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Urban Boundary Layer B Reading

o Mixing layer height ML: vertical
boundary for pollutants

« Urban energy balance & surface
roughness - turbulent mixing

Ceilometer laser (~910 nm)
absorption & scatter

« Cloudice/droplets, rain
« Aerosols

« Molecules/atmospheric gases,
water vapour




Mixing & aerosol B Reading

-----------
------------------------------

ML mixing layer
IBL Internal boundary layer
Cl capping inversion 3




Ceilometer networks

University of Reading
e CL31,CT25K (Vaisala)
since 2008

Central London (4 sites)
e Resolution: 15s, 10 m

A Rural site Land cover
4 @ Urban site building
Scintillometer path B road
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http://www.met.reading.ac.uk/micromet
http://www.metoffice.gov.uk/public/lidarnet/lcbr-network.html

Backscatter processing

CL31 Vaisala Ceilometer

v (Tross-talkicorrectioni=«i ol

2) Reverse background ‘cosmetics’
3) Smoothing in space & time

4) Signal - to - noise ratio

5) Absolute calibration

6) Water vapour correction
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Mixing layer height detection @E’E‘st'ﬁ’{’g‘

Adapted gradient method
(e.g. Emeis et al. 2008, MZ)

o dB/dR<-10°

o d’B/dR? crossing

Range [m agl]
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O 200 L .
. 10 for R<300 m at night ol =T

B dp/ar 1 dEB/dRE

o« dR=100 m - first detectable layer at 150 m

Track through time [ height (e.g. THT, Martucci et al. 2010)

* Iterative layer connection:
* Follow strongest gradient
¢ Increasing window (time & range)




Layer attribution B Reading

« ML lowest layer at sunrise and before midnight
« ClI  highest layer around midnight
IBL others (upto5)

v ML & CI 4 IBL
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Layer attribution B e

Reading
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Instrument inter—compa rison B3 Reading
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Height [m a.g.l.]

Evaluation - Doppler LiDAR

» Turbulence derived MH,

Barlow & Halios, Univeristy of Reading

o ClearflLo, Bohnenstengel et al. 2014, BAMS, ww.clearflo.ac.uk |
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Evaluation - Doppler LiDAR
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 Turbulence derived MH, Barlow & Halios, Univeristy of Reading

o ClearflLo, ww.clearflo.ac.uk
(Bohnenstengel et al. 2014, BAMS)

o Well - mixed:
- good agreement

» Need to check:
- night-time
- cloudy conditions
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Evaluation - Aircraft Data (AMDAR)

« source http://[amdar.noaa.gov/

« Hourly average data around London, clear-sky days
» Takeoff and landing times (i.e. not throughout night)
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Evaluation — Aircraft Data (AMDAR ) JL:Fesis

e source http:/[amdar.noaa.gov/ &I“(w'\%{m

« Hourly average data around London, clear-sky days
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Climatology
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Climatology B3 Reading
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Spatial variability B Reading
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Benson & Odiham Met Office stations
+ ~ 60 km west of London

www.metoffice.gov.uk/public/lidarnet/lcbr-network.html
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Spatial variability
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Conclusions B8 Reading

Long-term ML & Cl climatology, 4 sites in central London
Good sensor agreement (depending on generation)
Evaluation against AMDAR and turbulence ML promising
Clear seasonality & diurnal patterns

Consistency with turbulent surface fluxes

Urban > rural for convective boundary layer

Relation to atmospheric stability and other met observations

e layer attribution at rural sites
o (Case studies (Met Office; Clearflo, e.g. seabreeze)
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Instrument details B8 Reading

LUMO KSS45W  CL31  1.6,1.715 H2_on

LUMO  RGS Cl31 16,1715  H2_ on
LUMO  NK c31  [20I22036Y H2 on
LUMO MR c31  [BOIE036N H2 on
MetOffice BD CL31  1.70 H2_off

MetOffice MW CL31

RO +2off
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Backscatter processing B Reading

CL31 Vaisala Ceilometer

1) Cross-talk correction

Vaisala co-axial optical concept: |
« No overlap correction \ i
 Backscatter useful up from 1t gate el

Receiver

300 However...

Mirror

Transmitter

—
-
-

Range [m]

Miinkel et al. 2007, BLM
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Backscatter processing

Cross-talk:

systematic
firmware
dependant

Range [m]

Range [m]

Range [m]

Range [m]
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Mixed layer height detection B Reading

Adapted gradient method
(e.g. Emeis et al. 2008, MZ)

» Vertical gradient<-10°
» Derivative crossing 0
(or 108 for R< 300 m/night)
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Mixed layer height detection B Reading

Track through time [ height (e.g. THT, Martucci et al. 2010)
* Iterative layer connection

1) £15s>x£70m
+ conflict: strongest gradient

400 m

Om U
Os 4800 s .




Detection range B3 Reading

260 m Current setup
« Smoothing:
210 m .
— 110 m window
160 o Gradient & derivative:
m .
100 m interval
110 m

60 m

lowest detection:
150 m

New strategy to target low levels

10 m
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