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Mie results: Phase function (m=1.33)
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A=055pm x =457
=04 pum
A=055um > - x=9.14
r==0.38 pm
y»— x=1599
r=1.4 pm

Fg. 6.3 - Diagrammi polari delfintensita nel piano di diffusicne per particelle
sieriche a debolmente assorbenti, di raggio r, e per radiazione incidente non
polarizzata di lunghezza d'onda A=0.55 pm; x=2rr/A, & il parametro di Mie.
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relative transmission

T = exp(—71) T="1T, + T, @ITIN=RIS
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Parameter Values in °K
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Figure 4.12  Spectra of brightness temperature observed from a high spectral resolution infrared
spectrometer from the high-flying ER-2 aircraft over a domain, 37.1°-37.4° N, 95.0°-95.3° W, on April
21, 1996, indicating wavelength-dependent window brightness temperature changes according (o various
cloud types. The type of cloud indicated for each spectrum is identified from the Cloud Lidar System
aboard the ER-2 (data taken from Smith et al., 1998).
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Di Biagio et al., 2014
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Lidar, eventually
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Observations of the Aerosol Layer at 20 km by Optical Radar

G. Frocco anp G, Grams

Massachusells Institute of Technology
25 March 1964

The existence of an aerosol layer at an altitude of
about 20 km has been well established by optical tech-
niques (Gruner, 1942; Bigg, 1956; Volz and Goody,
1962) and by direct sampling from balloons and aircraft
(see, for example, Junge and Manson, 1961). Pre-
liminary results from observation of this layer with an
optical radar are reported in this note.

The optical radar system, which uses a pulsed ruby
laser as a source of radiation, presents some changes and
improvements over the instrumentation previously
utilized (Fiocco and Smullin, 1963; Fiocco and Colombo,
1964). The system consists of a Q-switched ruby laser,
a transmitting telescope to collimate the outgoing beam,
a receiving telescope of the Dahl-Kirkham type with
40-cm aperture, and a detector incorperating narrow
band interference filters, a mechanical shutter, and a
photomultiplier of S-20 type. The laser emits a pulse of
approximately one-half joule with a wavelength of
0.694 micron and a duration of 50 nanoseconds. The
mechanical shutter is incorporated into the detector
to prevent exposing the photomultiplier to the strong
echoes from short distances.

The intensity of the received signal displayed as a
function of height is related to ihe collective back-
scattering radar cross section of the atmospheric con-
stituents. When the component due to molecular scatter-
ing is separately evaluated, anomalous contributions
due to the presence of aerosols, in some cases, can be
isolated. A profile of the relative intensity of the echoes
from altitudes of 14 to 25 km is presented in Fig. 1,
curve a. This profile has been obtained by averaging
20 successive traces to eliminate fluctuations; the traces
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Measurement of Aerosol Motion and Wind Velocity in the

Lower Troposphere by Doppler Optical Radar

G. BENEDETTI-MICHELANGELL, F. ConGEDPUTI AND G. Fiocco!

Furopean Space Research Institule (ESRIN), Frascati (Rome), Ttaly
(Manuscript received 19 October 1971, in revised form 6 March 1972)

ABSTRACT
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NATURE PHYSICAL SCIENCE VOL. 229 JANUARY 18 1971

LETTERS TO NATURE

Measurement of Temperature and
Aerosol to Molecule Ratio in the
Troposphere by Optical Radar

WE wish fo describe preliminary optical radar measurements
of atmospheric temperature and aerosol to molecule ratio.
Optical radar can radiate pulses of highly monochromatic
laser light and resolve the frequency spectrum of the light
T d by atmospheric constituents. Because of the
Vorume 20 ounts of Doppler broadening which affect the

¢ echoes from aerosols and molecules, it is possible

between molecules. This is possible when the ratio of the
wavelength to collision mean free path is small, which is the
case in the upper atmosphere. At higher pressures, pressure
fluctuations modify the spectrum by introducing two displaced
components (the Brillouin doublet). At tropospheric heights
the peaks are not expected to be distinguishable, but there
should be a broadening of the spectrum and slight modifications
in its shape. Yip and Nelkin® have computed spectral profiles
for scattering from a monoatomic gas for various values of the
parameter y, a measure of the ratio of the wavelength to the
collision mean free path. From their graphs we have evaluated

AL _ L __ 3.t _._ar

Vrarosphcric Enviconment Vol, 3, pp 793 "9 Pergamon Press 1974 Printed in Grear Briuin

DETERMINATION OF VERTICAL EDDY DIFFUSION
PARAMETERS BY DOPPLER OPTICAL RADAR

G. BENEDETTI-MICHELANGELI and F. CONGEDUTI

CNR-LPS. Elettrofisica Atmosferica. ¢.p. 27, Frascati, lzaly

and

G. Fiocco

An optical radar has been used to measure the radial wind velocity component in the lower troposphere
by detecting interferometrically the bulk Doppler shift affecting the echoes from atmospberic aerosols.
The measurements, carried out at night, have hasically utilized a highly coherent single-frequency Ar* laser
in the transmitter, and a small telescope, a scanning spherical Fabry-Perot interferometer, and a photon

counting system in the receiver.

1. Introduction

Continuing our investigations on the use of optical
radars to measure atmospheric properties, we wish to
report preliminary measurements of wind velocity in

ing the displacement of the narrow aerosol peak rather
than by looking at the much broader molecular spec-
trum. In this respect even minor aerosol concentra-
tions, as may always be present at least in the lower

atmaenhara ara enfAcient ta sccnra an arcnirata mea.

Istituto di Fisica. Universita. Firenze. Italy

(First received 25 June 1973 and in fina! form 11 December 1973)

Abstract—Simultaneous measurements of aerosol concentration and vertical wind velocity by
Doppler optical radar permit the determination of the vertical eddy flux of aerosols and of the
diffusion coefficient. Results of experiments are presented.

INTRODUCTION
In a previous paper (Benedetti-Michelangeli, Congeduti and Fiocco, 1972) we reported
measurements of aerosol motion and wind velocity in the lower troposphere by Doppler
optical radar. The measurements relied on the interferometric analysis of the radial
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relative transmission
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® Incoherent elastic backscattering lidar
No information from the phase of the signal
Emission and detection at the same wavelength

® Incoherent «broadband» elastic backscattering lidar
Outside of gas absorption lines: aerosol/clouds
single/multi wavelengths
depolarization

without aerosol: density, temperature
In/out of absorption lines (differential absorption): gas concentrations
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® Incoherent «narrowband» elastic backscattering lidar

HSRL: aerosol

Doppler shift: wind velocity (*)
line shape: temperature

(*) not exactly the same wavelength, but elastic scattering processes
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® Incoherent anelastic backscattering lidar (1)

No information from the phase of the signal
Emission and detection at different wavelengths

® Incoherent «broadband» anelastic backscattering lidar
Raman: aerosol extinction; profile of specific gases
Fluorescence: aerosol typing (vegetation, ocean properties)

® Incoherent «narrowband» anelastic backscattering lidar
Raman: temperature profile
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® Incoherent anelastic backscattering lidar (2)

No information from the phase of the signal

Emission and detection at the same wavelength, in correspondance
with an atomic energy level transition (resonance scattering)

® Incoherent «broadband» anelastic backscattering lidar

Resonance scattering: concentration profile for Na, Ca, Ca+, Fe, K, ...
® Incoherent «narrowband» anelastic backscattering lidar

Resonance scattering, hyperfine structure: temperature profile
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® Coherent elastic backscattering lidar
Information in the phase of the signal

Emission and detection at (almost) the same wavelength, elastic
scattering

® Coherent «narrowband» elastic backscattering lidar
Temperature profile, aerosol profile, wind
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® The lidar equation in the simplest case: single wavelength, vertically
pointing elastic backscattering lidar, no aerosols

90
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@ 80 cm telescope for high tropospherejarrl N=rRIS

middle atmosphere

small refractive telescopes for the troposphere

Nd:YAG laser (355, 532, and 1064 nm)
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The Thule High Arctic Atmospheric Observatory @I TINERIS
THAAO (76.52° N, 68.76° W, 220 m amsl) within the Pituffik Space Base.

MODIS Terra tru éﬁlmage X -
(htus //worldwew thdata.nasa. g : o ‘ * ARCSIX

Yo P P Arctic Radiation-Cloud-Aerosol-
SEAM

* mEoicvoN Surface Interaction Experiment
YEAR OF

* .* POLAR  sphjpping Emissions in the Arctic
o onenienon e ECAPAG https://www.thuleatmos-it.it
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By combining the equation of state for ideal gases and the hydrostatic equation, in

aerosol-free regions the lidar signal can be used to derive the atmospheric temperat@® | TIN=R1S
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Di Biagio et al., 2010

Temperature profiles in the
Arctic: the exceptional 2009
stratospheric warming

Figure 1.
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Di Biagio et al., 2010
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Figure 2. Temporal evolution of stratospheric temperature interpolated at different ¢ levels between
400 and 2000 K (temperatures at 400, 500, and 600 K are from National Centers for Environmental
Predictions (NCEP) reanalyses) in the period 14 January to 5 March 2009 (days 14-64). Maximum lo
uncertainties at the different levels are indicated by vertical bars. Maximum temperature obtained at each
level due to downward propagation of the warming 1s highlighted by a circle.



Muscari et al., 2007
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Figure 1. (a) Colored contour maps of lidar/balloon temperature: (b) GBMS Os5: (¢) CO: and (d) N,O, with the relative
color scale to the right of each panel. In Figures 1b—1d, lidar/balloon temperature contours of Figure la are superimposed
on the colored maps with solid black lines. White gaps in GBMS data indicate when no measurement is available for more
than 48 hours, because of either poor weather conditions, instrumental malfunctioning, or unreliable spectral data.
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® The lidar equation for: single wavelength, vertically pointing elastic
backscattering lidar, with aerosols

120
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Fernald, 1984
X(Z)exp[ 2(51 Sg)_}iliz{z}dz}

P (Z) +Py(2) = . ‘
X(Z.) Z = .
B, (Ze) +B,(Z,) 251 J7, X(z)exp|—2(S1 —S2) [, Pa(2')dz’]dz
X(z) = P(z) z* RCS
1 — Rayleigh
2 — Mie

S, — extinction-to-backscattering ratio for molecules (Rayleigh)
S, - extinction-to-backscattering ratio for particles (Mie)



Di Girolamo et al., 1994
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(curve b) for January 28, 1992. Curve c¢ is the molecular

profile corrected for aerosol extinction.
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di Sarra et al., 1998
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Stratospheric aerosols from the Pinatubo volcanic eruption above the Thule High Arctic Atmospheric Observatory
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Ground-based and Airborne Measurements of the Aerosol

Radiative Forcing (GAMARF) 2008 @ITINERIS
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Di Iorio et al., 2009
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Figure 5. Lidar ratio frequency of occurrences for Class 0
(white bars) and Class 1b (red bars; sce text).
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Integrated retrievals (e.g. GRASP)
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Particle linear depolarization ratio
_ Miecross

Mie.,

Essential quantity in
aerosol typing and
separation of aerosol
components
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Already available from L1 data

140 —————— Ty

355 nm

Lidar ratio (sr)
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Floutsi et al., AMT 2023~
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® Incoherent elastic backscattering lidar
No information from the phase of the signal
Emission and detection at the same wavelength

® Incoherent «broadband» elastic backscattering lidar
Outside of gas absorption lines: aerosol/clouds
single/multi wavelengths
depolarization

without aerosol: density, temperature
In/out of absorption lines (differential absorption): gas concentrations
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® Incoherent «narrowband» elastic backscattering lidar

HSRL: aerosol

Doppler shift: wind velocity (*)
line shape: temperature

(*) not exactly the same wavelength, but elastic scattering processes
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HSR lidar
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532 nm Lidar ratio (sr)
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At 532 nm, v, of 1 m/s produces a dvp of 3.8 MHz
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Measurement of Aerosol Motion and Wind Velocity in the
Lower Troposphere by Doppler Optical Radar
G. BENEDETTI-MICHELANGELI, F. CoNnGEDUTI AND G. Flocco!
Liurapean Space Research I'nstitute (ESRIN), Frascati (Rome), Italy
(Manusecript received 19 October 1971, in revised form 6 March 1972)
ABSTRACT

An optical radar has been used to measure the radial wind velocity component in the lower troposphere
by detecting interferometrically the bulk Doppler shift affecting the echoes from atmospheric aerosols.

The measurements carried aut at nicht. have hasicallv utilized a hichlv coherent sincla.freanencv Art laser
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“Wata antenna (X-band)
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ALADIN structure
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ALADIN contrel and data management
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Shangguan et al., 2022
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@® Incoherent anelastic backscattering lidar (1)
No information from the phase of the signal

Emission and detection at different wavelengths

® Incoherent «broadband» anelastic backscattering lidar
Raman: aerosol extinction; profile of specific gases
Fluorescence: aerosol typing (vegetation, ocean properties)

® Incoherent «narrowband» anelastic backscattering lidar
Raman: temperature profile
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De Rosa et al., 2020

7 November 2013
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Table 1. The main characteristics of the BASIL Raman lidar sys-

tem.

Laser

Wavelengths

Single pulse energy
Pulse repetition frequency
Beam divergence
Telescope

Primary mirror diameter
Combined focal length
Field of view
Interference filters
Centre wavelength (nm)
Bandwidth (nm)
Blocking at 354.7 nm

7 November 2013 WV mixing ratio [g kg-1)

Nd: YAG

354.7. 532 nm

500 mJ at 354.7 nm, 300 mJ at 532 nm
20Hz

0.5 mrad (FWHM)

Newtonian configuration

0.45m

1.8 m

0.5 mrad (FWHM)

Elastic, N», H>O, Lol, Hil

354.7, 532, 386.7. 407.5. 354.3, 352.9
1.0, 1.0, 1.0,0.25,0.2, 1.0

- 107%, 10719 10712 10781, 1078

16:00 17:00 18:00 19:00 20:00 21:00
Time [UTC]

Figure 3. Water vapour mixing ratio profile as measured by BASIL over the time period from 17:00 to 19:00 UTC on 7 November 2013,
as well as the closest profiles (in time) from [ASI (at 19:29 UTC), AIRS (at 14:09 UTC) and the ECMWEF (ERA-15 and ERA-40, at
18:00 UTC) model reanalysis (a). Time evolution of the water vapour mixing ratio profile as measured by BASIL over the interval from

16:00 to 22:00 UTC on 7 November 2013 (b).
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® Incoherent anelastic backscattering lidar (2)
No information from the phase of the signal

Emission and detection at the same wavelength, in correspondance
with an atomic energy level transition (resonance scattering)

® Incoherent «broadband» anelastic backscattering lidar

Resonance scattering: concentration profile for Na, Ca, Ca+, Fe, K, ...
® Incoherent «narrowband» anelastic backscattering lidar

Resonance scattering, hyperfine structure: temperature profile
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® Coherent elastic backscattering lidar
Information in the phase of the signal

Emission and detection at (almost) the same wavelength, elastic
scattering

® Coherent «narrowband» elastic backscattering lidar
Temperature profile, aerosol profile, wind
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EarthCARE

are |
, while
demonstrating breakthrough technology in
observing techniques. Every Earth Explorer
mission provides an important contribution
to further understanding of our planet

What »
The largest and most complex Earth

Explorer to date, it is ESA's doud, aerosol
and radiation explorer mission

\‘r;ll'. e B
EarthCARE is a joint venture between ESA and
1AXA [Japan Aerospace Exploration Agency]

Aim =
EarthCARE will improve current dimate and

numerical weather prediction models, advancing
our knowledge of:

(s

(@s

reflecting Solar radiation
back into space

which has never been
flown in space before

infrared radiation trapped
in the atmosphere

— the largest and
maost complex Earth
Explorer mission

Cesa

innovat

EarthCARE will employ high-performance lidar and radar
technology, which has never been flown in space before.
The High Spectral Resolution Lidar operates in the UV
and also filters co- and ross- polarised signals. The
Cloud Profiling Radar offers Doppler apability

#

:[I“‘:r'.."'.—'l-"'

EarthCARE carries a suite of instruments:

The two active instruments, ATLID and PR, probe the
atmosphere to oollect data at a microsoopic level,
observing dlouds, aerosols and predipitation. The two
passive instruments [MSI and BRR), provide
complementary optical and radiation measurements,
necessary for scentific products

Luriosity

Y

EarthCARE is 19 m long with the solar panel deployed.
The solar wing is an essential part of the satellite,
providing the energy for EarthCARE to do its job

earth.esa.int/eogateway/missions/earthcare
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ATLID (ATmospheric LIDar)
e

Routine operatio

Sun-synchronous

Mean Solar Local Time

(descending node)

Mean Spherical Altitude

25 days/389 orbits

Orbital Duration 55662.7 seconds

Altitude Range

Vertical Sampling Interval

Along Track Sampling
Interval

Channels

Operating Wavelength 354.8 nm
Emitted Energy 38m)
Recelver Footprint s30m
Diameter
s
ey PRF 61 Hz
Transmit Pulse Width 20 ns

-0.5t0 +40 km

103 m (up to 20.2 km)
500 m (20.2 km - 40 km)

286m
(2 shots accumulated
onboard)

HSRL particulate
HSRL Molecular
Depolarization channel



ATLID (ATmospheric LIDar)
UV HSRL with Linear Depolarization channel

O Asrosol or cloud particles
Scattered light

Is not thermally

,u, V 17 based togh Specval '.
o el O %2 Polariaed beam pbeter ,.”‘d“‘” 3
b paration Unil IO
Pure Particulate
sy (Mie) Paraliel
Parallel Ao
Channel
Signal
Pure Molecular
Rayleigh Parallel
g ATB
|
L)
l-i Pure Particulate
- Perpendicular (Mie)
Channel Perpendicular
Signal ATB

@ITIN=RIS



.”);h‘\l‘l"lklERlS

Birth of a Hot Pixel

Cross-Polar Channel

Frame 1355D 08/24 : 0305



@ ITIN=RIS

THANKS!




