
November 27, 2017 

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 neutral but is predicted to immediately fall 

into negative territory and is predicted to remain negative over the next two 

weeks.   

• The current neutral AO is reflective of mixed pressure/geopotential height 

anomalies across the Arctic and mixed pressure/geopotential height anomalies 

across the mid-latitudes. The North Atlantic Oscillation (NAO) is currently slightly 

negative with positive pressure/geopotential height anomalies across Greenland. 

• Three regions of strong ridging/positive geopotential height anomalies are 

predicted – near Greenland, near the Urals and eventually along the West Coast 

of North America.  These three ridges are predicted to extend northward covering 

the entire Arctic region in positive geopotential height anomalies and maintain a 

negative AO. 

• Cold temperatures are predicted downstream of all three ridge axes. 

• Strengthening ridging/positive geopotential height anomalies across Greenland 

(often referred to as Greenland blocking) will force troughing/negative geopotential 

heights across Europe accompanied by cold temperatures for the next two weeks 

and possibly beyond. 

• Similarly, strengthening ridging/positive geopotential height anomalies centered on 

the Urals (often referred to as Ural blocking) will force troughing/negative 
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geopotential heights across East Asia accompanied by cold temperatures for the 

next two weeks and possibly beyond. 

• Currently troughing/negative geopotential height anomalies occupy the Gulf of 

Alaska forcing ridging/positive geopotential height anomalies downstream across 

much of North America accompanied by mild temperatures over the next 

week.  However for week two, the troughing will be replaced by ridging in the Gulf 

of Alaska contributing to troughing in eastern North America and cooling 

temperatures. 

• Recent increase in energy transfer from the troposphere to the stratosphere is 

predicted to dislodge the stratospheric polar vortex (PV) center towards 

Eurasia.  The displacement of the PV center towards Eurasia opens up the 

stratospheric PV to subsequent disruptions and could eventually result in a more 

significant disruption of the stratospheric PV in the coming weeks or later. 

• October Eurasian snow cover extent was above normal, Arctic sea ice extent is 

well below normal and will continue to be below normal for the entire winter.  Also, 

strong blocking was observed this fall across the high latitudes.  All three factors 

favor colder temperatures across at least parts of the Northern Hemisphere (NH) 

mid-latitude continents during the winter months.  And the AER winter temperature 

forecast is presented below. 

Impacts 

It is hard to imagine a better time to be writing and reading the AO/polar vortex 

blog.  Models are predicting potentially extreme values of the AO and the possibility of a 

major mid-winter warming (MMW where the zonal wind reverses at 10 hPa and 

60˚N).  These are events that I have been discussing for weeks and months and their 

impacts on sensible weather from days to possibly months across the NH.  The predicted 

pattern of three main ridge axes in the Gulf of Alaska, Greenland and the Urals is very 

interesting with important near and long-term implications for the weather. 
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Figure i. The AER 2017-18 winter forecast shows normal to below normal temperatures for northern Eurasia 

including Europe and East Asia, Western and Southern Canada with normal to above normal temperatures in 

Southern Europe, the Middle East, South Asia, Northeastern Canada, the Southwestern and Southcentral U.S. 

Based on those ideas, I present this week our winter temperature anomaly forecast for 

the NH and for comparison include forecasts from various modeling centers.  The AER 

winter forecast stands in stark contrast to the collection of dynamical model forecasts that 

are overwhelmingly mild across the NH. Forecast differences are especially striking 

across Eurasia. 

 

Figure ii. The winter temperature forecast from the National Multi-Model Ensemble  (NMME; top left), the Climate 

Forecast System (CFS; bottom left), the European Centre for Medium Range Weather Forecasting (ECMWF; top 

right) and the United Kingdom Meteorological Office (UKMet; bottom right).  American models are copied from 

www.cpc.ncep.noaa.gov/NMME and European models copied from climate.copernicus.eu/seasonal-forecasts. 

Based on above normal Eurasian October snow cover extent, below normal Arctic sea 

ice extent and active high latitude blocking I expect a stratospheric PV disruption followed 
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by multiple weeks of severe winter weather across the NH.  The AER winter forecast 

reflects those expectations.  And despite what the weather models may be showing 

today, I consider whether there will be a significant and long-lasting PV disruption with 

concomitant sensible weather impacts an open question.  One reason that may favor a 

longer lasting and more impactful PV weakening relative to the past two winters is an 

easterly phase of the Quasi-Biennial Oscillation (QBO) in contrast to the past winters 

when the QBO was westerly.  It will be interesting to follow the evolution of the PV in 

comparison to the past two winters. 

If a significant disruption of the PV does occur the regions where cold temperatures are 

most likely are: the Eastern US, Europe and East Asia but it is not common that all three 

are cold simultaneously or even in the same winter season.  The region with the strongest 

relationship with a weakened PV is northern Asia and this where I am most confident of 

a cold forecast verifying.  Whether that cold air in Siberia flows east to East Asia or west 

to Europe is harder to predict.  But temperatures in East Asia tend to be colder leading 

up to a PV weakening relative to post the PV weakening and this is something to watch 

this winter.  Where the cold flows after a PV weakening will likely be dependent on the 

nature of the PV weakening including where the PV center migrates to from the North 

Pole and the dominant wind flow around the PV center(s). 

For North America, the circulation in the North Pacific is critical something that admittedly 

I have had a hard time incorporating into the seasonal forecast model.  In general, 

troughing in the Gulf of Alaska often results in cold temperatures along the West Coast 

but mild temperatures east of the Rockies.  In contrast ridging in the Gulf of Alaska often 

results in mild temperatures along the West Coast but cold temperatures east of the 

Rockies.  Sea ice extent has been well below normal this fall on the North Pacific side of 

the Arctic and this may favor ridging north of Alaska helping to nudge any ridging in the 

North Pacific closer to the North American continent and therefore a colder solution east 

of the Rockies.  This remains speculative but is influencing my thinking for the upcoming 

winter. 

I feel very fortunate to have the opportunity to share with the public ideas that I feel 

passionate about in the weekly blog.  The blog has been made publicly available with 

unrestricted access since its inception.  But I do not take the production and availability 

of the blog for granted.  Without the support of the management at AER and funding from 

the Geosciences directorate of the National Science Foundation the blog could not 

exist.  I just wanted to take a moment to acknowledge the support that I receive from both 

AER and NSF. 

Near Term Conditions 

1-5 day 

The AO is currently neutral (Figure 1), reflective of mixed geopotential height anomalies 

across the Arctic and mixed geopotential height anomalies across the mid-latitudes of the 



NH (Figure 2).  Geopotential height anomalies are positive near Greenland but not 

Iceland (Figure 2), and therefore the NAO is also neutral to slightly negative. 

 

Figure 1. (a) The predicted daily-mean AO at 10 hPa from the 00Z 27 November 2017 GFS ensemble. (b) The 

predicted daily-mean near-surface AO from the 00Z 27 November 2017 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. 

Strengthening ridging/positive geopotential height anomalies centered over Greenland 

are contributing to deepening troughing/negative geopotential height anomalies over 

Western and Central Europe (Figure 2). Northerly flow will result in below normal 

temperatures across Western and Central Europe including the United Kingdom while 

southwesterly winds between the European trough and ridging/positive geopotential 

height anomalies centered over the Urals will result in milder temperatures for much of 

Eastern Europe and Western Asia (Figure 3). Further east, the Ural ridging/blocking 

combined with ridging/positive geopotential height anomalies centered near the North 

Pole will force troughing/negative geopotential height anomalies over East Asia (Figure 

2) resulting result in below normal temperatures for East Asia (Figure 3).  A cutoff 

low/negative geopotential height anomalies centered near the Caspian Sea (Figure 2) 

will result in below normal temperatures for parts of Southwest Asia (Figure 3).   
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Figure 2. Observed 500 mb geopotential heights (dam; contours) and geopotential height anomalies (m; shading) for 

00Z 27 November 2017. 

Troughing/negative geopotential height anomalies over Alaska and the Gulf of Alaska are 

contributing to ridging/positive geopotential height anomalies over much of North 

America (Figure 2).  This pattern is resulting in seasonable temperatures for Alaska and 

above normal temperatures for much of Canada and the US (Figure 3).  One exception 

is along the East Coast of the US where departing troughing/negative geopotential height 

anomalies in eastern North America (Figure 2) are resulting in seasonable temperatures 

for the US East Coast (Figure 3).   

 



Figure 3. Forecasted surface temperature anomalies (°C; shading) from 28 November – 2 December 2017. Note the 

warm temperatures across Eastern Europe, Western Asia, Canada and the US with cold temperatures across 

Western Europe, Western and Central Siberia, Alaska, Northwestern Canada and the Eastern US. The forecast is 

from the 00Z 27 November 2017 GFS ensemble. 

Troughing will result in additional snowfall for Scandinavia, Eastern Europe, the Alps, 

much of Siberia, parts of East Asia, Alaska and Western and Northern Canada (Figure 

4).  In contrast, southerly flow and warmer temperatures will result in snowmelt across 

parts of Western Asia and parts of Southeastern Canada (Figure 4). 

 

Figure 4.  Forecasted snowfall anomalies (mm/day; shading) from 28 November – 2 December 2017. Note the 

snowfall over Europe, Siberia, Canada and Alaska with snowmelt over Western Asia and Southeastern Canada.  The 

forecasts are from the 00Z 27 November 2017 GFS ensemble. 

Mid-Term 

6-10 day 

The AO is predicted to remain in negative territory next week (Figure 1) as positive 

geopotential height anomalies spread across the Arctic while negative height anomalies 

dominate the mid-latitudes (Figure 5a). And with positive geopotential height anomalies 

across Greenland and Iceland, the NAO is predicted to be negative next week as well. 



 

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

(m; shading) across the Northern Hemisphere from 3 – 7 December 2017. (b) Same as (a) except averaged from 8 – 

12 December 2017. The forecasts are from the 27 November 2017 00z GFS ensemble.  

Ridging/positive geopotential height anomalies predicted to persist across Greenland this 

period would anchor troughing/negative geopotential height anomalies across Europe 

(Figure 5a). Low heights and northerly flow will result in below normal temperatures for 

much of Europe including the UK (Figure 6). Meanwhile southwesterly flow between 

troughing across Europe and persistent ridging/positive geopotential height anomalies 

centered on the Urals (Figure 5a) will bring mild temperatures to Eastern Europe and 

Western Asia (Figure 6).  Ural ridging/blocking combined with ridging/positive 

geopotential height anomalies in the Laptev and Chukchi Seas will help persist 

troughing/negative geopotential height anomalies across Siberia and East Asia this 

period (Figure 5a).  Northerly flow will maintain below normal temperatures for Western 

and Central Siberia and into East Asia as well (Figure 6). Easterly flow in Eastern Siberia 

(Figure 5a) will transport mild maritime air across the region resulting in above normal 

temperatures for easternmost Siberia (Figure 6). 



 

Figure 6. Forecasted surface temperature anomalies (°C; shading) from 3 – 7 December 2017. Note the warm 

temperatures across Eastern Europe, Western Asia, Canada and the US with cold temperatures in Western Europe, 

Siberia and East Asia. The forecasts are from the 00Z 27 November GFS ensemble. 

Troughing/negative geopotential height anomalies previously in the Gulf of Alaska will 

drop down into the Southwestern US this period with the remainder of North America 

dominated by ridging/positive geopotential height anomalies (Figure 5a) High heights 

and westerly flow will result in normal to above normal temperatures for much of 

Canada and the US (Figure 6).  One exception could be in the Western US (Figure 

5a) with normal to below normal temperatures for in the wake of the eastward propagating 

trough (Figure 6).  

 



Figure 7. Forecasted snowfall anomalies (mm/day; shading) from 3 – 7 December 2017. Note new snowfall over 

Northern, Central and Eastern Europe, Canada and the Western US with snowmelt in northwestern Asia. The 

forecasts are from the 00Z 27 November 2017 GFS ensemble.  Note the new projection to provide finer resolution. 

Cold temperatures and troughing will support the potential for additional snowfall across 

much of Northern Eurasia including Siberia, Scandinavia, Eastern Europe, the Alps, East 

Asia and even possibly Central Europe. In North America troughing will support new 

snowfall in the Western US with more snowfall possible across Canada (Figure 7). On 

the flip side, southerly flow and warm temperatures will support snowmelt in Western Asia 

and the Canadian Maritimes (Figure 7). 

11-15 day 

Positive geopotential height anomalies will continue to dominate much of the Arctic 

(Figure 5b) maintaining a negative AO this period (Figure 1). With positive 

pressure/geopotential height anomalies persisting across Greenland and Iceland, the 

NAO will likely remain negative as well (Figure 1). 

Persistent ridging/positive geopotential height anomalies across Greenland will continue 

to favor troughing/negative geopotential height anomalies across Europe as well this 

period (Figure 5b).  This pattern favors normal to below normal temperatures across 

most of Europe (including the UK) (Figure 8).  Meanwhile southwesterly flow between 

the European trough and ridging/positive geopotential height anomalies centered over 

the Urals will maintain above normal temperatures for Western Asia (Figure 8).  Once 

again this period, Ural blocking in combination with predicted ridging/positive geopotential 

height anomalies on the Eurasian side of the Arctic from the Kara to the Chukchi Seas 

will continue to favor troughing/negative geopotential height anomalies and/or northerly 

flow across much of Siberia and into East Asia (Figure 5b).  This pattern will persist 

with below normal temperatures across much of Siberia and East Asia (Figure 8). Once 

again one predicted exception to the cold temperatures in East Asia is Eastern Siberia 

where ridging/positive geopotential height anomalies coupled with easterly flow (Figure 

5b) favor normal to above normal temperatures for easternmost Siberia (Figure 8).  



 

Figure 8. Forecasted surface temperature anomalies (°C; shading) from 8 – 12 December 2017. Note the warm 

temperatures across Western Asia, and Alaska with cold temperatures in Europe, Siberia, Western Canada and the 

Northwestern US.   The forecasts are from the 00Z 27 November 2017 GFS ensemble. 

Ridging/positive geopotential height anomalies are predicted to strengthen over Alaska 

and the Gulf of Alaska forcing troughing/negative geopotential height anomalies 

downstream over eastern North America (Figure 5b).  Northerly flow will help to dislodge 

cold air previously in Alaska further south and east into Western Canada and the 

Northcentral US with seasonable temperatures further east (Figure 8).  Positive height 

anomalies strung across Northern Canada (Figure 5b) will contribute to above normal 

temperature for much of Northern Canada (Figure 8). 

 



Figure 9. Forecasted snowfall anomalies (mm/day; shading) from 8 – 12 December 2017. Note new snowfall over 

Northern and Eastern Europe, Canada and the Northeastern US.  The forecasts are from the 00Z 27 November 2017 

GFS ensemble. Note the new projection to provide finer resolution. 

Troughing and cold temperatures will support expansion of NH snow cover extent with 

the potential of additional snowfall across Europe, Siberia, East Asia, Canada and even 

possibly the Northern US this period (Figure 9). 

Longer Term 

30–day 

The latest plot of the tropospheric polar cap geopotential heights (PCHs) continues to show 

cold/below normal PCHs in the stratosphere but warm/above normal PCHs in the troposphere 

(Figure 10).  The forecast of warm positive PCHs in the troposphere is consistent with the 

predicted negative AO over the next two weeks. 

 

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 27 November 2017 GFS ensemble. 

The plot of Wave Activity Flux (WAFz) or poleward heat transport shows one pulse that just ended 

(Figure 11).  This resulted in some warming of the cold stratospheric PCHs (Figure 10) and 

shifting the stratospheric PV center from the North Pole to the Eurasian North Slope (Figure 

12).  The forecast is for another stronger pulse of WAFz/poleward heat transport in early December 

(Figure 11).  This results in further weakening of the stratospheric PV and likely in at least a minor 
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sudden stratospheric warming (Figure 12). This can also be seen in the forecast of the stratospheric 

AO back into negative territory (Figure 1). 

 

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 27 November 2017 GFS ensemble. 

What I consider the most important change in the weather models over the past week is the forecast 

of stronger Ural blocking and deeper troughing in East Asia and into the North Pacific.  The 

anomalous height pattern of positive values across northwest Eurasia and negative heights across 

East Asia and the North Pacific projects constructively on to the largest climatological wave in the 

mid-troposphere.  This pattern is favorable for increasing the amount of energy that is transferred 

from the troposphere to the stratosphere leading to weakening of the stratospheric PV  (Cohen and 

Jones 2012). 
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Figure 12. a) Forecasted 10 mb geopotential heights (dam; contours) and temperature anomalies (°C; shading) 

across the Northern Hemisphere for 3 – 7 December 2017. (b) Same as (a) except averaged from 8 – 12 December 

2017. The forecasts are from the 27 November 2017 00z GFS ensemble.  

I have noted that often when WAFz is active and the PV becomes disturbed there are 

accompanying changes in the tropospheric circulation.  One is that though the active WAFz forces 

a negative trend in the stratospheric AO it often forces a positive trend in the tropospheric AO 

accompanied by milder temperatures.  There are no strong signs of this in today’s model forecasts 

but something to watch in the coming weeks.  Second, once the stratospheric PV becomes 

disturbed with the PV shifting towards Eurasia while high pressure builds over northern North 

America there are reflections of these features in the stratosphere.  There is a clear reflection of 

the high pressure/heights building over Alaska and Northwest Canada in the stratosphere (Figure 

12) also in the troposphere (Figure 5b).  However, I don’t necessarily see a reflection of the 

stratospheric PV over northwestern Eurasia (Figure 12) in the troposphere.  Again, this is 

something to watch in the coming weeks. 



 

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

shading) across the Northern Hemisphere for January 2017. The forecasts are from the 27 November 2017 CFS.  

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

temperature anomaly (Figure 14) forecast for January from the Climate Forecast System (CFS; 

the plots represent the mean of most recent four ensemble members).  Across the NH the CFS is 

predicting a continuation of the pattern from the beginning of December throughout the entire 

month (not shown, though I did tweet the temperature forecast). The Gulf of Alaska/Alaska, 

Greenland and the Urals are dominated by ridging contributing to troughing in eastern North 

America, Europe and East Asia accompanied by cold temperatures.  Though the cold temperatures 

are absent across Europe and in general I believe that the CFS forecast is too warm for the Eurasian 

continent.  For January the CFS is predicting a relaxation of the December pattern with rising 

heights across the Eastern US and Europe accompanied by mild temperatures.  Heights rise across 

East Asia as well but enough residual cold persists for an overall cold month.  I am skeptical of 

this latest CFS forecast, which will likely be sensitive to troposphere-stratosphere coupling. 



 

Figure 14. Forecasted surface temperature anomalies (°C; shading) for January 2017. Note the warm temperatures 

across Europe, Southeast Asia and the US with cold temperatures in Siberia and Eastern Canada. The forecasts are 

from the 27 November CFS. 

A recent paper on the trends in Greenland blocking (Hanna et al. 2016) did not find any directional 

trends for the month of December but did find an increase in interannual variability and a clustering 

of extremes of both signs in recent years.  Given current Greenland blocking, the negative NAO 

tendency and based on their findings the possibility exists for an extreme negative NAO next 

month. 

Surface Boundary Conditions 

Arctic Sea Ice 

Large swaths of the North Pacific side of the Arctic basin remain ice-free despite no sunshine 

(Figure 15).  Sea ice is below normal in the Barents-Kara Seas as well (Figure 15). However, the 

largest negative anomalies in sea ice extent remain in the Beaufort and Bering Seas.  This is 

different from last November when the largest negative anomalies where in the Barents-Kara 

Seas.  When comparing the sea ice extent with the same time last year, it is really quite striking 

how much less sea ice was present in the Barents-Kara Seas compared to this year.  During the 

past two winters the strongest blocking at high latitudes was centered near the Barents-Kara Seas 

(the Urals in 2015/16 and Scandinavia in 2016/17).  Recent sea ice anomalies suggest a different 

scenario for the winter of 2017/18 with blocking focused in the North Pacific sector.  Still the 

below normal sea ice in the Barents-Kara Seas may have contributed to stronger than forecasted 

Ural blocking.  Admittedly all this is a speculative inference on my part but something to watch in 

the coming months. 

http://onlinelibrary.wiley.com/doi/10.1002/joc.4673/full


 

Figure 15. Observed Arctic sea ice extent on 26 November 2017 (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.  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 negative AO. 

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.  ENSO forecasts have been struggling for much of the year 

but equatorial Pacific SSTs have cooled steadily and confidence in a La Niña winter is 

growing.  Observed SSTs across the globe remain well above normal though below normal SSTs 

exist regionally mostly in the North Pacific.  Though it is not comparable to last winter where 

strong negative anomalies developed helping to fuel the North Pacific jet.  Warm waters in the 

northern part of the basin could support ridging but it is still an open question as to where. 



 

Figure 16. The latest weekly-mean global SST anomalies (ending 25 November 2017). 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 slowly transition 

from phase three to phases four and eventually five (Figure 17).  All three phases favor low heights over northern 

North America including Greenland with warming over most of eastern North America.  The MJO could be 

contributing to some of the warm temperatures initially predicted by the GFS but for the most part is opposite of the 

weather pattern predicted over the next two weeks. 

 



Figure 17. Past and forecast values of the MJO index. Forecast values from the 00Z 27 November 2017 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 stalled is now below normal and close to the extent 

of last November and close to the decadal mean.  Still snow cover extent should expand once more 

when troughing becomes established in eastern North America. 

Eurasian snow cover advance has been fairly steady, coincident with a return to colder 

temperatures and is currently near decadal means.  And with the predicted negative AO, snow 

cover extent across Eurasian should continue to advance.  

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 

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. 
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