
Ceilometers for Improved Burn Ban Forecasting: 
The hypothesis and setup

Hypothesis: A semi-quantitative measure of the boundary layer structure can help 
identify the synoptic patterns that allow for rapid build up of residential wood smoke 

(and other BL pollution).

Phil Swartzendruber

Puget Sound Clean Air Agency



Oct 13, 2022

New Ceilometer for Forecasting and Wildfire Smoke

WA Ecology Grant to Prevent 
Non-!ǘǘŀƛƴƳŜƴǘ όtb!ύΧ όǘƘŀƴƪ ȅƻǳ 9/¸Ηύ

The plan:

Å Deploy ceilometers in two at-risk cities/areas.

Å Monitor meteorological conditions for a year (focused on winter).

Å Refine a description of the synoptics that allow for high winter-
time PM.

Å Identify predictive metrics, or model failures where improvement 
could be made
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The equipment:

Å We looked at Campbell Scientific, Lufft, and Vaisala

Å YŜȅ ŀōƛƭƛǘȅ ǿŀǎ ƭƻǿŜǎǘ ƻǾŜǊƭŀǇ όŘŜǘŜŎǘƛƻƴ ŀōƛƭƛǘȅύ Χ /[-31 is best, 
roughly 50 m

Å High signal:noiseis also critical, since signal from fine PM is << signal 
from larger water/ice clouds droplets/particles

Å Vaisala had: 

ü same instrument as current (CL-31) with good overlap 

ü a new instrument with dual-polarization (CL-61), which could be 
helpful with seeing smoke vs water cloud
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Overlap? 

ÅDetection cone and outgoing beam 
ŀǊŜƴΩǘ ǇŜǊŦŜŎǘƭȅ ŎƻƴŎŜƴǘǊƛŎ ŀƴŘ Ŏƻ-
linear

ÅBetter cone = more complex optics

ÅSurface radiatively driven inversions 
Ŏŀƴ ōŜ олƳ ƻǊ ƭŜǎǎΧ

Å50m can be fairly predictive of lower

ÅMost ceilometers intended for 
detection at > 100m

50 ς150m ???
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Progress:

1. Deployed a CL-31 and -61 side 
by side at Marysville  for about 
1-month

2. Setup data flow, display, and 
archiving (more on this)

3. Moved CL-31 to Darrington

4. Almost ready to make display 
page public

5. Looking at data and trying to 
ƳŀƪŜ ǎŜƴǎŜ ƻŦ ƛǘΧ



Ceilometer data 
display tools

1. Select ceilometer

2. Select height

3. Iƛǘ ά{ǿƛǘŎƘ LƴǎǘκΧέ

4. ά¢ƻƎƎƭŜέ ǿƛƭƭ 
toggle between 
backscatter and 
depolarization or 
smoothed backscat

5. ά-м 5ŀȅέ ŀƴŘ ά-2 
5ŀȅέ ǿƛƭƭ ǎƘƻǿ 
older 



Ceilometer data 
display tools

1. More info in About 
+ Downloads

2. Note graphic name 
in upper right 
above the figure

3. Can download 
archived images 
using web address, 
ŘŀǘŜΣ ŀƴŘ ƴŀƳŜΧ



Ceilometer data 
display tools

1. More info in About 
+ Downloads

2. Archive images 
retrieval address

3. Other notes



Marysville inversion event?



Marysville, clouds prevent inversion event?



Darringtonwildfire smoke event 













Depolarization

Å Χ ǎǘƛƭƭ ŦƛƎǳǊƛƴƎ ǘƘƛǎ ƻǳǘΣ ōǳǘ Ƴȅ ōŜǎǘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ōŀǎŜŘ 
ƻƴ ±ŀƛǎŀƭŀ ŀƴŘ ŀ ƭƛƳƛǘŜŘ ƭƛǘΦ ǎŜŀǊŎƘΧ

Å Depolarization is ratio of perpendicular 
polarization(changed) to parallel (same)

Å Non-spherical and dryish particles can change polarization 
due to multiple scatterings and interactions (liquid layer?)

Å Further through water clouds will report depolarization 
due to multiple interactions ςNOT a frozen top

Å Large droplets that flatten might depolarize (?)

Å Small particles (<1 um) not capable of multiple 
scattering/influence as are < wavelength of the light

Å Spherical water droplets, e.g. small rain and cloud drops 
will have little depol. The ratio is close to 0














