METEOROLOGY OF FAIRBANKS
WINTER: MAKING SENSE OF THAT
CRAZY INVERSION
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What's an inversion and why should | care?

Usual (lower latitude) state of
atmosphere:
Temperature decreases with height
Air near the ground is well mixed

Inversion
Temperature increases with height
Inhibits mixing (inversion acts as a “lid”)

“Stuff” put into the air will disperse when the air

IS mixed but be “trapped” when there is a lid
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Examples of “normal” vs. inversion

Fairbanks Airport
3PM Sept 23, 2016
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Fairbanks Inversion

Surface based inversions are normal part of Arctic and sub-
arctic winter, but Fairbanks inversions are extreme

Surfaced based increase in temperature with height

(lapse rate) commonly exceed 10°C/100m (18°F in 300°),
and at times as strong as 30°C/100m in the lowest 30m.

Extreme cases have as much as 55°F difference between
the surface and the top of the inversion.

Inversion top is often 3000 ft MSL or higher, but the

greatest change in temperature is nearly always below
1500 ft MSL
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Why does Fairbanks have such strong inversions?

Latitude: no significant solar heating late Nov-late Jan
and not much several weeks before and after

Hills to the north and east serve to block the
prevailing winter winds: as a result very low wind
average speeds

Fairbanks hill protected from the west too
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Why do inversions form and how do they
break-up?

Form

- No heating from the sun

- Clear skies, little wind

- Cold air is denser...flows
downhill

Break-up
- Sunshine
- Wind (mechanically mix)

- Clouds (warming from
above)



Sunshine and Summertime...oh wait

Fairbanks, Alaska
Sunshine and Twilight
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Solar Heating through the year

Daily Solar Heating
(Bird Clear Sky Model)
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Time of Daily Temperature Extremes
Summer Solstice

Fairbanks CRN
Time (AKST) of Daily Temperature Extremes
Summer Solstice (Jun 6-Jul 6), 2003-2012
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Time of Daily Temperature Extremes:
Deep Winter

Fairbanks CRN
Time (AKST) of Daily Temperature Extremes
Winter Solstice (Dec 6-Jan 5), 2002-2013

35% -

47% of daily highs and low temps occur within

30% -
two hours of midnight (AM or PM)

Only 31% of daily high temps
occur between bam & 6pm AKST
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Fairbanks Monthly Inversion Frequency

Fairbanks, Alaska
RAOB Frequency Surface Temperature < 950mb Temperature
~1948-2012
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Inversion Frequency Through the Decades

December-January Inversion Frequency Variability
1951-52 to 2015-16
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Inversions Come In Different Flavors

Fairbanks Airport

3AM Jan 27, 1997
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Growth and decay of inversions

During the low sun time of year (or day)

Inversions grow when

Clear skies and light surface winds allows air at ground
to cool (happens in mid-summer too)

Warm air aloft moves in overtop the surface cold pool
Horizontal (e.g. Chinook type flow)
Vertical (e.g. big high pressure)
Inversions weaken or dissipate when
Significant cloud cover moves in (warming from above)
Significant snowfall

Wind mechanically mixes the surface cold pool

* Rare in urban Fairbanks/North Pole, common e.g. Chena Valley .



Growing Inversions
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Atmospheric Temperature Profile
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Breaking Inversions

Fairbanks RAOBS and Temperature Plots
Dec 09-10, 2010
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Deep Cold/lce Fog # Strong Inversion

Fairbanks, Alaska
Ice Fog Soundings
Dec 31, 1999-Jan 01, 2000
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Mixing Height and Dispersion

Mixing Height: depth of turbulent mixing, i.e. how
high smoke rises before it flattens out

Dispersion: Combination of wind speed and
mixing height
Low mixing heights and moderate to strong wind do
occur, but not in the context of Interior inversions
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Inversions and Air Quality

Air Pollution is a function of human introduced pollutants
and very poor dispersion.

Dispersion is a function of surface based temperature

lapse rate (i.e. inversion), mixing height, and wind speed.

Very Poor Dispersion is caused by the combination of
very strong surface based inversions, very low mixing
heights, and low wind speeds.



-
Low Mixing Heights Seen Jan 2009




Forecasting Dispersion Conditions

For Fairbanks in winter...
Mostly a matter of forecasting changes in mixing
height
Which is functionally equivalent to forecasting
changes in surface inversion strength
Large scale processes (clouds, temperatures aloft)

Local process (ice fog formation or dispersion, local
wind changes)
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Example Dispersion Forecast

PREVIOUS SOUNDING CURRENT SOUNDING FORECAST SOUNDING
12/29/08 300 AM — 12/29/08 300 PM e=———x 12/30/08 300 AmM

1500 m
1400 m
1300 m
1200 m
1100 m
1000 m
900 m
800 m
700 m
600 m
500 m
400 m
300m
200 m
100 m

om

HEIGHT(m) TEMPERATURE(C) DEG/100m HEIGHT (m) WIND DIRECTION WIND SPEED (mph)
o -32.3 0.0 o 000 o
65 -27.5 7.4 65 060 3
300 060 9
600 070 19

2
635 -23.8 -0.3
.3 635 oso 22
3
7
5

7

o

1098 -25.0 -0

1251 -23.0 1. 900 oso 22
3 1200 070 26
o

1251 070 28

1303 -21.1
1462 -20.3

MIDDLE TANANA VALLEY FORECAST

.TONIGHT...MOSTLY CLEAR. PATCHY ICE FOG. LOWS 15 TO 45 BELOW.
WARMEST AT HIGHER ELEVATIONS. LIGHT WINDS...EXCEPT LOCALLY
NORTHEAST 15 TO 25 MPH THIS EVENING.

.TUESDAY. . .MOSTLY CLEAR. PATCHY ICE FOG. HIGHS 10 TO 40 BELOW.
WARMEST AT HIGHER ELEVATIONS. LIGHT WINDS.

.TUESDAY NIGHT...MOSTLY CLEAR. PATCHY ICE FOG. LOWS 15 TO

50 BELOW. WARMEST AT HIGHER ELEVATIONS. LIGHT WINDS.

TEMPERATURE / PRECIPITATION
FAIRBANKS -40 =32 -42 -33 / o o o o

DISPERSION FORECAST

TONIGHT: VERY POOR

TOMORROW: VERY POOR

SYNOPSIS: A VERY COLD AIRMASS WILL CONTINUE TO MAINTAIN A STRONG INVERSION WITH
CALM WINDS AND NO MIXING OF THE AIR.




Summary

Strong inversions are a function of latitude,
topography and time of year

No evidence of long term changes in frequency
Inversions strongly limit vertical mixing

* Improving dispersion
forecasts require very
high resolution
computer models (for
local winds)
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