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How the DO

~« Airquality is largely determined by emissions a% atmosp

« However local meteorological conditions and espe ocal
a key role

» The boundary layer :

. defines the volume where the emissions mix

e contributes to vertical a

ontal emissions Mmix

 bringsin longrange tre utants such as wild
: Already in 2016 WMO declared S a need for higher ver
the boundary layer" as sever ) events often take plac
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New air guality insights with Vaisala cellometers

L New depolarization measurements

CL61

Low/High altitude clouds Ilcing conditions Volcanic ash plumes
Boundary layer height Precipitation Sand/Dust/Smoke from
wildfires
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The challenge : boundary layer impact on ozone
concentrations

The U.S. Environmental Protection Agency
(EPA) requires to measure 0zone precursors
in cities with at least one million residents. BT T

Ozone precursors are primarily found in the b F 9 1% TEL A
boundary layer where air from the surface A A . S g

Yo ' ] T 2 ° |
blends with air higher aloft. e Bl e Y T
EPA requires accurate detection of the mixing AR RN e
layer height, which is key for determining the A5 . w}—é T

volume of the air available for pollutant cmin /e . Y p» rueno o
dilution and forecasting ozone formation. w g s B W "4 . e
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The solution and the result

More than 70 ceilometers monitor mixing layer height across the USA
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Puget Sound Clean Air Agency gains wildfire air
quality insights with Vaisala cellometers
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+ There has also been a significant increase in summer wildfires in the sut ounding thick forest

Picture credit Washington Department of Natural Resources



time generated:15:58:02 Marysville CL-61 Raw Backscatter for 20220927

The solution and the result

« Puget Sound Clean Air uses several Vaisala
ceilometers including the new CL61

« The agency uses this data to look at mixing
layer height as well as smoke plumes U e

« With this information forecasters can
understand the current state of the
atmosphere and forecast the smoke mixing
down to the surface later in the day.

* Theagency made the 24-hour visualization
available for public view on their website and >SMOKE PROFILE - MARYSVILLE  Srcrom
it was featured by a local news channel. b
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The challenge

« Funded by the European Research Council (ERC), researchers
at universities of Freiburg, Reading, Stuttgart, and Forth
joined forces to study neighborhood-to city

scale atmospheric dynamics and its impacts on citizen
exposure and vulnerability

« Theresearchersaimed to derive urban modifications of
boundary layer characteristics :

e ruralvsurban
« upwind vs downwind
e intra-urban differences.

5 x\Vaisala Ceilometer CL61s and 5x Vaisala Ceilometer CL31s
provide data about the boundary layer and clouds

Mobile Ceilometer CL6I being prepared
for measurements in front of a 40 m
meteorological tower operated by
Technische Universitat Berlin,

© Andreas Christen
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The solution and the result

The network has detected :

« |Impactful difference in boundary-layer height between urban and rural areas

« Decrease in boundary-layer depth in green areas compared to the built-up environment

« Long range transportation events such as dust plumes originating from the Saharan desert

Ceilometer CL61 boundary layer measurements

e by 4 A0 LA A AU

e (V) e VIC)
Backscatter profile of Saharan dust event, April 2022. Depolarization profile of Saharan dust event, April 2022.

More to come : a new campaign is conducted in the city of Paris with similar measurement set !
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Conclusion

Atmospheric boundary layer dynamics impacts :
pollutants level
« theirtravel
« theirdanger to communities

« A better understanding of local boundary layer dynamics is needed to develop the next
generation of weather and air quality models

« The combination of surface and boundary layer measurements, modelling and social
sciences, contribute to Integrated Urban Services that address weather, climate,
nhydrological and environmental processes in cities, impacting day-to-day operations as well
as future planning.
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\What is boundary layer and its impact on air quality 7

Residual boundary layer
_ I———
nlctlve boundaryiayer Nocturnal boundary layer
.e mixing layer hei

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________ Surface layer '

Residual boundary layer

Nocturnal boundary layer
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What is Depolarization?

Spherical scatterers

Due to the symmetry of the
scattering event, the detected
return signal is not depolarized.

Multiple scattering

Can cause depolarization even
when the scatterers are
spherical.

Non-spherical scatterers

Cause significant depolarization
due to multiple internal
reflections at solid-air interfaces

VAISALA

Internal

« Lidar ceilometers emitlinearly-
polarized laser pulses.

« \When a portion of this light
scatters back towards the
iInstrument, the polarization
direction may change.

« This depolarization depends
strongly on scatterer shape,

orientation, and laser wavelength.

17



More information with depolarization

CL61 Attenuated backscatter, Dgc 94 - 05 2019
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