
January 15, 2018 

Special blog on winter 2016/2017 retrospective can be found here - 

http://www.aer.com/winter2017 

Special blog on winter 2015/2016 retrospective can be found here - 

http://www.aer.com/winter2016 

Dr. Judah Cohen from Atmospheric and Environmental Research (AER) recently embarked on an 

experimental process of regular research, review, and analysis of the Arctic Oscillation (AO). This 

analysis is intended to provide researchers and practitioners real-time insights on one of 

North America’s and Europe’s leading drivers for extreme and persistent temperature patterns. 

With the start of fall I will be transitioning to a fall/winter schedule, which is once every week 

starting sometime in October.   Precipitation forecasts will be replaced by snow accumulation 

forecasts.  Also, there will be more emphasis on ice and snow boundary conditions (which are both 

now in their seasonal advance) and their influence on hemispheric weather. 

Subscribe to our email list or follow me on Twitter (@judah47) for notification of updates. 

Summary 

• The Arctic Oscillation (AO) is currently positive and is predicted to trend negative near 

neutral or slightly negative after this week through the end of the month.  But the AO has 

not been a good predictor of temperature anomalies or weather pattern reversals so far, this 

winter. Instead I have relied more heavily on the polar vortex (PV) and polar cap 

geopotential heights (PCHs).   

• The current positive AO is reflective of pressure/geopotential height anomalies across the 

North Atlantic with negative pressure/geopotential height anomalies across Greenland and 

Iceland and positive pressure/geopotential height anomalies across the mid-latitudes. The 

North Atlantic Oscillation (NAO) is currently also positive. 

• The North American circulation pattern, which has been dominated by ridging/positive 

geopotential height anomalies and warm temperatures in the west and troughing/negative 

geopotential height anomalies and cold temperatures in the east, will continue for one more 

week before transitioning to troughing in the west and ridging in the east. This will lead to 

changeable temperatures in both western and eastern North America over the next two 

weeks. 

• Eurasia has been dominated by ridging/positive geopotential height anomalies and mostly 

relatively mild temperatures.  However, over the next two weeks ridging is predicted to 

centered in Western Asia/Eastern Europe allowing for troughing on both edges of the 

continent and colder temperatures in Western Europe and especially Siberia and East Asia. 
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• Ural ridging/blocking with downstream troughing in East Asia and/or near the Aleutians 

is once again favorable for active energy transfer from the troposphere to the stratosphere 

and should rea-activate stratosphere-troposphere coupling.  The strongest pulse into the 

stratosphere of the season is predicted for this week. The pulse is predicted to weaken the 

current strong stratospheric polar vortex (PV), erasing cold stratospheric PCHs and 

returning a positive stratospheric AO to neutral. 

• There remains much uncertainty in the upcoming stratosphere-troposphere coupling, which 

I believe will be important for the sensible weather across the continents of the Northern 

Hemisphere (NH) mid-latitudes. I discuss my expectations and the related uncertainty in 

the Impacts section. 

Impacts 

In recent blogs, I have described the overall character of this winter stuck at a crossroads with one 

possible path as mild and the alternate possible path as cold.  This metaphorical fork in the road 

was represented by positive/warm tropospheric PCHs (cold path) and negative/cold stratospheric 

PCHs (mild path) that has been the state of the atmosphere since the end of December.  Based on 

this metaphor and in my opinion, winter has made a decisive turn down one these possible paths 

as the negative/cold PCHs are predicted to disappear or almost disappear from the stratosphere 

while the positive/warm PCHS are predicted to strengthen.  However, I would be still more 

confident of the winter outcome if the positive/warm PCHs extend from the surface through the 

stratosphere, which is still not predicted. 

In previous blogs, I have often discussed winter 2013/14 as possibly the best analog for this winter 

so far.  I do believe that the stratospheric PV disruption that occurred in late December and the 

subsequent response in the tropospheric circulation are similar to what occurred repeatedly in 

winter 2013/14.  However, I think the two winters are now diverging.   The single large-scale 

weather feature that signals to me a divergence from this winter and 2013/14 is the widespread 

area of below normal temperatures across northern Eurasia beginning this week but predicted to 

become dominant across the continent next week.  The last winter where persistent extensive 

below normal temperatures where observed across Northern Eurasia was winter 2012/13.  That is 

also the last winter that a mid-winter major warming was observed (where the mean zonal wind 

reverses at 60°N and at 10hPa), which occurred the second week in January.  I do consider that a 

major warming occurred in 2015/16 but that was in March and subsequently dovetailed into a final 

warming. 

There are signs that a disruption of the stratospheric PV will occur but the timing and magnitude 

remains uncertain.  But based on the anticipated widespread area of below normal temperatures 

across Northern Eurasia I do believe that the most significant stratospheric PV disruption of the 

winter is likely in the coming weeks.  Our polar vortex forecast model predicts that the PV 

disruption will peak the second week of February.  The model is speculative but a marker to 

watch.  This anticipated stratospheric disruption is likely to differ from the stratospheric PV 

disruption in late December where the resultant below normal temperatures were focused across 

North America while much of Eurasia remained relatively mild.  If I am correct that a subsequent 



stratospheric PV disruption will be more significant than the one in December, then I expect the 

focus of the resultant cold temperatures to be across northern Eurasia, especially 

Siberia.  Temperatures would likely average below normal across much of Siberia and likely 

elsewhere across northern Eurasia, possibly through the end of February. 

The impacts of a more significant stratospheric PV disruption would be less certain across North 

America.   Still I would consider such a PV disruption to increase the probability of cold 

temperatures following the disruption across eastern North America.  Following the mid-winter 

major warming in January 2013 temperatures initially turned cold across the Western US but the 

core of below normal temperatures migrated east as the winter progressed.  The Global Forecast 

System (GFS) is predicting the core of below normal temperatures to be focused in Western 

Canada during the second half of January.  However, my expectation would be for the core of the 

below normal temperatures to slowly migrate southeastward with time and as of now I favor a 

relatively cold February in southeastern Canada and the Eastern US. 

A wild card in North American weather all winter has been ridging/blocking in the North 

Pacific.  For the first half of the winter it was centered in the Gulf of Alaska and along the west 

coast of North America, contributing to warm temperatures in western North America but cold 

temperatures in eastern North America.  Latest weather model runs are predicting a westward 

retrogression of this blocking closer to the Aleutians.  This position favors cold temperatures in 

western North America but warm temperatures in eastern North America.  And cold temperatures 

may be focused in western North America for the remainder of the winter if the ridging remains 

near the Aleutians but I expect that an eventual PV disruption will at least partially offset or cancel 

warming forced by the central North Pacific ridging. 

Near Term Conditions 

1-5 day 

The AO is currently positive (Figure 1), reflective of negative pressure/geopotential height 

anomalies across Greenland and Iceland and positive pressure/geopotential height anomalies 

across the mid-latitudes. (Figure 2).  Given that geopotential height anomalies are negative near 

Iceland and Greenland and positive across the mid-latitudes of the North Atlantic (Figure 2), and 

therefore the NAO is also positive. 
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Figure 1. (a) The predicted daily-mean AO at 10 hPa from the 00Z 15 January 2018 GFS ensemble. (b) The 

predicted daily-mean near-surface AO from the 00Z 15 January 2018 GFS ensemble. Gray lines indicate the AO 

index from each individual ensemble member, with the ensemble-mean AO index given by the red line with squares. 

Ridging/positive geopotential height anomalies dominate Western Asia centered on the Ural 

Mountains supporting troughing/negative geopotential height anomalies both upstream over 

Western Europe and downstream over East Asia (Figure 2). This omega block pattern across the 

Eurasian continent is resulting in normal to below normal temperatures for Western and Northern 

Europe including the United Kingdom (UK), much of Siberia and East Asia but above normal 

temperatures for Central and Eastern Europe and Western Asia (Figure 3). 

 



Figure 2. Observed 500 mb geopotential heights (dam; contours) and geopotential height anomalies (m; shading) for 

00Z 15 January 2018. 

Western North America is dominated by ridging/positive geopotential height anomalies with 

troughing/negative geopotential height downstream across eastern North America (Figure 

2).  Low heights and northerly flow in the east and high heights and southerly flow in the west is 

predicted to result in below normal temperatures across southeastern Canada and the Eastern US 

with above normal temperatures for the Western US including Alaska and Western Canada 

(Figure 3).  

 

Figure 3. Forecasted surface temperature anomalies (°C; shading) from 16 – 20 January 2018. The forecast is from 

the 00Z 15 January 2018 GFS ensemble. 

Troughing and/or cold temperatures are predicted to yield new snowfall for much of 

Europe, Southern Siberia, Eastern Canada and the Northeastern US (Figure 4).  In 

contrast, southerly flow and warmer temperatures will result in snowmelt across parts of 

Western Asia and western North America (Figure 4). 



 

Figure 4.  Forecasted snowfall anomalies (mm/day; shading) from 16 – 20 January 2018. The forecasts are from the 

00Z 15 January 2018 GFS ensemble. Note the new projection to provide finer resolution. 

Mid-Term 

6-10 day 

The AO is predicted to remain neutral to slightly negative next week (Figure 1) as 

geopotential height anomalies turn mostly positive in the Arctic with mixed geopotential 

height anomalies across the NH mid-latitudes (Figure 5a). And with weak positive 

geopotential height anomalies stretching from Greenland to Iceland, the NAO will likely 

be near neutral to slightly negative as well next week. 

 



Figure 5. (a) Forecasted average 500 mb geopotential heights (dam; contours) and geopotential height anomalies 

(m; shading) across the Northern Hemisphere from 21 – 25 January 2018. (b) Same as (a) except averaged from 26 

– 30 January 2018. The forecasts are from the 15 January 2018 00z GFS ensemble.  

The ridging/positive geopotential height anomalies centered on the Ural Mountains are 

predicted to persist from last period anchoring troughing/negative geopotential height 

anomalies upstream across Europe and downstream across Siberia and East Asia this 

period (Figure 5a).  Persistent northerly flow will bring even colder temperatures across 

Western and Northern Europe including the UK while southwesterly flow will persist 

normal to above normal temperatures across Eastern Europe and Western Asia (Figure 

6). Troughing/negative geopotential height anomalies will result in widespread below 

normal temperatures across Siberia, Central and East Asia this period (Figure 5a). 

 

Figure 6. Forecasted surface temperature anomalies (°C; shading) from 21 – 25 January 2018. The forecasts are 

from the 00Z 15 January 2018 GFS ensemble. 

Predicted ridging/positive geopotential height anomalies across the Canadian Arctic 

archipelagos coupled with troughing/negative geopotential height anomalies south across 

Western Canada and the Western US will allow much colder air to pool across much of 

Canada but especially Western Canada (Figure 6).  Meanwhile ridging/positive 

geopotential height anomalies centered just off the US east coast (Figure 5a) will allow 

warmer air to spread over the Eastern US and Southeastern Canada (Figure 6).  



 

Figure 7. Forecasted snowfall anomalies (mm/day; shading) from 21 – 25 January 2018. The forecasts are from the 

00Z 15 January 2018 GFS ensemble.  

Troughing and/or cold temperatures are predicted to yield potentially new snowfall for 

much of northern Eurasia, Canada and the Northwestern US (Figure 7).  Mild 

temperatures are predicted to result in snowmelt in the Northeastern US (Figure 7).  

11-15 day 

With only weak positive geopotential height anomalies predicted in the Arctic (Figure 5b) 

the AO is predicted to remain near neutral to slightly negative (Figure 1). With weak 

positive pressure/geopotential height anomalies persisting across Greenland and Iceland 

and negative pressure/geopotential height anomalies stretched across the North Atlantic, 

the NAO will likely remain near neutral to negative as well (Figure 1).  

Ridging/positive geopotential height anomalies across are predicted to spread across 

most of northern Eurasia promoting troughing/negative geopotential height anomalies 

further south across Europe but especially East Asia (Figure 5b). Northerly flow is 

predicted to result in a normal to below normal temperatures to be widespread across the 

continent from Western Europe including the UK and across much of Asia but especially 

Siberia and East Asia (Figure 8). 



 

Figure 8. Forecasted surface temperature anomalies (°C; shading) from 26 – 30 January 2018. The forecasts are 

from the 00Z 15 January 2018 GFS ensemble. 

Ridging/positive geopotential height anomalies are predicted to persist across Northern 

Canada while troughing/negative geopotential height anomalies previously in the 

Western US will propagate eastward into the Central US (Figure 5b).  This will allow cold 

air previously in Western Canada to be transported southeastward into the Central US (Figure 8). 

Meanwhile troughing/negative geopotential height anomalies are predicted to persist across 

Alaska (Figure 5b) favoring normal to below normal temperatures for much of Alaska and 

northwestern Canada (Figure 8).  

 



Figure 9.  Forecasted snowfall anomalies (mm/day; shading) from 19 – 23 January 2018. The forecasts are from the 

00Z 15 January 2018 GFS ensemble.  

Troughing and/or cold temperatures are predicted to yield potentially new snowfall for 

Eastern Europe, Eastern Asia, Alaska, Canada and the Northeastern US (Figure 

9).  Return of mild temperatures are predicted to result in snowmelt in the Western US 

(Figure 9).  

Longer Term 

30–day 

The latest plot of the tropospheric polar cap geopotential heights (PCHs) shows weak warm/above 

normal PCHs in the troposphere and cold/below normal PCHs in the stratosphere (Figure 

10).  However, the forecast is for the atmospheric column to warm with warm/positive PCHs in 

the troposphere strengthening while cold/negative PCHs in the stratosphere weaken or 

disappear.   The warming of the atmospheric column over the Arctic coincides with cold 

temperatures becoming more widespread across the mid-latitude continents of the NH. 

 

Figure 10. Observed and predicted daily polar cap height (i.e, area-averaged geopotential heights poleward of 60°N) 

standardized anomalies. The forecasts are from the 00Z 15 January 2018 GFS ensemble. 

The plot of Wave Activity Flux (WAFz) or poleward heat transport shows a new pulse for this 

week (Figure 11).  This pulse is responsible for erasing the cold stratospheric PCHs (Figure 10), 

turning the positive stratospheric AO back to neutral (Figure 1) and slightly displacing the 
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stratospheric PV center from currently near the North Pole to near Greenland (Figure 12).  It also 

re-establishes ridging positive geopotential height anomalies near Alaska/East Siberia in the 

stratosphere.  Northerly flow between the stratospheric PV over Greenland and the ridging near 

Alaska favors cold temperatures in Canada.  The orientation of the trough axis across Canada first 

favors cold temperatures in Western Canada but I believe will eventually favor cold temperatures 

in Eastern Canada (Figure 12b).  Though admittedly my expectation is so far not supported by 

weather model forecasts. 

 

Figure 11. Observed and predicted daily vertical component of the wave activity flux (WAFz) standardized 

anomalies, averaged poleward of 40-80°N. The forecasts are from the 00Z 15 January 2018 GFS ensemble. 

In the troposphere, periods of more active WAFz/poleward heat transport often coincide with a 

return to milder conditions across the NH mid-latitudes with the possible exception of East 

Asia.  Therefore, I do think that the model forecast of milder weather for the Eastern US next week 

is related to the predicted WAFz pulse seen in the troposphere for next week.  The WAFz pulse 

predicted for next week in the troposphere is likely to extend into the stratosphere leading to further 

disruption of the stratospheric PV into February (Figure 11). 



 

Figure 12. (a) Forecasted 10 mb geopotential heights (dam; contours) and temperature anomalies (°C; shading) 

across the Northern Hemisphere for 16 – 20 January 2018. (b) Same as (a) except averaged from 26 – 30 January 

2018. The forecasts are from the 15 January 2018 00z GFS ensemble.  

The repetitive pulses have so far not been of sufficient magnitude to cause a major disruption of 

the stratospheric PV. I am more confident of a more significant stratospheric PV disruption in 

February based on the strong Ural blocking and widespread cold temperatures across Eurasia and 

the easterly phase of the quasi biennial oscillation (QBO).  A significant stratospheric PV in 

February would favor widespread cold temperatures across the NH mid continents but especially 

Eurasia in February and possibly into March. 

 



Figure 13. Forecasted average 500 mb geopotential heights (dam; contours) and geopotential height anomalies (m; 

shading) across the Northern Hemisphere for February 2018. The forecasts are from the 15 January 2018 CFS.  

I include in this week’s blog the monthly 500 hPa geopotential heights (Figure 13) and the surface 

temperature anomalies (Figure 14) forecast for February from the Climate Forecast System (CFS; 

the plots represent the mean of most recent four ensemble members).  The forecast for the 

troposphere is troughing in eastern North America, Europe and East Asia (Figure 13) with cold 

temperatures (Figure 14) and ridging in western North America and Western Asia (Figure 13) 

with mild temperatures (Figure 14). This pattern is a continuation of the pattern so far for much 

of the winter.  Also, the pattern is consistent with an expectation of a weak stratospheric PV as I 

discussed in the Impacts section and with the CFS forecast (not shown).  In recent cold winters, 

the most consistently cold month in the Eastern US has been February.  I do think that there is a 

good probability that this pattern will repeat for this February as well, especially if the atmospheric 

circulation associated with the predicted stratospheric PV disruption couples with the troposphere. 

 

Figure 14. Forecasted average surface temperature anomalies (°C; shading) across the Northern Hemisphere for 

February 2018. The forecasts are from the 15 January 2018 CFS. 

Surface Boundary Conditions 

Arctic Sea Ice 

Ice did grow a little this past week on the North Pacific side of the Arctic basin, still I large negative 

ice anomalies persist in the Bering Sea (Figure 15).  Sea ice is below normal in the Barents-Kara 

Seas as well and with time the greatest negative sea ice anomalies will likely reside in this region 

(Figure 15).  As I have been writing for much of the fall I do believe that the record low sea ice 

anomalies in the Chukchi and Bering Seas has focused ridging/blocking in this region.   The 

ongoing low sea ice extent could be supporting model forecasts of ongoing blocking in the region. 



 

Figure 15. Observed Arctic sea ice extent on 14 January 2018 (white). Orange line shows climatological extent of 

sea ice based on the years 1981-2010. Image courtesy of National Snow and Ice Data Center (NSIDC). Snow and 

Ice Data Center (NSIDC). 

Recent research has shown that regional anomalies are important and the sea ice region most highly 

correlated with the winter AO is the Barents-Kara Seas region where low Arctic sea ice favors a 

negative winter AO and a cold Eurasia.  Continued below normal sea ice in this region may be 

contributing to more active WAFz/poleward heat transport predicted in the models that eventually 

could result in a stratospheric PV disruption. 

SSTs/El Niño/Southern Oscillation 

Equatorial Pacific sea surface temperatures (SSTs) remain below normal in much of the tropical 

and subtropical Pacific (Figure 16). El Niño/Southern Oscillation (ENSO) forecasts for this winter 

are that a La Niña is likely this winter. Observed SSTs across the NH remain well above normal 



though below normal SSTs exist regionally. Warm SSTs in both the North Pacific and North 

Atlantic could favor ridging in the ocean basins. 

 

Figure 16. The latest weekly-mean global SST anomalies (ending 10 January 2018). Data from NOAA OI High-

Resolution dataset. 

Currently the Madden Julian Oscillation (MJO) is in phase three and the forecast is for the MJO 

to enter phase four, five and then  phase six (Figure 17).  Phases three through six favor ridging 

in the central North Pacific, troughing over the Western US and ridging over the Eastern US.  The 

predicted pattern of the MJO could be contributing to a milder  pattern across eastern North 

America next week. 



 

Figure 17. I could not find an updated MJO forecast plot. Past and forecast values of the MJO index. Forecast values 

from the 00Z 15 January 2018 ECMWF model. Yellow lines indicate individual ensemble-member forecasts, with the 

green line showing the ensemble-mean. A measure of the model “spread” is denoted by the gray shading. Sector 

numbers indicate the phase of the MJO, with geographical labels indicating where anomalous convection occurs 

during that phase. Image source:  http://www.atmos.albany.edu/facstaff/roundy/waves/phasediags.html 

Northern Hemisphere Snow Cover 

North American snow cover (not shown) has remained steady and remains near decadal 

means.  Snow cover extent could expand further across North America. 

Eurasian snow cover advanced this week but remains near a decadal low.  However with predicted 

cold temperatures, snow cover extent across Eurasia could expand further especially in Europe. 

October Eurasian snow cover extent was above normal relative to long-term averages. Above 

normal Eurasia snow cover favors a strengthened Siberian high and a weakened polar 

vortex/negative AO this upcoming winter with cold temperatures across the continents of the 

NH.  The most likely timing of a weakened stratospheric AO followed by a negative AO is 

January.  Though despite the above normal snow cover extent, the rate of the snow cover advance 
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for October was slower than the average rate of advance relative to the past two decades.  I do 

think that the slower rate of advance of snow cover favors a relatively strong stratospheric PV in 

the near term. 

 


