NRGA Weather-Climate Update
Wednesday 21 December. 201k

Extended Forecast: More
Daylight

Greetings All,

A very active winter pattern continued over the region during the past seven days. Heavy snow fell over Southwest and
South-Central Montana and portions of the other western PSAs late last week courtesy of a strong low pressure system
that edged northeast from the Great Basin, followed by bitter cold from an Arctic outbreak from Canada behind it last
Friday through Sunday. Then, a warmer system moved in from the west and brought strong chinook winds east of the
Continental Divide, producing areas of blowing snow and blizzard conditions Monday in Central Montana, before
temperatures warmed late that day into yesterday. This warmer system also brought significant snowfall to the higher
elevations of North Idaho and Northwest Montana Monday and Tuesday, accompanied by some rain and gusty winds to
the valleys of Western Montana. Before the snow settled, Billings reported a 20 inch snow depth last Friday, now, after
the warm-up there, it is only half that. Colder weather had been occurring for a longer period in North Dakota, and only
light amounts of snowfall occurred there during the past week, but the milder westerly flow the last few days brought
warming to above freezing temperatures over most of the state.

As we see from 1) and 2), our 7-Day measured precipitation, percent of average of it, and 7-Day temperature anomalies,
very little or no precipitation occurred over the northern half of Central/Eastern Montana and most of North Dakota this
past week. And in spite of the warmth the last few days, temperatures were so cold before that, our weekly anomalies
are still well below-average region-wide. Also interesting to note, as 3) shows us, the NOAA satellite-estimated snow
depths across the region show continuous snow cover over all areas except for small portions of Central Montana in
the chinook zones.

Even better, large gains were made in mountain snowpack water-equivalents (SWE) region-wide, 4) and 5). The 1-3 feet
of snow that fell late last week over Yellowstone NP east into South-Central Montana has pushed those areas into
above-average levels, while all the other areas jumped up a category. It appears that this quite active pattern is going to
persist for at least another 10 days or longer across the region, as another low pressure trough will push into the entire
US West Coast beginning late tomorrow, with the weaker northern portion edging in to our western PSAs late Friday
through Christmas Eve and Christmas Day. For those with travel plans heading west or through North Idaho and Western
Montana before Christmas, tomorrow and Friday will be the best days. An interesting development with increasing
confidence in its likelihood is that a developing low could push up north from the Central Rockies into Eastern North
Dakota on Christmas Day. Which would bring heavy snow and blowing snow then to much of the state, possibly even
preceded by rain in far Eastern North Dakota early in the day, before changing over.



This image to the right shows
the strong upper low at 5pm
MST Christmas Day lifting
north toward North Dakota
with heavy snow over the
western 2/3 of the state, with
rain further east. The effects
of this would continue well
into the next day there, while
back to the west over North
Idaho and Montana, colder
weather will be present
(though not as cold as this
past weekend) with areas of
light snow diminishing.
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But wait, there is more. For
the next 20 readers, we will
throw in a complementary
follow-on cool low pressure
system late Tuesday and Wednesday over the western PSAs. Thus, travel conditions over the passes then will deteriorate,
but only light precipitation with this next system is expected further east in Montana and North Dakota. So we will see
further gains in our mountain snowpacks over the coming week as well. And it goes without saying that the likelihood
of seeing real snow cover on Christmas day is quite high for all areas, even in the Central Montana chinook zones, and
the lower elevations of North Idaho. All these occurrences then are reflected in 6), 7), and 8), our high resolution model
precipitation and snowfall forecasts, and NWS 7-Day total precipitation forecast.

In addition, while the two long range models become out of phase toward the 9-10 day forecast period, they do both
continue a progressive pattern of fairly strong, moist, and cool, overall, low pressure systems moving over the region in a
west to northwest flow by the end of next week and beyond. The typical La Nina winter pattern often seen over the
Northwest US into the NRGA, which is reflected in 9), the NOAA CPC 8-14 Day Temperature and Precipitation outlooks.
Which will further aid in maintaining and building our mountain snowpacks.

Finally, an interesting observation concerning our western PSA snowpacks up through the weekend. The bulk of it fell later
than usual as fairly cold, dry powder over the preceding three weeks. So although SWE values in the areas these pictures
(10) were taken, (PSA 06 — west slope of the Bitterroot Divide, and PSA 07 - foothills of the Swan Range), were only in the
70-85% range, snow depths were 3-4 feet. And both these were at lower elevations, around 3800 feet in PSA 06, and 4400
feet on the east side of the Swan Valley in PSA 07. Making for tough traveling for those creatures not equipped with long
boards on their feet.

Happy Holidays!



1) NWS Observed 7-Day Precipitation, Ending 0500 MST Today, Wed. 21 December
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2) NOAA/NWS 7 Day Observed Precipitation Percent of Average and WRCC 7 Day Average Temp. Anomalies (F)
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3) NOAA Satellite-Estimated NRGA Snow Depth, Midnight 21 December, 2016
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4) NRCS SNOTEL SWE Percent of Average, 14 Dec. and 21 Dec., 2016
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5) NOAA Satellite-Estimated SWE Midnight 14th and 21st December, 2016
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6) High-Resolution Model 72 hour Precip. Forecasts 5pm MST Today to 5pm Sat and 5pm Sat to 5pm Tue



7) NWS 7 — Day Total Precipitation Forecast, Ending 6pm MST Wed 21 Dec.
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8) High-Resolution Model 72 hour Snowfall Forecasts 5pm MST Today to 5pm Sat and 5pm Sat to 5pm Tue

Init: 12 UTC Wed 21 Dec 16
Valid: 00 UTC Wed 28 Dec 18 (16 PST Tue 27 Dec 16)
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9) NOAA - CPC 8-14 Day Temperature and Precipitation Outlooks, Valid 29 December 2016 — 04 January 2017

10) Brushy Fork Crk. Idaho, PSA 06 Sat. 17 Dec. and Foothills of Swan Range, PSA 07 Sun., 18 Dec. 2016 M. Richmond

Michael Richmond

Meteorologist, Predictive Services

USFS — Northern Rockies Coordination Center

5765 West Broadway, Missoula, MT 59808  (406) 329-4703



