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Typical frequency bands for remote sensing of the atmosphere ﬂ(l'l'
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subject of this talk

Basic remote sensing techniques

IT

name

princple

spatial resolution

direction

type

RADAR

backscatter, electro-magnetic pulses, fixed profiling

wave length

scanning, slanted

active, monostatic

SODAR

LIDAR

RASS

backscatter, acoustic pulses, fixed wave
length

backscatter, optical pulses, fixed wave
length(s)

backscatter, acoustic, electro-magnetic,
fixed wave length

profiling

profiling

profiling

fixed, slanted, vertical

scanning, fixed, horizontal,
slanted, vertical

fixed, vertical

FTIR

DOAS

radiometry

tomography

absorption, infrared, spectrum

emission, infrared, spectrum

absorption, optical, fixed wave lengths

electro-magnetic, fixed wave length(s)

travel time, acoustic, fixed wave length

path-averaging

path-averaging

path-averaging

averaging, profiling

horizontal distribution

fixed, horizontal, slanted

fixed, horizontal, slanted

fixed, horizontal

fixed, scanning, slanted,
vertical

fixed, horizontal
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passive
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SODAR

algorithms for mixing-layer height
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warlsruhe Institute of Technology

o monostatic SODAR: measuring principles
eight

e -
\\ O T Al A .r/

] [ © Scintec, Tubingen
emit receive
deduction: Emission of sound waves
eduction: into three directions:
Eourkld travel time = hek')grllt in order to measure all three
ackscatter intensity = turbulence components of the wind
Doppler-shift = wind speed

(horizontal and vertical)
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Rarlsruhe Instiiute of Technology

Sample plot SODAR (convective BL at daytime)

acoustic backscatter intensity sigmaw
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Sample plot SODAR (lifted inversion)

acoustic backscatter intensity sigmaw
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height height
Algorithms to upper edge of upper edge of
1 )i high turbulence . high turbulence
detect MLH | o .
from SODAR data - lifted
E . inversion
criterion 1: /= MLH surface
upper edge low | inversion
of high urb.” T :
turbulence L
well- ot ___;____
criterion 2: i mixed . nocturnal
surface and i layer . stable layer
lifted @0dB 10548 80dB 10548
Inversions _|acoustic backscatter intensity | acoustic backscatter intensity
0,2 mis 07 ms 03 mis DTms |
sigmaw sigmaw
MLH = Min (C1, C2) _ . :
example 1: daytime example 2: night-time
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Cellometer

algorithms for mixing-layer height
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Kartsruhe Instiute of Technology

Ceilometer/LIDAR measuring principle

height

emit receive
detection:
travel time of signal = height
backscatter intensity = particle size and number distribution
Doppler-shift = cannot be analyzed from ceilometer data

(only from Wind-LIDAR: velocity component in line of sight)
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Sample plot ceilometer (convective BL at daytime) ﬂ(IT
negative vertical gradient of
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height

Algorithms to
detect MLH
from Ceilometer-Daten

criterion

minimal vertical gradient
of backscatter

intensity (the most
negative gradient)

minimum
gradient

largest

™~
]
minimum

height

gradient G _--—-:I

= MLH

optical backscatter intensity
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optical backscatter intensity
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Different gradient methods (see Sicard et al. 2006, BLM 119, 135-157)
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comparison of two
different ceilometers

LD40

two optical axes
wave length: 855 nm
height resolution: 7.5 m
max. range: 13000 m

CL31

one optical axis
wave length: 905 nm
height resolution: 5 m
max. range: 7500 m
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Kartsruhe Instiute of Technology

19 May 2007: ceilometer LD40 and CL31

LD-40 Augsburg LFU backscatter density on 19.05.2007 in 107 m™ sr!
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CL31 Augsburg LFU backscatter density on 19.05.2007 in 10 m™! 1!
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Comparison
SODAR and
Cellometer

KIT — die Kooperation von f Forschungszentrum Karlsruhe
Forschungszentrum Karlsruhe GmbH # HELMHOLTZ in der Helmholtz-Gemeinschaft

und Universitat Karlsruhe (TH) | GEMEINSCHAFT I~



height height height

comparison of
algorithms

left: SODAR

middle and right: i

ceilometer / /
"

acoustic backscatter optical backscatter vertical gradient of
intensity intensity optical backscatter
intensity
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ApPP

lication examples
or SODAR and
Cellometer
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Rarlsruhe Instiiute of Technology

SODAR measurements in a wintry Alpine valley

29 January 2006
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Diurnal variation of mixing-layer height from SODAR and Ceilometer data (Budapest)

height above ground in m
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SBL:

stable boundary
layer (usually at
night and in winter)

CBL:

convective bound-
ary layer (usually
at daytime due to
strong insolation)

RL:

residual layer
(usually at night-
time)
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Simultaneous operation SODAR-Ceilometer: examples for summer days
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Emeis, S., K. Schafer, 2006: Remote sensing methods to investigate boundary-layer structures relevant to air pollution in cities.
Bound.-Lay Meteorol., 121, 377-385,
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comparison of optical (top) and acoustic (below)
backscatter intensity

CL31 Augsburg LFU backscatter density on 19.05.2007 in 108 m™ st CL31 Augsburg LFU backscatter density on 20.05.2007 in 10% m st
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comparison of MLH from Sodar and CL31 data
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Karlsruhe Insiiyte of

RASS

principles of operation

examples
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RASS (radio-acoustic remote sensing)
measures vertical temperature profiles

Bragg-RASS: windprofiler plus acoustic component

Doppler-RASS: SODAR plus electro-magnetic component

UHF RASS (boundary layer)

VHF RASS (troposphere)
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RASS: frequencies

Bragg condition:
acoustic wavelength =% electro-magnetic wavelength

electro-magnetic - acoustic frequency pairs for RASS devices

UHF-RASS VHF-RASS
wave length L 10cm im 10m
| | \ electro-
| ' ‘ magnetic
frequency v 10000 MHz 1000 MHz 100 MHz 10 MHz
1290 MH4 482 MHz 53,5 MH:z
wave length A 10 cm 1m 10m
I I T I I T acoustic
frequency v 10000 Hz 1000 Hz 100 Hz 10 Hz

dimension of atmospheric
turbulent structures

KIT — die Kooperation von
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incident
electromagnetic 4
waves

vV V VNV

acoustic
A wave

ANAAWA

RASS wavelength
ratio: A, =2 A,
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wave front
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Rarlsruhe Instiiute of Technology

SODAR-RASS
(Doppler-RASS)

(METEK)

acoustic frequ.: 1500 — 2200 Hz
radio frequ.. 474 MHz
resolution: 20m

lowest

range gate: ca. 40 m

vertical range: 540 m
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| temperature profile and dynamics  IT

lllllllllllllllllllllllll

example RASS data: summer day
potential temperature (left), horizontal wind (right)

300 m
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| temperature profile and dynamics

example RASS data: winter day
potential temperature (left), horizontal wind (right)

V

300 m

|
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| temperature profile and pollution  XIT

comparison of RASS data (potential temperature, right) |
with aerosol backscatter from a ceilometer (left)

CL31 Augsburg AVA log,  of backscatter with MLH on 01.03.2009in 10 m" sr”

a well-mixed

stable nocturnal
boundary layer

Height in m (240 m mean, tilted by 3°)
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0
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| temperature profile and pollution  XIT

comparison of RASS data (potential temperature, right) |
with aerosol backscatter from a ceilometer (left)

CL31 Augsburg AVA log, | of backscatter with MLH on 06.04.2009 in 10 m" sr”
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Summary
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Rarlsruhe Instiiute of Technology

Comparison of MLH retrievals with three different remote sensing techniques

SODAR
acoustic backscatter
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Emeis, S., Chr. Minkel, S. Vogt, W.J. Muller, K. Schafer, 2004: Atmospheric boundary-layer structure
from simultaneous SODAR, RASS, and ceilometer measurements. Atmos. Environ., 38, 273-286.
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Overview on methods using ground-based remote sensing ﬂ(IT
for the derivation of the mixing-layer height

method

short description

acoustic ARE method

analysis of acoustic received echo intensity profiles

“ HWS method

analysis of horizontal wind speed profiles

“ VWYV method

analysis of vertical wind variance profiles

“ EARE method

analysis of acoustic backscatter intensity and vertical wind variance profiles
(enhanced acoustic received echo method)

optical  threshold method

detection of a given backscatter intensity threshold

gradient method

analysis of optical backscatter intensity profiles

“ idealised backscatter method

analysis of optical backscatter intensity profiles

“ wavelet method

analysis of optical backscatter intensity profiles

“ variance method

analysis of optical backscatter intensity profiles

acoustic / electro-magnetic

ARE method applied to sodar and wind profiler data

acoustic / optical

EARE method plus gradient method

electro-magnetic / electro-magnetic

combination of a sodar-RASS and a wind profiler RASS: analysis of the
vertical temperature profile plus analysis of the electro-magnetic backscatter
intensity profile

acoustic / in situ

ARE method plus in-situ surface flux measurement

RASS

analysis of the temperature profile from the measured speed of sound
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Conclusions: A-KIT

RASS directly delivers temperature profiles,

MLH, inversions, and stable layers can easily be detected,
wind profiles are additionally available.

Does not work properly with high wind speeds.

SODAR detects temperature fluctuations and gradients,

but no absolute temperature. Inversions and stable layers can
indirectly be inferred with a MLH algorithm.

Does not work properly with perfectly neutral stratification, with
very high wind speeds, and during stronger precipitation events.

Ceilometer detects aerosol distribution and water droplets. It has
to be assumed that the aerosol follows the thermal structure of
the atmosphere. Inversions and MLH can indirectly be inferred
with a MLH algorithm.

Does not work properly in extreme clear (aerosol-free) air and
during precipitation events and fog.
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