ocean and pulled cooler weather to the surface.

NOAA/NESDIS SST Anomaly (degrees C), 10/11,/2018
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Figurel: Ssa Surface Temperature Anomaly/11/2018
(www.ospo.noaa.gov/Products/ocean/sst/anomalyy

Last October, we were in the opposite situation
officially Neutral conditions but close to La Nifia
and headed toward enoderateLa Nifa IRI/CPC

Model Predictions of ENSO from Sep 2018

ENSO computer modeddmost unanimously
predictEl Nifioconditionsto develop this winter
Figure 2 shows current ENSO model predictions
To be classified as&| Nifig the SSTndex needs
to be above 05 for 3 consecutive month#lost
models forecaspredicta moderateEl Nifio event
(between 0.5 to 1 degree above average for ’

Nino3.4 55T Anomaly {C)

QBSERVED FORECAST
equatorial SSTshowever, as you can see in the ViR o s cio we or g ne e Al
graphic, some models forecast a somewhat Figure2: Forecast for ENS@om

www.cpc.ncep.noaa.gov/products/analysis_monitoring

stronger El Nifiowinter. | i
enso_advisory/ensodisc.shtil

Figure Inext pageshows snow data from Boone,

NC You see seasonal snow data f& fyears classified by ENSO type (Strondifiththrough Strong La

Nifig). The graph also shows the letegm average and a }@ear moving averagelNote thatweak to

moderate El Ninavinters tend to havenore than average snowfall



Annual Snow Comparison by EIl Nifo/La Nifia Oscillation for Boone, NC
(2018-2019 is expected to be a Moderate El Nifio Winter)
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Winter Season i}
RWC Forecast for Boone
Strong EINino | | Moderate El Nino [ |Neutral Moderate La Nina || Strong La Nina .
IAverage: 49.4" I:I Average: 43.9" HAverage: 401" Average: 37.3" Average: 30.3" :[One Standard Dewanc;n_z 5105 ,ORaysWeather,Com

Figure3: Total Winter Snowfall in Boone, NC, Classified by EREECSO classifications derived from
Www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shiml
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Modoki. Seegjamstec.go.jp/frcgc/research/d1/iod/enmodoki_home_s.html.€Fhe El Nifio Modoki is
characterized by the greatest equatorial warmiththe central Pacific with cooling in the eastern and

western Pacific. In contrast,maore chssicEl Nifio has greatest warming in the eastern Pacific and

cooling in the central and western.

The area of greatest warmth will ultimately help determine position of troughs and ridges downstream
over the US. Classi€l Nifiotends to allow for a strog southern jet into the southern.\% which
brings increased precipitation and cloud cover but can limit cold air intrusions intéatite

TheEl NifloModoki still has the increased presence of the southern jet over the southe®nbut the
position ofthe long waves are shifted a bit west and this allows for more cold air intrusions into the
eastern US from the north and east (backdoor fronts, wedgesc.) due to a negative NA@ee NAO
discussion below)


http://www.jamstec.go.jp/frcgc/research/d1/iod/enmodoki_home_s.html.en

Basedon predictedENSO conditions, we chose 10 Best Fit Winters. We chose moé#ididowinters
with Sea Surface Temperature Anomolies generally betwéer and +1.3 that includes some winters
where the SSTs when slightly above the "moderate” raigpe Best Fit Winterare:2014-15, 200809,
200607, 200405, 199495, 198687, 197778, 197677, 196970, and 19689

. . . . 10-Year Average Minus Total Snowfall
Average total snowfall in the Best Fit Winters in Boone, Best Fit Winters

NC, i43.9', 8%morethan the longterm average (4@ 0 >

and 18% above the Ifear averageAn analysis of the

Best Fit Winters comparing each to the-yi€ar moving .
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average shows thatixof these wintershave above
average snow (four with below averag&jgure 4 shows
snowfal in Best Fit Winters relative to their @ar

Difference from 10-year Average
[
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Figure 5 compares Best Fit Winter Snowfall with all ©2018, RaysWeather.Com
ModerateEl Nifiowinters and all othewinters. El Figure 4: Best Fit Winters Total Snowfall Compared teyd@r Average.

NifioWinterstend to concentrate snow in the heart of
winter (January and February), law start, and more snow than average in April.

Average Snowfall by Month

(Best-Fit Winters, Moderate El Nino Winters, and Other Winters)

14.83

Best-Fit
Winters

Inches of Snow
®

o 022

October  November December  January  February  March April Way
Month

® 2018, RaysWeather.Com

Figureb: Snow totals from air BestFit Winters (201405, 200809, 200607, 200405, 199495, 198687, 197778,
197677, 196970, and 19689) compared with allModerate El NifiloWinters and
all otherwinters. Snow totals shown are from Boone, NC.

El NifioWinters tend to be wetter and stormier than 7 < oy —
average in the Southeast U. S. because of a persistent. : e 5
southern jet stream bringigp energy from the Equatorial
Pacific to the Gulf Coast region. Areas of low pressure
tend to move east into Southern California and then ini
the Western Gulf, across the Southeast, and up the Ee
Coast. See Figure 6 for a depiction of the typitallifio
pattern in winter. El NifioWinters tend to be tough for ed s
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Figure6: El Nino WinterClimatePattern
(from www.climate.gov/enso



the Rocky Mountain Ski industry (warmer and drier than average), colder in the Ohio

Valley and Southeast, and wet along the Gulf Coast. Details on the track and timing of each low
determine he type of precipitatiorwith icing and wintry mix event more likely than in other types of
winters. Arecent NOAA Climate Prediction Center seasonal miodetast see Figure 7 below
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Figure 7 Recent NOAA CPC Seasonal Model SummabBefof018; Feb2019
(from www.cpc.noaa.gov/products/predictions/90day)

Figure8 comparesaverage
temperatures inour Best Fit Winters
with all Moderate El NifioWinters and
all other winters El Nifiowinter
temperatures tend to be similar to
other years except falanuary and
February. Consistent with the snowfall
data, the heart of winter ikl Nifloyears
tends to be much colder than other
years. Overall, our comparison years
were 1.4 degrees colder than average.

The main takeawafrom the analysis of
ENSO forecast for the coming wintee:

Average Temperature

40.0

Average Temperature by Month
(Best-Fit Winters, Moderate El Nino Winters, and Other Winters)
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© 2018, RaysWeather.Com

Figure8: Average temperatures from or BestFit Winters
compared withModerate El NinoWinters andall other winters.

Temperature data isSrom Boone, NC.

1. Below average temperatures in January and February
2. Seasonalrow totals slightly abovaverage and focused on January/February

Climate Change

First, ¢imate change is real. If you are interestedhigood sourcef scientific dataandanalysis on the
subject, sedttp://climate.nasa.qov/evidence/SecondfFigures 9 and 10 show broad measures of

climate change effectdminishing Arctic Icand Average Tempenates in North AmericaThe areal
extent of Arctic Sea laemainsnearall-time recordsfor least Arcticde. And the lasthree years have

been the warmest in North Y S NA OF Qa
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http://climate.nasa.gov/evidence/
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Figure9: Extent of Arctic Icg¢from
nsidc.org/arcticseaicenews/

However, the effects of climate

GISTEMP Seasonal Cycle since 1880

1680 Jun 2018

Anomaly (C) (w.r.t 1980-2015)

Seasonal cycle from MERRA2. Figure: NASA/GISS/GISTEMP

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

FigurelO: Average Temperature in North Amerig¢érom
data.giss.nasa.gov/gistemp/news/2018071p/

change are not linear or uniform
in either time orfrom region to
region Warming, that has been
experiencel across most of the
world, has not evidenced itself as
strongly in the Southeast U. S.
Figure 11shows averagannual
temperaturein Boone NC
through 20T. (The "Dust Bowl
Yearsare clearly evident in the
1930s and 1940s.)
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Figure 11: Average Annual Temperature for Boone, NC

Eventhough temperaturesn Boone do noshow warming since the 1980s, the amounsabw overall

has decrased as shown in the Figure.12

Regarding the winter forecast as it relates

to climate change data, our takeaway is to favor snow totals

using the 16year average instead of the B&ar average.



10-Year Average Snow Trend in Boone NC
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Winter Season

Figurel2: AverageSeasonabnowin Boone, NC

The North Atlantic Oscillation and Arctic Oscillation Wildcard s

Everyyear, the North Atlantic Oscillation (NA@)d the Arctic Oscillatioare the biggest wildtards for
longrange winter forecastin the Eastern U..She NAO index is basexh the pressure difference
betweenthe Icelandic low and Azores highThe Arctic Oscillation describes the stateatrhospheric
circulation over the Arctiqd Seeclimate.ncsu.edu/climate/patterns/nafor details.)These indicators
tend to move together anthave an enormous impact on winter weather in the Eastern BsS.
described aboveE| Nifio Modoki may signal persistant negative NAO and AO indices. Additisoaily
evidence exists that warming at the poles has actually increased the likelihooshégiaiive NAO and
negative AO during the winter, both correlating to cold and snow in the EasterrifldliShese factors
come together, an even colder/snowier winter than forecast here would occur. Having said all that,
longterm NAO and AO forecastiigja lowconfidence venture.

Summary
Every year, | caution readers Nt too much stockn this or any other longange forecast; pure luck
and the NAO will have their say before winter ends. Furthermore, always discard amaimey
forecastthatlackk & OASYGAFAO NI GA 2y t S dhere'sivihdt wethink: § KS
1 Snow totalsl5%above thelO-year averagewith greater than average icing potential
1 Temperaturesl-2 degrees colderthan aveage
1 Cold and snow relative to average will tnest extreme duringhe heart of winter (January and
February).

Yesthere will be skiingn the Western North Carolina. And yes, schools will have snow days.
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