
 

 
by Chris Martz and Chase Koller 

 
As clocks are turned back and temperatures are plunging, the change from fall to winter 
is upon us. After last year was our fourth consecutive winter with above average 
temperatures and precipitation in the Mid-Atlantic, our team will break down what to 
expect this winter below! 
 
Before we adventure into our expectations for this year, we would like to lead off our 
forecast by recapping last winter.  
 
(Authors’ Note: If you’d like to skip ahead to the winter outlook, please just scroll 
to the end, we have included an in-depth analysis below to show our 
methodology and reason behind our forecast.) 
 

 
 

Winter 2018 - 2019 Review 
 
Last winter was not a fun one for winter weather lovers in the Eastern United States. 
Much of the early and mid-winter season featured a very zonal jet stream flow and an 
active Pacific Jet flooding the U.S. with very mild air. In addition, the Southeast ridge 
also contributed to general warmth; it never really broke down, despite a major Arctic 
outbreak in late January and early February.  
 



 

 
(500 mb height anomaly via NOAA) 

 
As far as precipitation went last winter, the heaviest amounts fell across the Southeast. 
States with the most overall precipitation relative to the 1981-2010 average included 
Northern AL, Northern MS, AR, TN, KY, the Western NC and SC, and VA. Most of the 
country, however, did have above average precipitation whether that was rainfall or 
snowfall. 
 

 
(Precipitation departures from average in inches; Dec-Feb 2018-19 via NOAA) 



 

 
 

 
What General Types of Winters Are There in the Mid-Atlantic? 

 
Climatologically speaking, there are typically three types of winters that occur in the 
Mid-Atlantic region. While I have noticed these general patterns myself from studying 
long-term temperature trends for the Washington, D.C. forecasting area (LWX), we 
have to give full credit to meteorologist David Tolleris from WXRisk.com for coming up 
with the following organization. 
 
1. Severe and Prolonged Winters 

● These winters may or may not start in November, and typically last through most 
of March or into April. 

● These winters may start in early to mid-December lasting through March with few 
mild intervals. 

● These winters, while they may have more cold, may actually have little snow. 
● Other examples of severe winters don’t necessarily mean more cold, but rather 

more snow with near-normal temperatures. 
 
2. Average or Typical Winters 

● Most winters in our region don’t typically have many long periods of extended 
cold or warmth, but rather a period of 2 to 4 weeks with the coldest temperatures, 
most snow or precipitation, and/or a “January Thaw.” 

● These winters tend to begin around mid-December or around Christmas and last 
through February, very climatologically-based. 

● Many storm tracks will either slam us or just miss us. 
 
3. Mild and Warm Winters 

● Most mild winters do not have an early start, though they may start out cold, then 
turn mild. 

● Significant cold air outbreaks generally do not occur at all during these years, 
though there may be one or two. 

● While general warmth is common, there may be a period or two lasting 1-2 
weeks of much above normal temperatures 

● (These are the winters people like us hate… just sayin’) 
 

 
 

http://wxrisk.com/
https://onedrive.live.com/?authkey=%21AGdn6TFtXPjXmRU&cid=1CA2F9A16D1A6375&id=1CA2F9A16D1A6375%2110389&parId=1CA2F9A16D1A6375%21221&o=OneUp


 

Key Points  
 

● The El Niño Southern Oscillation (ENSO) will likely remain neutral or slightly 
warm (weak El Niño) throughout the course of the winter suggesting a colder 
winter for the Central and Eastern United States as well as Western Europe. 
 

● The soil moisture is very high across the Great Plains, Midwest, and 
Northeastern United States signalling trough development over the Central and 
Eastern U.S. and ridging in the far Southeast and Southwest. 
 

● The Quasi-Biennial Oscillation (QBO) is steadily dropping towards 0.00 signalling 
potential trough development over the East Coast of the U.S. and ridging over 
much of Europe. 
 

● The Siberian snow cover and snowpack during the month of October was very 
high again this year leading to a large supply of cold air and potentially a 
disruption in the polar vortex this winter. 
 

● We are entering a solar minimum which tends to enhance blocking patterns over 
the Northern Hemisphere. 
 

● A pool of warm water known as “The Blob” is persisting over the North Pacific 
and Gulf of Alaska which may continuously cause a dip in the polar jet stream. 
 

● October and November upper air analogs suggest a Southeastern U.S. ridge, a 
trough over Western Canada and the Western United States with major cold over 
Western and Central Europe. 
 

● Long-range and seasonal forecasting is part science, art, and speculation. 
Nothing is guaranteed to happen, it’s just what we think may or may not occur 
given signals in the oceans and atmosphere. The goal is to be right, but 
unfortunately, life does not always work that way. 
 

 
 
 
 
 



 

The Breakdown 
 

1. El Niño Southern Oscillation - (ENSO) 

 
One of our largest drivers of interseasonal weather variability is the El Niño Southern 
Oscillation, or “ENSO” for short. Weather forecasters use ENSO to help construct 
long-term weather forecasts. While many generally refer to ENSO as the sea surface 
temperature anomalies in the Equatorial Pacific, ENSO is actually a much larger 
irregularly alternating the atmospheric and oceanic circulation system. 
 
You may have heard the terms “El Niño” and “La Niña” before: El Niño simply refers to 
periods when the sea surface temperatures in the Equatorial Pacific are above average 
and a La Niña occurs when they are below average.  
 
Sea surface temperature changes in the Equatorial Pacific (ENSO region) are primarily 
governed by the wind direction over ocean waters. Normally, trade winds will blow from 
east to west across the Tropical Pacific pushing warm ocean water towards the coast of 
Asia which in turn forces cool water to upwell towards the surface in the east. 
 

 
(Normal tropical weather pattern across the equator via NWS JetStream) 

 
When the wind speed decreases or the wind direction changes, as in the winds blow 
from west to east, the warmer water that would normally be pushed westward towards 



 

Asia instead accumulates in the Tropical Pacific causing anomalous warmth. This is 
considered the El Niño phase. 
 

 
(Tropical weather pattern across the equator during El Niño via NWS JetStream) 

 
During La Niña conditions, the trade winds blow in the normal direction (east to west), 
but they blow stronger causing increased upwelling off the South American coast. 
 

 
(Tropical weather pattern across the equator during La Niña via NWS JetStream) 

 



 

The Southern Oscillation aspect of ENSO refers to changes in sea-level air pressure 
patterns between the island of Tahiti and Darwin, Australia. When the air pressure 
between the two is higher in Darwin, that drives wind directions over the Pacific in favor 
of El Niño conditions. Conversely, when the air pressure in Darwin is lower than in 
Tahiti, then wind directions blow in favor of La Niña conditions.  
 
During El Niño years, the jet stream typically runs south of where it normally is over the 
North Pacific. As the jet stream is located farther south, storms tend to track into 
California and the Southern tier of the United States bringing lots of rain and snow to 
respective areas. 
 

 
(El Niño’s effects during December through February via NWS JetStream) 

 
La Niña on the other hand means drier conditions for the Southwestern and 
Southeastern United States, but a much wetter in the Pacific Northwest. 
 

 
(La Niña’s effects during December through February via NWS JetStream) 

 



 

With all of this in mind, let’s take a look at the current state of ENSO. As of November 
14, 2019, we are currently observing warm, but neutral ENSO conditions. Sea surface 
temperatures in the Niño 3.4 region have not climbed much above +0.4°C from 
average, thus considering they are not +0.5°C, we are not in an El Niño state. 
 

 
(CDAS Niño 3.4 Temperature Index via Tropical Tidbits) 

 
We do however see a nice warming trend in the data suggesting a return of weak El 
Niño conditions sometime in the near future if and only if the trend continues. Almost all 
model projections from October 2019 through the next few months show a return of 
either warm, neutral or weak El Niño sometime within the next few weeks. 
 

 
(IRI/CPC Model Predictions of ENSO from Oct 2019 via IRI) 

 



 

Given that there are two likely possibilities for the state of ENSO over the next few 
months, I think it’s safe to say that there is either going to be warm neutral conditions or 
a weak El Niño this winter. 
 
Typical weak El Niño winters (December - February) favor a highly amplified jet stream 
pattern over the Northern Hemisphere. Given past weak El Niño winters, blocking over 
the Arctic is highly favorable in addition to a very nice looking Greenland blocking ridge, 
which ends up shoving cold air south into the United States and Europe, denoted by the 
“blue” low 500 millibar height anomalies (a.k.a. troughs or upper level lows). 
 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height (m) Composite Anomaly via NOAA) 

 
2. U.S. Soil Moisture 
 
Another factor forecasters look at when making long range forecasts is the soil 
moisture. Currently, soil moisture has been pretty high relative to average across the 
Upper Midwest, the Great Plains, and the Northeast. 
 



 

 
(Calculated Soil Moisture Anomaly in mm via NOAA) 

 
This soil moisture is largely the result of below average temperatures and an upper level 
trough currently situated over the Central and Eastern United States. Troughs promote 
general storminess. 
 

 
(Averaged Temperature Anomaly: Nov 1-14, 2019 via NOAA) 

 
The NOAA Climate Prediction Center (CPC) has a page displaying the soil moisture 
forecast for the months ahead. Where the soil moisture is higher relative to average 
tends to indicate where troughs will tend to set up for a prolonged period of time. 
 
December 2019: The CPC shows much of the Midwest and Mississippi Valley having 
lots of soil moisture next month promoting a trough, while the Southeast and Southwest 



 

see drier conditions which promotes more high pressure ridging in those areas. If a 
ridge were to set up over the Southeast with the trough generally over the Midwest, the 
wind direction around the high and upper low would funnel warm, mild air into the 
Southeast and Mid-Atlantic. The trough over the Plains and Midwest could based on 
this could potentially mean that a significantly cold air mass would be stationed over that 
region. The typical storm track with this setup is a lot of cold rain and/or 
rain-changeover-to snow events for the Mid-Atlantic and Appalaicans, but a good 
snowfall for the Ohio Valley. 
 

 
(Lagged Averaged Soil Moisture Outlook for End of Dec 2019 via NOAA) 

 
January 2020: The general soil moisture setup for January 2020 promotes a similar 
upper air pattern over the Lower 48 to December. 
 



 

 
(Lagged Averaged Soil Moisture Outlook for End of Jan 2020 via NOAA) 

 
February 2020: The soil moisture outlook for February, once again, is largely in sync 
with December and January, promoting a Southeast ridge, and the major trough 
centered over the Midwest. This is not the best pattern for cold weather and snow lovers 
on the East Coast, but it honestly could be worse given other scenarios. 
 

 
(Lagged Averaged Soil Moisture Outlook for End of Feb 2020 via NOAA) 



 

 
3. The Quasi-Biennial Oscillation (QBO) 
 
The Quasi-Biennial Oscillation (QBO) is a high-level wind pattern in the tropical lower 
stratosphere in which wind direction will oscillate from easterlies to westerlies 
depending upon its phase as the winds propagate down to the tropical tropopause at a 
rate of around 1 kilometer per month on time scales lasting about 29 months. When the 
winds of the QBO are moving from the west towards the east (easterlies), that denotes 
that it’s in its negative phase, and when the winds are moving from east to west 
(westerlies), that means the QBO is in its positive phase. 
 
When the QBO is both strongly in its positive and negative phases, there tends to be a 
lack of high-latitude blocking. However, if the values are not far from average, then 
blocking patterns over the Northern Hemisphere are strongly favorable. 
 
So, let’s take a look at what has been occurring with the QBO values from summer 
through autumn and compare those values to other years to get some analogs.  
 
As shown below, the QBO values have been dropping considerably and steadily since 
May. In May the QBO was +14.59 and last month, it has since dropped to +7.27 
meaning that the QBO is headed into its negative phase. 
 

 
(QBO values for 2019 via NOAA ESRL) 

 
Other years that had similar QBO patterns include 1978, 1993, 1995, 1997, 1999, 2002, 
and 2004. 
 

 
 
 
 
 
 
 

(QBO values for 1978, 1993, 1995, 1997, 1999, 2002, and 2004 via NOAA ESRL) 
 



 

With all of these years in mind, the QBO values typically continued falling throughout 
the winter and did not drop below -10.00. Of the winters analyzed, it’s important to 
notice that there is a lack of high-latitude blocking over Alaska and Greenland, but there 
is some ridging over Northern Canada, which promotes a trough over the Western U.S. 
and North Pacific. There is also a slight indication of a weak trough over the East Coast 
of the U.S. Meanwhile, ridging over Western Europe is highly favored with these 
analogs. This is ironically quite a different story from our ENSO analogs discussed 
above. 
 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height (m) Composite Anomaly via NOAA) 

 
4. Siberian Snow Cover During October 
 
The amount of snow that builds up on the Eurasian continent, and in particular, Siberia, 
has been found by numerous studies including, but not limited to, Cohen et al., 2014, to 
have a correlating impact on temperatures and weather patterns throughout the United 
States during the winter season. These studies have found that when Siberian snow 
cover is high (particularly during the month of October), the Arctic Oscillation (AO) － 
one of our four main teleconnections in North America － goes negative as a result of a 
polar vortex split.  
 



 

As the sun angle becomes lower in the sky, the amount of radiational cooling begins to 
increase across Siberia leading to strong surface cooling which forms high pressure at 
the surface (i.e. the Siberian High) and decreases the air pressure aloft leading to a 
trough in the jet stream flow. If the snow cover is high, then the surface high strengthens 
as a result of enhanced radiational cooling.  
 
This strong surface high can then send an upward energy flow into the stratosphere 
disrupting the stratospheric polar vortex circulation which then propagates down to the 
surface causing a deep ridge of high pressure to form over the Arctic (-AO) splitting the 
tropospheric polar vortex leading to extremely cold air and potentially hazardous winter 
weather over the U.S. and Europe (Waugh et al., 2016). 
 
The most recent data from NOAA shows that Siberia in addition to much of the Arctic 
region and Canada have a very thick snow pack and widespread surface cover. This is 
great news for winter weather lovers not only because it potentially means there could 
be a polar vortex split midwinter, this also increases our cold air supply! 
 

 
(Latest Northern Hemisphere snow cover map via NOAA) 

 

5. Low Solar Activity 
 
There is a lot of ongoing research on solar activity and how it affects Earth’s weather 
and climate. It’s been a topic of debate, but it does have sound observations to back it 
up. 
 
The sun goes through an 11-year solar cycle in which the sun’s magnetic field 
completely flips. Over this same time period, the sun will oscillate from being more 



 

active to less active. Periods where the sun is more active are called “solar maximums” 
and when the sun is less active, it’s referred to as a “solar minimum.” 
 

 
(International sunspot number: monthly mean and 13-month smoothed average via SILSO) 

 
Research has suggested that when the sun is not as active, more coronal holes appear 
on the sun, which thereby increases the amount of solar particles being forced into the 
Earth’s atmosphere. As this occurs, the mesosphere cools, the stratosphere warms, 
and the tropospheric pressure patterns become very enhanced at the 500 millibar 
(~18,000 foot) level of the atmosphere leading to strong blocking patterns such as a 
Greenland (-NAO) and Alaska/West Coast ridge (-EPO/+PNA) particularly during the 
months January, February, and March; not so much December. 
 
Winters that coincided with solar minimums include 1964-65, 1965-66, and 1966-67; 
1976-77, 1977-78, and 1978-79; 1984-85, 1985-86, and 1986-87; 1996-97, 1997-98, 
and 1998-99; 2008-09, 2009-10, and 2010-11; and most recently 2018-19. This winter, 
2019-20, and next winter, 2020-21 will also be part of the current solar minimum. 
 
Interestingly enough, the research conducted in these studies is supported very well 
with data. We compiled all of the winters that occurred during solar minima and 
forwarded them into the NCEP / NCAR Reanalysis to get our analog dataset, which 
shows every single snow and cold weather lover’s dream. This is a textbook blocking 
pattern over the Northern Hemisphere with the Greenland, Arctic, and Alaska ridges 



 

nicely in place with corresponding troughs over Siberia, the Central and Eastern United 
States, and Western Europe. 
 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height (m) Composite Anomaly via NOAA) 

 
6. North Pacific SST Anomalies 
 
An interesting phenomena has been observed in the North Pacific for much of this year. 
A large portion of the North Pacific and Gulf of Alaska has been anomalously warm 
compared to surrounding waters. Scientists are calling this “The Blob.” 
 

 
(Month-to-date sea surface temperatures via WeatherBELL) 

 



 

At first glance, this Warm Blob may look like a positive Pacific Decadal Oscillation 
(PDO), however, it’s not. Warm PDOs tend to produce warm sea surface temperatures 
from the Mid-North Pacific east towards the Alaskan and Californian coastlines while a 
large part of the central and western North Pacific are cooler than average. 
 

 
 

However, “The Blob” is associated with widespread warmth over the North Pacific and 
there are very little areas of cooler than average sea surface temperatures. The Blob 
has become a persistent feature over the last few years and scientists have suggested 
that changes in air temperatures, wind speed and direction, and ENSO play a role. Here 
are the analogs; these winters were similar to our ENSO and solar activity analogs. 
 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height (m) Composite Anomaly via NOAA) 



 

 

7. October & November 500 Millibar Height Anomaly Analogs 
 
One thing that we like to do here at NOVA Weather Team is to look at our 500 millibar 
upper air patterns during the month of October and forward them into November and 
the following winter months to help give us an idea of what we might or might not 
expect. 
 
When comparing October 2019’s 500 millibar height anomalies (below, right) to past 
Octobers (below, left), we find that there are many similar Octobers in the past: 1949, 
1981, 1985, 1991, 2002, 2004, 2009, 2012, and 2013.  
 
The red areas that are circled on the Northern Hemisphere map for October 2019 (right) 
correspond to the red areas circled on the analog map to the left. It’s amazing how 
close our analogs match what occurred last month. 
 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height (m) Composite Anomaly via NOAA) 

 
Given this subset of years, if we forward them into November, we get something very 
interesting. What has been occuring at the 500 millibar level of the atmosphere so far 
this month has corresponded pretty well with our analog years of 1949, 1981, 1985, 
1991, 2002, 2004, 2009, 2012, and 2013. 
 



 

There are a few key important features on both the November 2019 month-to-date 500 
millibar reanalysis maps (top and bottom left) and the analog years for the whole month 
(right). 
 

● An elongated ridge which extends from the Southwestern United States up into 
Alaska and into the Arctic. 

● All have a ridge over Eastern Europe and Western Asia. 
● A trough over the Central and North Pacific just west of “The Blob.” 
● A trough over the Central and Eastern United States. 
● A trough situated over Western Europe. 
● A ridge over the North Atlantic Ocean. 

 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height (m) Composite Anomalies via NOAA) 

 
By extending these analog years into the winter months (December through February), 
we get a pattern that was fairly similar to October. 
 
Important features on the map below include the ridge over the North Pacific (caused by 
“The Blob”), the return of the Southeastern U.S. ridge (which all snow lovers including 
us would hate), the North Atlantic ridge (shifted closer to Europe), the ridge over 
Eastern Europe and Western Asia, with corresponding troughs over much of Western 
and Central Europe, Western Canada, and the Western United States. 



 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height (m) Composite Anomaly via NOAA) 

 
 

 
The Forecast & The Verdict! 

 
Okay, here it is! This is the moment you all have been waiting for, unless you just 
scrolled down to the bottom here instead of reading how we got to this conclusion. Ha 
ha! 
 
To make the final forecast, we have decided to choose analogs that stood out more 
than others. In other words, while there are many analogs that were used in our 
analysis above, we chose analogs that continuously showed up: 1976-77, 1977-78, 
1978-79, 1985-86, 1997-98, 2002-03, 2004-05, 2009-10, 2013-14, and 2018-19. 
 
Using this subset of years, by plugging them into NOAA’s composite monthly mean 
plots for December through February, we get quite an interesting pattern. 
 
We expect a highly amplified pattern over the Northern Hemisphere this winter mainly 
due to low solar activity and anomalously warm sea surface temperatures in the North 
Pacific. In addition to that, we also used our other factors like ENSO and soil moisture to 
come up with this outlook. 



 

 
North America: We are anticipating that a large, deep trough due to a -AO and -NAO 
will persist over the Central and Easten United States throughout most of the upcoming 
winter with the core of the associated cold air to be centered across the Upper Midwest, 
Great Lakes, the Candian Prairies, and Southern Ontario. This is because there is a 
strong blocking signal over Greenland and the Arctic, which displaces the cold air south. 
While the cold air will extend well into the Northeast and Mid-Atlantic at times, we don’t 
expect the cold to be as severe overall. 
 
The Southeastern U.S. looks to be near average temperature-wise though they may be 
slightly above or slightly below depending upon if we develop a Southeast ridge. I am 
Meanwhile, due to the ridge of high pressure we’re expecting over the North Pacific, it’s 
likely that Alaska and the West Coast of the U.S. will be mild and drier than average. 
 
Europe: Given the strong blocking signals from our analog years, it’s likely that Europe 
will have plenty of cold air this winter, especially Central and Western Europe. This 
pattern is also associated with storminess, so we think that ski resorts in the Alps, 
Pyrenees, and Carpathian Mountains will see plenty of snowfall this winter. Given 
winters like 2002-03 and 2009-10 are analogs, we also think that the United Kingdom 
could be in store for a few snowstorms this upcoming winter season. 
 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height and surface temperature anomalies via NOAA) 

 



 

Month-by Month Temperatures for the United States 
 
December 2019: Based on our analogs, the Central and Eastern United States may 
have their first significantly colder than average December since 2010. Temperatures 
across New England, the Great Lakes, and Midwest with these analogs run about 2-3°F 
below average while the Deep South, Southeast, and Mid-Atlantic run 1-2°F below 
average. This is largely the result of an upper level trough.  
 
As far as precipitation goes, the Southeastern United States will likely see the most 
relative to average, mainly in the form of rain, though a snow event or two is not out of 
the question given what occurred in Decembers like 2002 and 2009. Most of the country 
should expect near-average precipitation next month, though the West Coast will likely 
be drier than average. 
 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height and surface temperature anomalies via NOAA) 

 
January 2020: January also has great potential to be colder than average across the 
Central and Eastern United States, especially across the Heartland and Midwest where 
the mean of our analogs suggest temperatures could be 3-6°F colder than average. The 
East Coast though, is a bit warmer than the Midwest, but it’s still slightly colder than 
normal based on this subset. Assuming this scenario is correct, the data suggests that 
the Desert Southwest may be a bit warmer than average. 
 



 

Analogs suggest that January may feature the most active coastal storm tracks along 
the East Coast. If the cold air is indeed in place over the Central and Eastern U.S., this 
means that January will likely have the most potential for significant East Coast 
snowstorms because if the track is offshore, wind direction and air density properties 
will force warm, moist air to rise over the dome of cold air and as the air rises, it cools 
forming clouds. Once you get clouds, precipitation will fall to the surface through the 
cold air as frozen precipitation; the exact type depends upon how thick the cold air layer 
is. Given these dynamics, upper air support and cold air at the surface, the East Coast 
could be in store for near to slightly above average snowfall with most of the West 
Coast receiving normal to below normal precipitation.  
 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height and surface temperature anomalies via NOAA) 

 
February 2020: February may shape up to be very similar to January with temperatures 
in the Northern Plains 4-6°F colder than average while the Southeastern U.S. is just a 
tad on the cool side.  
 
Analogs once again suggest that the Eastern Seaboard could be in store for some 
coastal lows and nor’easters, but the threat looks smaller here than it does for January.  
 
Keep in mind though, that some of our largest East Coast and Midwest snowstorms on 
record have occurred in February; i.e. the Blizzard of 1978, the President’s Day 



 

Snowstorm of 1979, the President’s Day Snowstorm of 2003, and the two back-to-back 
blizzards in 2010. 
 

 
(NCEP/NCAR Reanalysis 500 mb Geopotential Height and surface temperature anomalies via NOAA) 

 
Now, just for fun, we created a snowfall map for the upcoming winter for the Mid-Atlantic 
because we are most familiar with the climatology there. We did some number 
crunching and have come up with snowfall ranges! 
 

 


