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Executive Summary
The past two winters have been extremely unique in that they have been two of the warmest winters on record (since the
late 1800s) across the lower 48. The warmth was especially pervasive across the southern and eastern sections of the nation.
Looking ahead to this winter, our primary variables point to another warmer outcome. This is especially true again for the
southern and eastern U.S. However, the evolution of the Polar Vortex this fall combined with tropical forcing, SST patterns,
and snow cover point to enhanced temperature variability and thus more cold air intrusions into the U.S. relative to the
past two winters. The regions with an increased risk this winter of longer duration cold are the Pacific Northwest, northern
Rockies, Northern Plains and adjacent areas in Southwest Canada. All in all, this winter while being biased on the warm
side, does not look as extreme as the past two “mega-warm” winters.
In terms of winter precipitation, we are forecasting the northern U.S. to be the wettest area (basis normal) while the
southern U.S. will most likely be on the dry side. In other words, we anticipate an enhanced storm track/jet stream in the
northern U.S. and a suppressed storm track in the southern U.S. Winter storms are more likely to develop frequently from
the Pacific Northwest to the Great Lakes; this includes adjacent areas of Canada. Storm development and storm frequency
is less likely compared to normal across the southern U.S. and along the East Coast.
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Winter Outlook: 2017-18
In the first assessment of our winter outlook, Winter Outlook - What We Know, which was issued October 4, 2017, we
discussed the variables that were “known” and the implications these variables had on the temperature and precipitation
forecast. The conclusions of this early research were:
• Trend - The trend of warmer winters over the past few decades puts this variable solidly in the warm direction
• La Niña - During La Niña winters, the odds are equal of a cold/warm winter
• QBO - During winters with a negative QBO, the odds are equal of a cold/warm winter
• Integration of La Niña and a negative QBO - when combining winters with a La Niña and a negative QBO, there is a
slight colder bias
• Mainly driven by the La Niña event, the northern U.S. tends to be the wettest area (basis normal) while the southern
U.S. tends to be on the dry side - enhanced storm track in the northern U.S. and suppressed in the southern U.S.
Since these are “known” variables, nothing has changed with this analysis. This report will focus on the variables that
were unknown a month ago but are largely known now. These include the Polar Vortex (PV), snow, tropical forcing, global
sea surface temperatures (SSTs), etc. Because these variables or drivers of the pattern have been determined, the skill of
the winter forecast is significantly higher than it was a month ago.
This report will be more of a detailed or “micro” view of the upcoming winter. First, we will discuss the new variables,
integrate them with the variables that were discussed in the previous report, and then make conclusions about the upcoming
winter. The following is a discussion and assessment of the additional or new variables as we set the table for this new
winter season:

Polar Vortex
During the Autumn, the PV spins up over the northern latitudes and becomes the driver of cold air flowage from the Arctic
into the Mid-latitudes during the winter. A strong, circular shaped, and stable PV tends to keep the intense Arctic air
bottled up in the Arctic and typically leads to warm winters. A weak, elliptical shaped, and unstable PV forces Arctic air
out of the northerly latitudes and into the Mid-latitudes such as the U.S., Europe, or Asia. Thus, cold winters tend to be
associated with weaker, elliptical shaped, or unstable PVs, while warm winters are associated with strong, circular shaped,
and stable PVs.
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While we can’t determine the strength, shape, and stability of the PV for the entire winter, there are strong indications
that during the remainder of November, the PV will become increasingly stronger and stable. The longer the PV remains
stable/strong, the higher the likelihood for Arctic air to be trapped in the higher latitudes and a warmer bias over much
of the U.S., especially south, as well as Europe and East Asia.
Does a stable PV in Nov/Dec remain stable throughout the entire winter? Not necessarily. In fact, the -QBO (stronger
easterly winds in the equatorial stratosphere) this season increases the probability of a major weakening of the PV (also
known as a sudden stratospheric warming) at some point during the winter season. With the PV strengthening early in
November and likely early December, this shifts the window for any major weakening of the PV and significant cold air
flowage into the Mid-latitudes until mid or late winter.

Snow
Snow at the midpoint of the fall, both extent and speed of build up, is an important variable in determining where and how
much Arctic air is forming in the northerly latitudes as we approach winter. Extensive snowpack in the northerly latitudes
by November is a favorable base state for the buildup of Arctic air at the surface. This is especially true in Siberia which is
where the purest and most expansive Arctic air forms during the fall and winter.
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The graph to the right depicts snow cover extent (millions
of square kilometers) across the Northern Hemisphere as
of November 5 for all years since 2006. Included on the
graph is the average for the past 10 years. As of early
November, this season is basically normal or in the middle
of the distribution since the middle of last decade. Thus,
it is not unusually high nor is it unusually low and it has
been that way since September which is when the process
of Arctic air growth begins.
When breaking it down for both North America and Eurasia,
current snowpack is close to normal across Eurasia but
above normal across North America. The conclusion is
straightforward - snow cover in early November is a neutral
variable for temperature prospects on a Hemispheric
basis this winter.

Tropical Forcing
Thunderstorm activity in the tropics is an important variable in determining regional temperature trends much of the year
– especially in winter. There are specific areas that are drivers of the jet stream patterns upstream of where they occur.
For North America, the key areas that force the pattern are the tropical Pacific and Indian Ocean regions. Enhanced
thunderstorm activity in and around Southeast Asia and the western Pacific tends to “teleconnect” or be associated with
warmth across the eastern U.S. and cooler conditions across the western U.S. The opposite signal stems from enhanced
thunderstorm activity across the central and eastern Pacific regions, where this thunderstorm activity is associated with
cooler conditions in the eastern U.S. and warmer conditions across the western U.S.
Our research suggests that Southeast Asia and the western Pacific will be the general or mean zone of enhanced convection
(thunderstorm activity) this winter. This supports a winter that features warmth across the bulk of the eastern U.S. and
cooler conditions across the western U.S.
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SSTs
In the initial winter assessment report, we discussed the La Niña event and determined that La Niña winters have a wide
distribution of outcomes ranging from very warm to cold. Thus, La Niña events give equal odds of a warm or cold winter
nationally. Regionally, they loosely point to a colder bias across the northern U.S. and a warmer bias across the southern U.S.
Outside of the equatorial Pacific where the La Niña/El Niño cycle takes place, water temperatures in other areas of the globe
can be used to predict long-term atmospheric pattern evolution because of their relative stability on longer timescales.
In other words, it typically takes a long period of time (months to a year or more) for SST patterns to dramatically change.
Since the atmosphere responds to SSTs, an unusual SST configuration can affect the placement of ridges and troughs
(and associated temperature patterns) around the world.
Below is the current map of the SST anomalies around the globe. Our research, which matched recent SST and tropical
forcing patterns to historical outcomes, yielded a winter outcome this year which featured a warmer bias across the eastern
half of North America and a colder bias across the western half of North America. This study also pointed to a warm bias
in temperatures across Western Europe but a cold bias in portions of East Asia, especially China.
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Putting the Variables Together
U.S. Temperatures
The key to any seasonal forecast is not the individual variables but how the variables integrate together to produce the
dominant patterns over a season. Going into this winter, the combined variables produce an outcome which is on the
warmer side of normal for the nation as a whole. This is especially true for the southern and eastern U.S. Below is a
summary of the variables that we analyzed this fall:
• Trend - The trend of warmer winters over the past few decades puts this variable solidly in the warm direction
• La Niña - During La Niña winters, there are equal odds of a cold/warm winter
• QBO - During winters with a negative QBO, the odds are equal of a cold/warm winter
• Integration of La Niña and a negative QBO - when combining winters with a La Niña and a negative QBO, there is
a slight colder bias
• Polar Vortex - warm early/more variable late
• Snow - neutral
• Tropical Forcing - warm east/cooler west
• SSTs - warm
All of the above variables were integrated into the forecast with more weight being placed on the Polar Vortex, QBO, tropical
forcing, and SSTs. Basis this integration/weighting, the map below indicates the spatial distribution of the temperature
forecast for the December - February period.
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Hence, the region with an increased risk this winter of longer duration cold is the Pacific Northwest, Northern Rockies,
Northern Plains and adjacent areas in Southwest Canada. The eastern and southern U.S. have the highest probabilities
for warmer than normal temperatures.
As for timing, the first part of the winter (prior to January 1) is the most likely period for widespread warmth, especially in
the southern and eastern sections of the nation. If there is going to be a multi-week period of more widespread colder
than normal weather in the lower 48, the most likely time will be in January and/or February. This will be dependent upon
a PV breakdown and a strat warming event occurring, which we feel is likely, and more importantly the impact of this event
on the flowage of Arctic air into the Mid-latitudes; will the U.S., Europe or Asia receive the most significant impact from
this event?
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U.S. Precipitation
Areas of enhanced or suppressed risk of precipitation are largely based on the upper level jet stream patterns that set up
during the season. Because of the nature of precipitation, there is more uncertainty in the variables that drive the location
of “atmospheric rivers” that inevitably produce areas that are wet/stormy and areas that are dry/inactive. Here are the
conclusions of our research on precipitation:
Mainly driven by the La Niña event, the northern U.S. tends to be the wettest area (basis normal) while the southern U.S.
tends to be on the dry side; enhanced storm track/jet stream in the northern U.S. and suppressed in the southern U.S.
Winter storms are more likely from the far western Great Lakes to the Pacific Northwest; this includes adjacent areas of
Canada. Storms are less likely compared to normal in the southern U.S. and along the East Coast. We feel that the total
number of Nor’easters this season will be less than normal (less than climatology).
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Logistics/Supply Chain Impacts
In terms of potential impacts to logistics and supply chains this winter, we are forecasting the northern U.S. to be the
wettest area (basis normal), while the southern U.S. tends to be on the dry side. In other words, we anticipate an enhanced
storm track in the northern U.S. and less frequent storm systems across the southern U.S. The risk for longer delays and
disruptions to shipping and transportation look to be along routes and interstates from the Northern Rockies to the Great
Lakes. This includes key east-west interstates such as I-80, I-90, I-84 (PNW), and I-94, as well as northern portions of
north-south interstates such as I-25 and I-35. This is also similar to the risk areas of last winter.
Additionally, the expected variable temperature pattern enhances the risk of temperature extremes on both sides of
the spectrum. Shipping of temperature sensitive products will likely require various windows of equipment protection.
Protection from freeze will likely be more enhanced across the Northern Rockies and Northern Plains through the winter.
For the central and eastern U.S. this risk will increase mid-to-late winter, although the specifics will come down to the
timing of the PV becoming unstable.
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