
 
Mean December temperatures were cooler than 
normal throughout most of the lower elevations of 
WA State, but were much warmer than usual for 
the higher elevations. Figure 1 shows the 
December mean temperature anomalies, 
indicating that the warmer than usual anomalies 
were mainly confined to the Cascade and Olympic 
Mountains. This sort of temperature anomaly 
pattern is a bit unusual to see on the monthly time 
scale, and it’s thanks to a large ridge of high 
pressure that was persistent for nearly two weeks 
(approx. Dec 4-14). The 500 hPa geopotential 
height anomalies during that period are shown 
in Figure 2, for those of us that think no 
weather summary is complete without such 
type of plot. The ridge was responsible for a 
temperature inversion - where temperatures 
increase with height, rather than decrease - 
bringing mild temperatures (50s and 60s) in the 
mountains and colder than usual temperatures 
to the lowlands. Fog and freezing fog is 
common with this pattern, as well as poor air 
quality due to stagnant air and little 
precipitation. Precipitation was below normal 
for a majority of WA State, again thanks to this 
persistent weather pattern. 
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December Event Summary

Figure 1: December 2017 mean temperature 
anomalies (compared to 1981-2010 normal) across 

WA State (WWDT).

https://wrcc.dri.edu/wwdt/index.php?folder=mdn1
https://wrcc.dri.edu/wwdt/index.php?folder=mdn1


A change in the weather pattern occurred on the 
15th, bringing precipitation to the state for 
several days. Spokane AP set a maximum daily 
snowfall record of 7.1” on the 15th. Maximum 
daily rainfall records were set at Olympia (1.82”) 
and Bellingham (2.22”), for example, and a 
maximum daily precipitation record was also set 
at Spokane Airport (1.12”), all on the 19th. 
Perhaps even more noteworthy was that nearly 
the entire state had snow fall on Christmas Day 
(12/25) - something that Washington native Bing 
Crosby would likely have enjoyed. Figure 3 shows 
the 24-hr snowfall totals from the CoCoRaHS 
network on Christmas morning. SeaTac Airport 
recorded a daily maximum snowfall record on the 
25th of 1.0”, but more snow fell on Christmas in 
1909 (1.2”) when measurements were taken in 
downtown Seattle. 

Finally, the month ended with heavy rain on the 
28th and 29th. Maximum daily rainfall records 
were set at Pullman-Moscow Airport (1.77”) and 
Walla Walla (1.39”) on the 29th, and this heavy rain 
day caused the monthly precipitation totals to be 
above normal there.  
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Figure 3: 24-hr snowfall observations on the morning of 25 December from CoCoRaHS 
observers.

Figure 2: The 500 hPa geopotential height 
anomalies for 4-14 December 2017 over the Pacific 

Northwest (ESRL).

https://www.esrl.noaa.gov/psd/data/composites/day/
https://cocorahs.org/Maps/
https://www.esrl.noaa.gov/psd/data/composites/day/
https://cocorahs.org/Maps/


The warmer than usual mountain temperatures 
(thanks to the temperature inversion) and the 
below normal December precipitation meant that 
the WA State snowpack suffered some over the 
last month. The basin percentages of normal are 
lower than they were in the last edition of the 
OWSC newsletter released in early December. 
Snowpack grew over the month, but at less than 
the normal rate. A nice illustration of this is shown 
in Figure 4 for the Upper Yakima basin. The 
yellow shading indicates the December 
accumulated snow water equivalent (SWE) for 
water year 2018 compared to median and the past 
3 water years. While the Dec 2017 accumulation is 
less than median and the last two water years, the 
SWE still grew and is greater than the 2015 
drought year accumulation for this basin. 

Taking a broader view, the basin average SWE 
percent of normal from the National Resources 
Conservation Service is shown in Figure 5 for WA. 
As of January 3, the basins in the central and 
southern Cascades have below normal snowpack 
(between 76 and 86% of normal). On the other 
hand, the Olympic, North Puget Sound, Upper 
Columbia, Spokane, and Lower Snake all have 
normal to above normal average SWE (90-121% of 
normal). While December is typically a big month 
for building snowpack, there is still a substantial 
part of the snow season left for the sites in the 
central and southern Cascades that are lagging 
behind. 
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Snowpack Update

Figure 5: Snowpack (in terms of snow water 
equivalent) percent of normal for WA as of 3 

January 2018 (NRCS).

Figure 4: The monthly accumulated snow water 
equivalent as a percent of the maximum SWE for 
the water year for the Upper Yakima Basin for the 
most recent 4 water years and the median (NRCS).
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It is perhaps belaboring the obvious, but 
temperatures have increased in WA over 
the last 50-100 years. From the perspective 
of extremes, our colder winter months, 
relative to climatological norms, are not as 
anomalous as in past decades, and our 
much warmer than usual months are 
occurring more frequently. Here we 
explore how the regional atmospheric 
circulation relates to monthly mean winter 
temperatures using neural networks known 
as self-organizing maps (SOMs).

The SOM framework is being increasingly 
employed for meteorological and 
oceanographic applications (Liu and 
Weisberg 2011). It has been found useful 
for classifying and visualizing geophysical 
data, and has some advantages over other 
analysis methods. It is effective in terms of 
representing the full continuum of a data 
set, through its ability to catalog a 
combination of both common patterns and 
other states that are rare but distinct. For 
present purposes, the focus is not on the 
SOM technique, but rather on some results 
featuring monthly mean conditions in WA 
during winter.

Our primary objective is to describe 
monthly mean circulation patterns in 
winter as they relate to temperatures and 
towards that end, a SOM analysis was 
carried out using two data layers. The first 
data layer consists of gridded monthly 

mean 500 hPa geopotential height (Z) 
anomalies for November through March 
during the years of 1948 through 2016. The 
domain encompasses the NE Pacific 
Ocean, Pacific Northwest and western 
Canada, specifically, 40-60°N, 145-105°W; 
the data itself is from the NCEP 
Reanalysis. The second data layer is 
monthly mean temperature anomalies for 
the same months (345 total) from Seattle 
(KSEA) and Spokane (KGEG). One feature 
of SOMs is the option to weight the data 
layers. Here we show results from a SOM 
trained with weights of 75% for the 500 Z 
and 25% for the temperatures, since we are 
most interested in the regional circulation. 
Other trials revealed that the results were 
not very sensitive to the weighting. We also 
constructed SOMs with a variety of 
configurations, and subjectively settled on 
a 5x3 matrix (15 patterns). Each pattern is 
not independent in that the learning 
procedure leads to an ordered mapping of 
the input data, considering both data 
layers, such that neighboring patterns (or 
nodes) are similar to one another and ones 
located far apart are more dissimilar. 

Composite 500 hPa Z anomaly maps for 
the months comprising each of the 15 
nodes are shown in Figure 6. The central 
and upper patterns in the far left column 
(#6 and #11) are accompanied by the 
coldest temperature anomalies; the three 
patterns closest to the lower right corner 
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Regional Circulation Patterns and Temperatures in 
Winter 

A message from the State Climatologist



(#4, 5, 10) have the warmest anomalies. 
The normalized composite temperature 
anomalies for each pattern at SEA and 
GEG, and the total number of occurrences 
of each pattern, are itemized in Table 1. 
Not surprisingly, low 500 hPa Z heights 
and anomalous flow from the north imply 
cold, and high Z and southerly wind 
anomalies bring warmth. But there are 
some interesting wrinkles. In a relative 
sense, the heights are generally more 
important for temperatures at SEA while 
the north-south flow anomalies matter 
more to GEG. An interesting special case is 

represented by node 15, which has high 
positive height anomalies, but these 
months are not warm because they likely 
include extended periods of settled 
weather conditions with sinking motion 
and clear skies resulting in low-level 
temperature inversions, similar to what we 
endured for a substantial portion of this 
past December. Another interesting result 
regards nodes #11 and 12. The procedure 
probably separates them mostly because 
#11 has much colder temperatures than 
#12, even though their composite height 
patterns are quite similar. It is difficult to 
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Table 1: Total number of winter months (1948-2016) and mean temperature anomalies (°F) at SEA 
and GEG for SOM types 1-15.

	11																																								12																																						13																																								14																																							15	

	

	

				6																																									7																																									8																																										9																																						10	

	

	

			1																																										2																																								3																																											4																																									5	

Figure 6: The 15 composite 500-hPa geopotential height patterns associated with monthly winter 
(Nov-Mar) temperatures at SEA and GEG identified using the SOM technique. The patterns on the 
upper left are associated with the coldest temperatures and those on the lower right are associated 

with the warmest temperatures.

Station 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Total 26 17 25 48 18 5 34 29 25 26 7 26 18 35 6

SEA -2.2 1.8 0.8 3.0 4.2 -7.9 -3.4 0.1 -0.1 3.1 -6.7 -1.8 -0.9 -0.4 -0.9

GEG -1.9 4.4 2.1 3.9 4.3 -10.3 -4.4 0.1 1.5 3.9 -12.7 -2.0 -2.2 -1.7 -2.3



say whether the difference in mean 
temperatures is due to the modest easterly/
continental component to the anomalous 
flow in #11 that is absent during the 
months for #12, or due to some other 
effect(s), including merely a statistical 
fluke.

The frequencies of occurrence of the 
various nodes vary substantially over the 
69-year period of analysis. Time series of 
the number of months per year of the 
three warmest patterns (#4, 5, and 10) in 
Figure 7 indicate that they have occurred 
throughout the record but have been more 
frequent in recent decades. Time series of 
the occurrence of the coldest patterns in 
Figure 8 reveal a complete absence of the 
two most extreme nodes (#6 and slightly 

less rare #11) after 1989. The third coldest 
and much more common node of #7 has 
been manifested from time to time in 
recent years, but somewhat less frequently 
than earlier in the record.

Our interpretation of these findings is that 
we have not enjoyed an extremely cold 
month in WA for a long time mostly 
because of the systematic change in the 
frequency of occurrence of characteristic 
regional circulation patterns pertaining to 
temperatures. It is known that the global 
climate is changing due to increased 
greenhouse gas concentrations. What is 
not clear is whether climate change has 
been a causal factor in the regional 
circulation pattern changes seen in this 
example or whether it’s a coincidence. 
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Figure 7: The frequency of occurrence for the 3 warmest patterns (#4, 5, 10) identified by the SOM 
from 1948-2016.
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Reference:
Liu, Y. and R.H. Weisberg (2011): A Review of Self-Organizing Map Applications in Meteorology 
and Oceanography, Self Organizing Maps - Applications and Novel Algorithm Design, Dr Josphat 
Igadwa Mwasiagi (Ed.), ISBN: 978-953-307-546-4, InTech. Available online.

Figure 8: As in Fig. 7, except for the 3 coldest patterns (#6, 7, 11).

http://www.apple.com
http://www.apple.com


Mean December temperatures were near-
normal to below normal for most of the 
state. The temperature anomalies shown in 
Table 2 are largely within 1°F of normal, but 
on the cooler side. SeaTac Airport, 
Hoquiam, and Hanford, for example, were 
0.6, 0.4, and 0.5°F below normal, 
respectively. The map from the High Plains 
Regional Climate Center on the right-hand 
side shows an area of above normal 
temperatures in central WA. Figure 1 
shown in the opening section of this 
newsletter depicts this more clearly as 
more higher elevation stations are taken 
into account for that plot: most of the 
Cascade Mountains and Olympia 
Mountains had above normal December 
temperatures. This is due to the persistent 
ridge of high pressure causing a 
temperature inversion in which 
temperatures at higher elevations were 
warmer than what was experienced at 
lower elevations. 

Total December precipitation was below 
normal throughout much of the state. Parts 
of eastern WA were especially dry: Omak 
and Ephrata only received 33% of normal 
precipitation, for example (Table 2). While 
some locations in western WA saw normal 
to above normal precipitation (e.g., SeaTac 
Airport: 101% of normal), more locations 
had below normal precipitation (e.g., 
Hoquiam: 79% of normal). Southeastern 
WA was the exception, where above 
normal December precipitation was 
recorded. Pullman had 214% of normal 
precipitation for the month.
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Climate Summary

December temperature (°F) departure from normal 
(top) and precipitation percent of normal (bottom). 
(High Plains Regional Climate Center; relative to the 

1981-2010 normal).

Temperature (°F)

Precipitation (%)
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Table 2: December 2017 climate summaries for locations around Washington with a climate 
normal baseline of 1981-2010. Note that the Vancouver Pearson Airport and Seattle WFO 

1981-2010 normals involved using surrounding stations in estimating the normal, as records 
for these station began in 1998 and 1986, respectively.

Mean Temperature (°F) Precipitation (inches) Snowfall (inches)

Avg Norm Departure 
from 

Normal

Total Norm % of 
Norm

Total Norm % of 
Norm

Western Washington

Olympia 37.0 38.4 -1.4 6.90 7.46 92 M 2.6 M

Seattle WFO 40.5 41.1 -0.6 4.83 5.43 89 3.2 2.3 139

SeaTac AP 40.0 40.6 -0.6 5.43 5.35 101 2.6 1.7 153

Quillayute 40.2 40.4 -0.2 11.05 12.99 85 0 2.1 0

Hoquiam 41.2 41.6 -0.4 7.82 9.96 79 0 0.4 0

Bellingham AP 37.0 38.1 -1.1 6.08 4.22 144 M 2.9 -

Vancouver AP 38.8 40.6 -1.8 3.14 6.77 46 M M M

Eastern Washington

Spokane AP 26.7 27.4 -0.7 2.88 2.30 125 17.1 14.6 117

Wenatchee 27.5 27.9 -0.4 0.87 1.40 62 M 12.9 -

Omak 25.7 25.7 0.0 0.72 2.20 33 M M M

Pullman AP 28.6 30.1 -1.5 3.36 1.57 214 M M M

Ephrata 29.0 27.4 1.6 0.41 1.24 33 M 7.6 -

Pasco AP 31.8 33.1 -1.3 0.88 1.21 73 4.0 0.4 1000

Hanford 30.6 31.1 -0.5 0.50 1.20 42 2.8 5.9 47



According to the Climate Prediction 
Center (CPC), La Niña conditions have 
persisted in the equatorial Pacific Ocean 
with below-average sea surface 
temperatures (SSTs) across the central and 
eastern equatorial region. The models used 
to forecast the El Niño Southern 
Oscillation (ENSO) have become more 
confident in their prediction of continuing 
La Niña conditions. La Niña conditions are 
likely (exceeding 80%) through the 
Northern Hemisphere winter 2017-18 and 
are anticipated to influence temperature 
and precipitation during the upcoming 
months. The CPC/IRI expects a return to 
ENSO-neutral, or normal, conditions most 
likely during mid-to-late spring 2018.
 
The CPC predicts January to have equal 
chances of either above, below, or near-
normal temperatures. The outlook for 
precipitation in January is similar, with 
equal chances of above, below, or near-
normal precipitation across most of the 
state. The exception to this is a small area 
of south-central Washington where the 
outlook calls for drier than normal 
conditions.
 
The outlook for (January-February-March; 
JFM) remains in accordance with what we 
would expect from La Niña conditions. 
The CPC continues to call for colder than 
normal temperatures across Washington 
state; with higher likelihood of below 
normal temperatures in northern and 
western Washington. The CPC also calls 
for wetter than normal conditions across 
the state.
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January-February-March outlook for 
temperature (left) and precipitation (right) 

(Climate Prediction Center) 

Climate Outlook

January outlook for temperature (left) and 
precipitation (right)

http://www.cpc.ncep.noaa.gov/
http://www.cpc.ncep.noaa.gov/

