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Winter Air Pollution in Fairbanks




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

e Dispersion is a function of surface based
temperature lapse rate, mixing height, and wind
speed.

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


Presenter
Presentation Notes
Lapse rate is the temperature difference with height. Normally this is expressed 


So why does Fairbanks have an air
pollution problem?

e Among the strongest surface based inversions
in the U.S.

e Surface based inversions are present 80% of
time in December and January.

e Very low winds speeds.



Fairbanks Inversion

e Surfaced based lapse rates commonly exceed
10C/100m, and at times as strong as 30C/100m
in the lowest 30m.

e Extreme cases have as much as 40C difference
between the surface and the top of the inversion.

* |nversion top is often 3000 ft MSL or higher, but

the greatest change in temperature is normally
below 1500 ft MSL.


Presenter
Presentation Notes
Lapse rate is the change in temperature with height. We express this in terms of the change in degrees C /100m. A normal lapse rate is negative and cools with height. An inverted lapse rate is +, warms with  height, and is called an inversion.


Temperature vs. Height Dec 29, 2008
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Presentation Notes
Sounding in Dispersion Forecast showing a very strong surface based inversion on a day when 
There were very high PM2.5 values and a violation occurred. 
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Presenter
Presentation Notes
This is the sounding from 4pm Dec 29,2008 when we had a PM2.5 violation reaching 135 ug/m3.
Note that moisture for the entire sounding only = 1.02 mm or 1/25 of an inch.
Weather forecasters use the entire sounding up to 200 mb or about 30,000 ft.


Why does Fairbanks have such strong
Inversions?

e Fairbanks is located at the bottom of a bowl
formed by a ring of 3000 ft high hills.

e Little incoming solar radiation from Nov-Feb,
combined with plenty of outgoing surface
radiation allows cool air to form at the

surface.

e Cool air is heavy and pools in the bowl over
Fairbanks.





Presenter
Presentation Notes
Outline in red showing the Fairbanks Bowl where air remains fairly stagnant.


Fairbanks Bowl shown by Jan 2008
_IR Satellite
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Presenter
Presentation Notes
Fairbanks bowl shown by cold areas that are white and much warmer hills which are black and demonstrate 
An inversion using satellite.
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Presenter
Presentation Notes
Mixing Height is the height to which a warmed parcel of air will rise. This is how high in the air column smoke will rise and mix within.


Low Mixing Heights Seen Jan 2009
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Presentation Notes
We can see low Mixing heights and poor dispersion out the NWS window when smoke plumes over town
are trapped below tree top level (less than 80ft). This is often a good indicator of very poor dispersion
when combined with low winds speeds and a strong surface based lapse rate.


Wind Speed

e Among the lowest wind speeds in U.S.

e Mean wind speed for Nov-Feb is 2.8 mph at
airport.

 Winds downtown often lower than at airport
(<£2.0 mph 60% of time Nov-Feb 1995-2001)



Winter Air Pollution in Fairbanks

* Very Poor Dispersion




Met Tower Lapse

Met Tower 10m

Dispersion Class

Violation Possible?

Rate (deg C/100m) | Winds (mph)
>10 <or=2 very poor yes
>2 poor to fair no
5t09 <1 Very poor yes
1.1-2 very poor to poor yes
>2 poor-fair no
OtoS <1 Very poor yes
1.1-2 poor no
>2 fair no
Oto-1 <1 poor no
1.1-2 fair no
2-9 good no
>10 excellent no
any 3-5 fair- good no
5-9 good no
>10 excellent no

Table 1. Dispersion Forecast Guidelines
Developed for CO.



Presenter
Presentation Notes
These Guidelines for Dispersion forecasting were developed and refined over a period of 20 years. 
Initially lower lapse rates occurred with CO violations, but as CO violations  became less common in the 1990s, 
the guidelines were refined to reflect a higher lapse rate and lower wind speed required for violations.
In lieu of more data about PM 2.5 violation conditions, the NWS has continued to use this same table for Dispersion.
This will need continued refinement as we get more PM2.5 data,  and more Meteorological elements may be added 
such as mixing height, Surface temperature, SLP, winds below 1000 ft etc. The new GPS sondes may aid in this refinement. 
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MIDDLE TANAMA 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 BELEVATIONS. LIGHT WINDS.

TEMPERATURE ! PRECIPITATION
FAIRBANKS -40 =~32 =42 =-33 / 1] 0 4] v]

DISPERSION FORECAST

TONIGHT: VERY POOR

TOMORROW: VERY POOR
SYNOPSIS: A VERY COLD ATRMASS WILL CONTINUE TO MAINTAIN A STRONG INVERSION WITH

CALM WINDS AND NO MIXING OF THE AIR.
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Presentation Notes
This is the sounding from 4pm Dec 29,2008 when we had a PM2.5 violation reaching 135 ug/m3.
We had cold temperatures and a very strong lapse rate coupled with low winds below the surface 
based inversion and a very low mixing height.



Dispersion Rules of Thumb

e Dec-Feb accounted for the majority (96%) of
days violating federal CO standards (1986-

2001).

e All of the CO exceedances (1996-2001)
occurred with a synoptic weather pattern
where Fairbanks was in the NE quadrant of a
low pressure system lying in the Gulf of Alaska
and with high pressure in Northeast Alaska.



Dispersion Rules of Thumb
Worsening

 Low level warm advection causes dispersion to
worsen

e Very poor dispersion often occurs with low level
warm advection following a cold spell
(temperatures <-30C for several days). Conditions
worsen as the warm advection continues, causing
the inversion to strengthen and the mixing height
to lower (common with southerly “Chinook
flow”).



Dispersion Rules of Thumb
Worsening
e Very poor dispersion is possible on calm, clear

days in late February when sunset occurs
about 5pm.

 Winds downtown are often lower than
reported at airport.


Presenter
Presentation Notes
Daytime sunshine can break the surface inversion during the afternoon in Feb, but a very shallow, steep, surface based inversion will redevelop at sunset.


Dispersion Rules of Thumb
Improving

Surface inversions weaken and dispersion improves
when:
A) clouds with ceilings lower than 8000 ft

move over Fairbanks,
B) winds = 10 mph surface downtown (even for
just an hour) temporarily improving dispersion

enough to significantly reduce pollution levels,

C) snow or ice fog occurs.


Presenter
Presentation Notes
All of these factors cause the inversion to weaken


Dispersion Rules of Thumb
Improving

e Low-level cold advection weakens the
inversion and improves dispersion.



Winter Air Pollution in Fairbanks

* Very Poor Dispersion

e PM 2.5 Violation Day Conditions




PM2.5 2007-2009 Violation Day
SLP Composite




Dec-Feb 2007-2009 Composite SLP



Presenter
Presentation Notes
This Composite of all days for DJF shows same general SLP pattern as days having violations. The previous slide of Composite of violation days shows a trend to slightly higher pressure over the NE Interior, which is the pattern we would expect with a cold wave.


PMZ2.5 vs. Surface Lapse Rate
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Presenter
Presentation Notes
Scatter plot of 24 hr PM 2.5 averages vs lapse rate. Red line is violation value. Black line is a linear regression ave value.
Most values occur with a lapse rate of 0 to 10C/100m, but the probability of occurrence increases with lapse rate.


Lapse Rate vs. PM2.5 Violation Days
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Presentation Notes
The stronger the surface based lapse rate the greater the probability of a PM2.5 violation.



Percentage of days in violation
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Presenter
Presentation Notes
The Colder the surface temperature below 0F, the greater the probability of a PM2.5 violation.
Cold temperature is much more strongly correlated with high PM2.5 values than lapse rate is with PM2.5  .
This differs from CO where violations  occur almost exclusively between -20 to +20F.
We do not know why this is. This may be do to increased emisions of particulates or to secondary chemical 
reactions that convert gaseous pollutants into PM2.5 at very cold temperatures. 



.

Composite Dec-Feb 500 MB Height
field
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Presentation Notes
500 mb height composite for Dec-Feb


.

Composite Violation Day 500 MB
Height field



Presenter
Presentation Notes
This shows violation days had higher 500 mb heights over the interior of Alaska than in the Overall composite with the long wave trough further east. This would explain a higher SLP over the NE interior.


B
Pressure (Height) vs Temperature

Violation day points Blue

PAFA radiosonde data for NDJF 2007/2008 and 2008/2009
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Presenter
Presentation Notes
Plot of Pressure (Altitude) vs Temp. Red dots are all sounding points and blue dots are violation day sounding points.
The red line follows the average temp of all sounding points, while the blue line follows the average of all 
Violation day sounding points. These averaged lines shows that the violation days are 13F degrees 
colder than the average at the surface, and 5F colder than average at the top of the inversion which is around 3000 ft msl.
This also shows that the inversion lapse rate is stronger than average during violations. 


Pressure vs Temp - Oct

PAFA radiosonde data for 10/2007 and 10/2008
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Presenter
Presentation Notes
Same as previous slide but one for Oct. Note violations near the average sounding but slightly cooler with a stronger lapse rate.


Pressure vs Temp - Nov

PAFA radiosonde data for 11/2007 and 11/2008
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Presenter
Presentation Notes
Similar to previous but for Nov. violations days close to normal sounding.


Pressure vs Temp - Dec

PAFA radiosonde data for 12/2007 and 12/2008
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Presentation Notes
For Dec, violation days are bimodal with  some much colder and some much warmer compared to normal.


Pressure vs Temp - Jan

PAFA radiosonde data for 1/2008 and 1/2009
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Presenter
Presentation Notes
Note Violation days are now much colder than norm with a much stronger lapse rate.


Pressure vs Temp - Feb

PAFA radiosonde data for 2/2008 and 2/2009
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Presenter
Presentation Notes
Feb even more extreme with Violation days much colder than norm with a much stronger lapse rate.



What do Soundings show us?

e Seasonal trend to violation soundings.

e Oct-Dec PM2.5 Violations occur with little
difference from normal lapse rates, and with a
wide range of sounding temperatures.

e Jan-Feb PM2.5 Violations occur with stronger
lapse rates and much colder temperatures
than average soundings.



Why Seasonality?

Oct-Dec period has more cloud cover and
snowfall on average than Jan-Feb.

RH averages 75% Nov, falls to 70% in Feb.

Are PM2.5 inputs seasonal? (i.e. Do people
run low on wood after Christmas and only
burn during very cold periods?)

Other reasons?



Winter Air Pollution in Fairbanks

* Very Poor Dispersion

e Human Introduced Pollutants




Human Introduced Particulates

e Poor correlation of Meteorological effects on
PM2.5 values when pollutant amounts vary
with time, depending on type and amount of
combustion. We don’t know sources nor
amounts of pollutants through time!


Presenter
Presentation Notes
Could have same meteorological conditions on different days, but get far different PM 2.5 values 
depending on amount and type of particulates emitted that day. Output of PM2.5 may vary considerably due 
to differences in amount and type of fuel burned on any particular day.

We still don’t know contributions from various sources such as power plants, wood stoves, hydronic heaters, 
oil furnaces and we don’t even know contributions from cars (EPA Cold Weather testing is at +15F for car emissions).
You might think this should be easy to find out, but it turns out that a lot of 2.5PM is not from the particles that are 
initially emitted by burning fuel, but from secondary chemical reactions that occur when gasses emitted from 
combustion react with other chemicals in the extremely cold air and form secondary particles. We do not even 
know all the chemical reactions that take place. We do see trends though that show PM2.5 Maxima on busy roads, 
and at times of highest vehicle useage. We also have very high levels of ammonia, which normally only occur in 
summer air pollution in the lower 48, but we have no obvious sources of ammonium. The Chemical reaction and speciation 
part of this problem is going to be difficult to determine and take some time. 
There are some methods the FNSB has people working on that will determine by the new year contributions from wood heat sources
using C14 dating (Fossil fuels have no C14 while wood has C14) , and using chemical tracers only found in wood combusition.




Conclusions?

Poor Dispersion is present much of the winter.

Poor Dispersion is a necessary, but not sufficient
condition for PM2.5 violations.

Colder surface temperature appears to increase
the violations of PM2.5, unlike CO.

Seasonal trend to Violations at colder conditions
later in winter.

Variation of the Input of particulates is not well
understood, but important part of equation.



Where do we go from here?

e CO was reduced dramatically in FNSB by
reducing CO emitted, not by changing
weather!

 Need to better understand sources of
particulates and variations in emissions.

e NWS produced Dispersion Forecast might
improve slightly with real-time downtown Met
Tower Data. Maybe web based access.


Presenter
Presentation Notes
FNSB has said we may be able to get Web access to downtown met tower data this winter. 
They have a number of other portable data sites but not sure if we will access or not. 


Winter Air Pollution In Fairbanks-
The End
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