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Maost of the

Visible Iaht  ynerared spectrum
Gamma rays, X-rays and ultraviolet observable 4.0 med by
light blocked by the upper atmosphere from Earth, s mosphweric
(best observed from space). with some  gasces (best
: atmospheric ouserved

distartion. from space).
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SPECTRAL DISTRIBUTION
OF SUNLIGHT ON EARTH

SPECTRAL INTENSITY

400 500 600 700 800
WAVELENGTH IN NANOMETERS (NM)
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SPECTRAL SENSITIVITY
OF THE EYE AT DAYTIME

ITy

SPECTRAL SENSITIV

400 500 600 700 800
WAVELENGTH IN NANOMETERS (NM)

‘ 380 to 780 nm ‘

range visible to humans:
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AULAII

QUANTO DA RADIAGAO A TERRA EMITE PARA
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AULAII

RADIACAO DE UM CORPO NEGRO
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A LUZ INTERAGINDO COM A MATERIA

The interaction
of radiation with
matter.

Click on any type of
radiation for more
information.,
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A LUZ INTERAGINDO COM A MATERIA
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A LUZ NA ATMOSFERA

QUANDO A LUZ INTERAGE COM UMA FINA CAMADA
DE GASES E PARTICULAs

ES BEALEERANENIIG

ABSOREA®




AULAII

Interacdes Opticas na
Atmosfera
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Scattering type Cross section (em?)  Ratio (%)

Rayleigh 1.156 % 10~%7 100 A= 700 nm
0O, RRS 7.10x10~%° 6.1

N; RRS 2.94x10~% 2.5

Air RRS 3.82x107% 3

VRS — 0.1
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ESPALHAMENTO RAYLEIGH - POR QUE O CEU E AZUL ?
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AULATII

RAYLEIGH SCATTERING - HISTORICAL BACKGROUND

Leonardo da Vinci (~1500)

Francois Arago (1809)

John Tyndall (1859)

8 John William Strutt — Lord Rayleigh (1871)
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AULATII

Q08— - blue 2 QR

An informal
measurement

of sky brightness
and saturation

The points chosen
approach the sun
direction and
avoid obvious
clouds.
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AULATII

Green Flash

The famous but seldom seen "green flash® or "emerald fiash® which occurs just
before the last part of the sun disappears from view at sunset is caused by the
same atmospheric refraction and scattering effects which produce the red
sunset.

e .
green mage norzen

AL & gven
chsaerver kcation, the
green which reaches © ha aye
vl have started oul sighily abowe the rec and
wil raach the eye at a steepar angle.

Blue Bght i3 bent mare than
green and lends o be
soatterad out of the
baam,

Although d spersion s
Guile small o the air path, blue
ght will be bent meee than red. Lght
of two different colors amenging from a point in the
same direction will not both hit the obsarvar

Sensoriamento Remoto da Atmosfera com Lasers



AULATII

RAYLEIGH SCATTERING - INTENSITY

The Intensity of the scattered light is proportional to the
inverse of the fourth power of the EM wavelength.

1)_ i3 l/)\.4
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AULATII
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AULATII

RAYLEIGH SCATTERING -~ DIMENSION ANALYSIS

E;V
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AULATII

RAYLEIGH SCATTERING —~ DIMENSION ANALYSIS

SCATTERED INTENSITY (POWER) ’

I, o< Eg

E?V?

b

WHY DON'T WE SEE THE SKY AS VIOLET THEN ?

“ The wonders of Photoshop
and Gimp ’
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AULATII

RAYLEIGH SCATTERING - POLARIZATION

IN SOME DIRECTIONS THE INTENSITY IS LARGER THAN OTHERS

A EGI pr
Direction of sunlight \71
»- {+)
©
t T
Direction of scattering
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AULATII

RAYLEIGH SCATTERING — POLARIZATION |
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AULATII

RAYLEIGH SCATTERING - POLARIZATION |
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AULATII

RAYLEIGH SCATTERING CROSS SECTION

)

_
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AULATII

RAYLEIGH SCATTERING CROSS SECTION

Rayleigh-scattering
calculations for the terrestrial atmosphere

20 May 1986 | Vol 34 No 15 | APPLED OPTICS 2708
Anthony Bucholtz !

JOUENAL OF ATMUSPHNRERIC ANDOCRANIC TACHNNDLOGY

On Raylkigh Optical Depth Calculations

Bazny A Boomare

NOAA iy Mumviter vur wnd Dagrasing ladwesin s, Boskde . Colonds

Sensoriamento Remoto da Atmosfera com Lasers

MR 20w S3ah . W U Nab, pp TE, W

SMONT FAMR

EAYIZ TN SCATTERING AY alx

D. R. Baten

Correct equations and common approximations
for calculating Rayleigh scatter in pure
gases and mixtures and evaluation
of differences

Wynn L. Eberhard




AULATII

X 24wnS — 17 (
oA = . \
- MNAn2 + 2P

6 + 3p,
6 — 7pn

Which units ?

A is wavelength (in cm)
N, = 2.54743 x 10° ¢m™

n, = refractive index
P, = depolarization factor
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AULATII

IN SEARCH OF ACCURACY

Here we suggest a method for calculation of Rayleigh
optical depth that goes back to first principles as sug-
gested by Penndorf (1957) rather than using curve-fit-
ting techniques, although it is true that the refractive
index of air is still derived from a curve fit to experi-
mental data. We suggest using all of the latest values
of the physical constants of nature, and we suggest in-
cluding the variability in refractive index, and also the
mean molecular weight of air, due to CO, even though
these effects are in the range of 0.1% 0.01%. It should
be noted that aerosol optical depths are often as low as
0.01 at Mauna Loa. Since Rayleigh optical depth 1s of
the order of 1 at 300 nm, 1t 1s seen that a 0.1% error
in Rayleigh optical depth translates into a 10% error in
acrosol optical depth. Furthermore, it suimply makes
sense to perform the calculations as accurately as pos-

sible.

Sensoriamento Remoto da Atmosfera com Lasers



&

Depolarization
=
<

0.02¢

o0sl}

Ar

0.4

0.6

Hm

Air

08

CcO2

02

L e Sy e e e e Vs

1.0

Sensoriamento Remoto da Atmosfera com Lasers

AULATII



AULATII
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TOTAL RAYLEIGH VOLUME-SCATTERING

AULATII

Ps & T are standard (reference) pressure and temperature and
are available from atmospheric models or radiossondes.

Table Z. Total Raylelgh-Scattering Cross Secticn o and Total Rayleigh
Volume-Scattering Coefticient 5, for Standard Air Py = 1013.26 mbars,
Te= 28816 K|
Wavelength  Rayleigh-Scattering  Rayleigh Volume-Scattering
pm Cruss Section @ cm? Cocfficient By km™!
0.20 3.612(x 10°%) 9.2021% 107"

0.21 2.836 7.225
022 2.269 5.781
023 1.841 4.691
0.24 1.515 3.859
025 1.259 3208
026 1.056 2,690
0.27 8.939(x 10 ) 2.277
n28 7614 1.940
0.29 6.534 1,665
0.30 5.642 1.437
0.31 4903 1.249
0.32 1279 1.090
033 3752 0.557 1x 103
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AULATII

RADIOSSONDE DATA RETRIEVAL
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AULATII
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AULATII
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AULATII
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AULA IV

MIE SCATTERING - TOWARDS A BIGGER SCATTERER

glRAYLEIGH:-bMIEE

2 FLY ASH 5
Y (e =z ~HAILSTONES
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SEA SALT NUCLE)
WATER CLOUDS & FOGS sIns
RAIN DROPS
—
e k3
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QOIu Qip Ou Opu 00 I mm lem
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AULA IV

MIE SCATTERING - BUILDING CONCEPTS

SIZE PARAMETER SCATTERING EFFICIENCY

2Ta O-s

B Qs —

.42

v
) 4

BOTH ADIMENSIONAL QUANTITIES
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MIE SCATTERING - TOWARDS A BIGGER SCATTERER

Sensoriamento Remoto da Atmosfera com Lasers

X< 1

x> 1

AULA IV

| RAYLEIGH SCATTERING

MIE SCATTERING

Eduardo Landulfo



AULA IV

MIE SCATTERING - TOWARDS A BIGGER SCATTERER

R
Size Parameter=10

Size Parameter = 1

Size Parameter = 1/10 /
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AULA IV

MIE SCATTERING - TOWARDS A BIGGER SCATTERER
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AULA IV

MIE SCATTERING - TOWARDS A BIGGER SCATTERER

1 | A — — ———— S —
4

Relative Soattering

Wavelength (nm)

Fig. 8 Scattering of visible light by oil droplets
of diameter 0.1 um (solid curve), 0.8 um
(dashes), and 10 um (dots)

‘ Craig Bohren |
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AULA IV

Rayleigh and Mie Scattering

Rayleigh -

Scattering =

o
0

| see a blue sky.
Mie

When there is large particulate matter in
the air, the forward lobe of Mie scattering 1 Observer
is dominant. Since it is not very wavelength

dependent, we see a white glare around the sun.

Mie Scattering

From overhead, the Rayleigh
scattering is dominant, the
| Mie scattered intensity being
—~ Rayleigh projected forward. Since
Rayleigh scattering strongly
favors short wavelengths, we
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Eduardo Landulfo



AULA IV

MIE SCATTERING - AROUND A BIGGER SCATTERER

10*3
3
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Phase Function
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Scattering Angle (deq)

Sensoriamento Remoto da Atmosfera com Lasers

Y T S U W

15

LIOU

MEASURES

My

Eduardo Landulfo



Sensoriamento Remoto da Atmosfera com Lasers

Polarized phase function

(LR 2
B\ e 0,86 jim
/ ‘."T\._ m—— [LO7 um
0.2 1\ —— 0.44 um
13
0.15 \ LY Foe=9 Um
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0
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-01 Y :
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Scattering angle

Fig.19.2 Polarized Mic scattering phase function as
a function of scatlering angle for cloud droplet having
a lognormal particle size distribution with an effective ra
dius ryy = 9 pm. Upper panel: phase function as a function
of wavelength with fixed oy 0.02 effective size van-
ance; lower panel: as a function of effective size variance
(courtesy of Bréon and Geoloub, 2003)
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AULA IV

MIE SCATTERING - SOME RESULTS

m=1.33

4
S
E 3
E
E 2
E
=3

00— 5 10 15 20

PARAMETRO DE TAMANHO
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AULA IV

MIE SCATTERING - SOME RESULTS
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AULA IV

MIE SCATTERING — SOME RESULTS
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AULA IV

MIE SCATTERING - BUILDING CONCEPTS

Qual é o espalhamento ???
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@
"o

Passive methods:
Based on“uncontroled

illumination”: ..
- extinction

- Sun :
- scattering

- terrestrial emission L
- longwave emission

Active methods:

Based on “controled
illumination” and .

- lidar
measurement of
backscattering

- radar

Lidar (light detection and ranging) is an active remote
sensing technology that measures distance by illuminating a target with
a laser and analyzing the reflected light



AULA VI
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Physical Process Device Objective

Aerosols, Clouds:
Geometry, Thickness

Elastic Scattering
by Aerosols and Clouds

h 4

- Mie Lidar

{ Gaseous Pollutants

Absorption by | DIAL __-”J . Ozone
Atoms and Molecules : j Humidity (H.O)
u y (i1,

Raman Lidar / Aerosols, Clouds:
S g .
Inelastic Scattering e * "Optical Density
. ; "« Temperature in
Elastic Scattering ~,| Rayleigh Lidar _ Lower Atmosphere

By Air Molecules N Stratos & Mesos
’ Density & Temp

o Resonance

Resonance Scattering/ | Fluorescence [a Temperature, Wind
Fluorescence By Atoms 1 idar Density, Clouds
I in Mid-Upper Atmos
Doppler Shift "+ Wind Lidar —0{ Wind, Turbulence
Laser Induced Fluorescence [ Fluorescence Lidar Marine, Vegetation
Reflection from Surfaces | —»  TargetLidar L Topography, Target

Laser Altimeter

2018
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Laser-atmosphere interactions...

Laser — Atmosphere Interaction Atmospheric Parameter-Species

Aerosols ( P\'i\), clouds. 1I1l]](l\|3"‘¢l'i\.‘

Elastic Scattering (A,=4,) density. atmospheric structure,
lemperature. ..

Inelastic Scattering (Raman Water vapor, RH, O,, temperature,

Scattering) (A=A, +AAy) Acrosols (extinction, backscatter
coellicients)
Differential Absorption SO,, 0., NO,, NO, CO,, Hg. HF, HCI,
DIAL (A, ,) NH,, HCs, CO, H,0O

Resonance Scattering K, Na, L1, Ca, Fe

Doppler shift Wind measurements

Laser Induced Fluorescence (LIF) OH-

Sensoriamento Remoto da Atmosfera com Lasers



Search Lights (~1940)

tp:/Awvww skylers.org;hmvalightmrks“
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Lidar: a new atmospheric probe

By R T. M. COLLIS
Stonford Rewarch Iratitate, Mevlo Povh, Coliformda

Olivsn v g0 recwvvnd 26 [y 190 i sovinad fuom € Dvonnber 7301)

Scnneasy

Fdduﬂhhmdpﬁn‘ww&nm”ym’hwm-
energy sources in imtrumests called “ Bdars " Bocwase of the nature of haer energy and the marmer in which
-vuw-mmwmwmlw-u&wdumdw Apact from the base
capabiltacs of bdar foe detecting bachacatieriy from possbilitics cxist for mom
:vhmmmh-lmhm-cmdlhccmn The basic capabilitiens of Sdae, however,
make # possble L0 sbworve the atmoephere with peeviounly usknown resclation and scnaitivity. Agert from
provaling ocw aformation shout cdouds, Bdar has dhown Bat the concentistion of the petticulste caltcr
corbest of clesr e e Nghly vasiable and that such variasions can indicate the structure and motion of the

clear staoephere. These capabatios have applications aa apheric and dogical resesrch sod varicus
opezstional activitica
LEDAR i A NEW ATNOSMIERIC FRODE P
Fawwry twiwiver Avw biry o= vy

Fgun L Seuinvnns
el hmraty Ve hetgh) e cares doud a8 cheered sanaduaeosly
and an s ey seewtonr nevied ot 0 dhmeen o 17

R.T. H. Collins, Lidar: A new atmospheric probe,
Quart. J. Royal Metecr. Soclety, 220-230, 1966



1930 Synge proposed a method to
determine the atmospheric density with an
anti-aircraft searchlight and a telescope
(bistatic configuration)

1936 First reported results of density profiles:
Duclaux (3.4 km), Hulbert (28 km)

1938 First reported use of a monostatic
configuration for cloud base height, using
a pulsed light source (Bureau)

1953 First retrieval of temperature profiles
from density profiles (Elterman)




Scattering and absorption processes
by molecules and particles

Receiver

LIDAR
Instrument
= = = | Photo-detector
Electric signal as a function
of time

Lidar shows great sensitivity to
discontinuities in scattering or
absorption properties of the

atmospheric medium

-

.y

Rl ———

¥

Backscattered
light collected
by the receiver

FOV

Moving scattering volume
cly

A

Signal

2

t/2 will be detected at time ¢

>t
—§ located at range r = =

The backscattered light at time
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'LIDAR EQUATION- BUILDING CONCEPTS | AULA VI

-~
-~

-

~_\ -

— -

=~ I ! J
telescopearea  Ulla Wandinger in Weitkamp
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| LIDAR EQUATION- BUILDING CONCEPTS AULA VI

At a given Range (R) and Wavelength () :

| SIGNAL GENERATION | | SIGNAL TRANSPORT |
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LIDAR EQUATION- BUILDING CONCEPTS AULA VI

At a given Range (R) and Wavelength (A) :

] SIGNAL GENERATION x SIGNAL TRANSPORT
o S
NATURE OF INTERACTION INSTRUMENT TMOSPHERE

p : An_ ; 2y g
[J,R,r) = e RI(R,7)|  |PRRr)= 55 x TR xe(d) x C(R.)
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LIDAR EQUATION - BUILDING CONCEPTS AULA VI

SIGNAL GENERATION x SIGNAL TRANSPORT

J(A,R,r) = Bz(A.R.r)I(R,r) p(A.R.r)= %— X T(A,R) x €(A) x {(R.r)

RANGING + PULSE DURATION |
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| LIDAR EQUATION - RANGING | AULA VI

- C X At
c

i} ==

START

STOP
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AULA VI

LIDAR EQUATION - PROBED YOLUME

Vp =AL.AR

scattering volume

Vp=Aj.—
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AULA VI

LIDAR EQUATION- TRANSMISSION IN THE ATMOSPHERE

R
(A 58—2/0 o(A,r)dr

EXTINCTION COEFFICIENT
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AULAYVI

LIDAR EQUATION - THE FINAL CUT

J(A,R.r) =ﬁx(l;R.r)l(R.r) “ VP_AL._ “ p(l,R,r):%xT(l,R)xe(l]><:;(R,r)

P,=I1(R.r).Ar

2 [ (A.,r)d
— als,
T(A.r)=e /0 ridr

ELASTIC LIDAR EQUATION

J
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AULA VI
‘ LIDAR EQUATION - OVERLAP FUNCTION

/—\

( ‘ NO OVERLAP
T

2 PARTIAL OVERLAP

FULL OVERLAP
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' LIDAR EQUATION - SYSTEM EFFICIENCY |

AULA VI

R
—2 a(A.r)dR
P(A,R)=PE; "ﬁ,t(k, ( )E (R). ‘ L)e [) (4:7)

Sensoriamento Remoto da Atmosfera com Lasers

h 4

SYSTEM EFFICIENCY

SPECTRAL RESPONSE
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AULA VI
LIDAR EQUATION - SPECTRAL RESPONSE

SPECTRAL RESPONSE

e(A)= ] &(2)

0<i<n

| MIRRORS, FILTERS, DETECTORS |
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LIDAR EQUATION - SPECTRAL DETECTORS AULA VI

SPECTRAL RESPONSE

Radiation
he .

. « A secondary
% .
electrons

Photoemissive cathode
anode

to

high voltage (-) |- A/ —— A/ « A current-to-voltage
500-2000V L ( I ampﬂ'ﬂer
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AULA VI

LIDAR EQUATION - SOLUTIONS

| ATMOSPHERIC OPTICAL PARAMETERS I

Aol /
mkm=aﬁﬂu,mxam

h 4

A | EXTINCTION COEFFICIENT |
| BACKSCATTERING COEFFICIENT | .
(o (R)] = km

IB(R)] = km L sr!
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AULA VI

AEROSOL STUDIES WITH LIDARS - SOLUTIONS

| ATMOSPHERIC OPTICAL PARAMETERS I

/—\ /-\
aae + (xmul

J &
>
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AULA VI

AEROSOL STUDIES WITH LIDARS - SOLUTIONS

(a) E

NEAR-END REFERENCE

range-comected signal

fo r Trax Nge

)
FAR-END REFERENCE r

ranpa-corracted signal

J i N In comparison, the Far-end houndary point solifion is much more stable than the
' d — near-end solution, at least, in turbid atmospheres. It yields only positive values
v of the derived extinction coeflicient, K, even il the signul-lo-noise ralio is poor.
IHowever in clear atmospheres, it has no significant advantages as compared to

the near-end solufion. KOVALEV & EICHINGER
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AULA VI

AEROSOL STUDIES WITH LIDARS - SOLUTIONS

LIDAR RATIO

5 -2 | a(A,r
P(/l,R)=Pn% (A, R)E(A)C(R). (”’*) /

oy _ Omoi(R) 8w . Ouer(R)
La(z"(‘R) = mo ( L = gr La(,,.(R) _ (1(1( ./
anl (R) 3 ﬁn()_r(R)

LIDAR RATIO (MOLECULAR) LIDAR RATIO (AEROSOL)
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Senso

AULA VI

’ AEROSOL STUDIES WITH LIDARS - LIDAR EQUATION SOLUTIONS

dx(R)

dR

| dx(R)

X(R) dR

2% (R)

‘ BERNOUILLI EQUATION

X (R) = Laer[Baer(R) + Bmoi (R)]

1

2

3

KOVALEV & EICHINGER
WEITKAMP
MEASURES

riamento Remoto da Atmosfera com Lasers

Eduardo Landulfo — 2016



AULA VI

AEROSOL STUDIES WITH LIDARS - EXAMPLE

= _(, -5
) ” !
= 00§ 3 . ' ~
B . : \] Sinal Nor nnlezswl - =D
= 0 Nns N < -
- Smal Roycizh = -6
£ 0004 =1
E— -a &5
= 0003 =
T = -
z " 02 = -
.
: KLY M e o e T S a ~7 5
) 1 2 3 4 & 5 7 0 : 4 6 8
Albmde (k) Alutude k)

Fignra 1.8 Lxemplo de calibracao do sinal Figara 4.9, Sinal identificado caoma o vetor

lidlar de medidas v no algoritmo
5

:‘1 0 ! {

=

= 1 Figura 1 T Fstimativa oo eoeliciente

- de extingas,

= ‘

o b J
—~
0 00s 0] d1s 02 Nzs

Coeficrente de Exong o deo™)

Sensoriamento Remoto da Atmosfera com Lasers Eduardo Landulfo - 2016



AEROSOL STUDIES WITH LIDARS - AERONET CLOSURE

@/ GODDARD SPACE FLIGHT CENTER + VSIt NASA.Qov
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AULA VI

AEROSOL STUDIES WITH LIDARS - AERONET CLOSURE

Choose day of JAN 2012
N | | | KN | | KKK
[13 14 (15 (16 [17 [18 [ 190 |20 |21 |22 (23 |4
[25 26 |27 (28 (29 |30 | 3

AOD Lovel 1.5 data from JAN 4 of 2012

Sao_Paulo , S 23°33739°, W 46°447686", RIt 665 n,
PI : Paulo_fArtaxe, artaxofif ,usp. br
Level 1.3 AOT: Data from 4 JAN 2812

0T_1628 : <0.847)>

UI_8/8 : <H,864>

AOT() | (U [l e
B

07568 : <8,137>
6.6 0T.440 : <0,169 o
v 01 _388 ¢ <8.213> %
07340 : <68.243)> q
8.5 Y g
g
8.1 — 4 >
2

o
.
@
1
.
: "
J -

z
3
&

8.2 |- 3
=]
a 2%
8.1 - lg
b4
=]
a.0
B4 {= Day in GHT
JAN
2012 Yeraion 2 DS

Sensoriamento Remoto da Atmosfera com Lasers Eduardo Landulfo - 2016



AULA VI

| AEROSOL STUDIES WITH LIDARS - AERONET CLOSURE

A s (/l) = T(lv:) = / 'a(/l,z)a'z
)

‘ R
AOT geroner = AOTIidar(A) | / aaer(/l ) Z)dZ

I
AOTlia'ar(;L) = Laer X Zﬁaer(laz)&
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AULAYVI

AEROSOL STUDIES WITH LIDARS - RAMAN LIDARS

RAMAN SCATTERING CROSS SECTION DIFFERENTIAL
TRANSMISSION

A
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AULA VI

AEROSOL STUDIES WITH LIDARS - RAMAN LIDARS

;{ [l“ 21()r ))] (\111(;(('-)’33- Z) = Qtmol ('-)’5,7 2)
(3959, 2) = TEE
L+ 387
A =355 nm hg =387 nm
l NITROGEN RAMAN
SCATTERING
A = 355 nm
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AULA VI

AEROSOL STUDIES WITH LIDARS - HRSL LIDARS

HIGH RESOLUTION SPECTRAL LIDARS

|
18 | ELORANTA IN WEITKAMP
|

AEROSOL DOPPLER BROADENING _

Signal

EA
MOLECULAR DOPPLER EROADENING < J
4‘.

5 4 -3 -2 1 0 1 2 3 4 5
Froquency offset (GHZ)
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AULA VI

AEROSOL STUDIES WITH LIDARS - HRSL LIDARS

HIGH RESOLUTION SPECTRAL LIDARS

Pmot(r) = Kmoir > O (r) fmol(r) exp (_2[ (X(r')dr',)
0

Pooc(r) = Kooet "2 0(r) Baee(r) €xp (_2 [ 65 d,,,)
J O ¢

ﬂaer(") K Pyec(r)

N(r) = — J
;Bmol(r) Pmol(")
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AULA VI

The problem of the analysis of lidar data is related to problems of lidar
signal interpretation. Despite the wide variety of the lidar systems developed
for periodical and routine atmospheric measurements, no widely accepted
method of lidar data inversion or analysis has been developed or adopted. A
researcher interested in the practical application of lidars soon learns the fol-
lowing: (1) no standard analysis method exists that can be used even for the
simplest lidar measurements; (2) in the technical literature, only scattered
practical recommendations can be found concerning the derivation of useful
information from lidar measurements; (3) lidar data processing is, generally,
considered an art rather than a routine procedure: and (4) the quality of the
inverted lidar data depends dramatically on the experience and skill of the
researcher.

Kovalev & Eichinger — Elastic Lidar
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AULA VI

F @

Signal Amplitude (arb units)

0 :J. _—
0 1750 3500 4250 7000
Distance From the Lidar (meters)

| The “non-exciting” typical lidar retrieval
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AULA VI

1.0e10
(b)

2

=
o [ |"«-W
I I L
e o I
59
32 1060
e '
o
5%
m a |

c

k=]

7]

1.068 -
0 1750 3500 4250 7000
Distance From the Lidar (meters)

I The “somehow-exciting” typical lidar retrieval
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AULA VI

OVERLAP

T 20}

10} af

— >5—/

TRIGGER DELAY

10 20 30 40 5
Bin (1)

LIDAR ANALOGIC SIGNAL “CLOSE-LOOK?”
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AULA VI

Solving the Lidar Equation

As clarified in Elastic Lidar by Kovalev and Hooper, the general solution technique that we will use
here was first developed by Barrett and Ben-Dov, 1967. The first study of the stability of the solution
and use of the backward integration to improve the stability occurred in the Soviet Union by Kaul in

1977 and Zuev in 1978. These efforts were not known in the west so it is the well-known paper by Klett,
1981 that 1s most often cited as the source of this technique.
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Aerosol Scattering Ratio

AULA VI

R (AL. T) =

mol (A, T) + B2 (AL, T) o

mol (A1, 1)

B2 (AL, 1)

pmel (Ar, r)
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Aerosol Scattering Ratio

AULA VI

——
=
-

1000

Summed Lidar Signal

Ll

100

1000‘
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AULA VI

Aerosol Scattering Ratio

o - od ! v A A L § v v v ! 4 g A A !

5x10*

1x10?
5000

RCS

1000
500

1% 2000 4000 6000 8000
Altitude(m)
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AULA VI

Aerosol Scattering Ratio

5x 104}
1x%10?
5000
el
e o
1000 -
500
1), SO W " W ——" S ——
0 2000 4000 6000 8000
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10.0f

7.0

S.OF

ASR

2.0f
1.5}

1.0k,

3.0

overlap

Aerosol Scattering Ratio |

AULA VI

NOISY

0
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2000

2000 6000
Altitude(m)

8000
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AULA VI

Aerosol Scattering Ratio

aer(A’ ’.)
X=1+"
Bl (A1)

aer(p,r) = (#—1) x B™ (A,r)
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AULA VI

Aerosol Backscattering Coefficient

NO ATMOSPHERIC TRANSMISSION

Altitude (m)

1.x107°% 2.%x107% 3.x107° 4.x10°° 5.x107° 6.x107° 7.x10°°
Aerosol Backscatter(sr m™")

= FT - Pr—" T - P— 1 3 - v - T v - v T v v
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AULA VI

Aerosol Backscattering Coefficient

8000}
: NO ATMOSPHERIC TRANSMISSION
_ 6000
g ' "
E - P(_l.r)—:’)"-z—t/! C'r)ﬁkl rjexp|—2 /a{/l.r}d/']
£ 4000}
) !
20004
Qpm=— S TR AT A
0 lxlo"’ 2.x107% 3.x107° 4.x10°° leo-6 6.x107° 7x10“’
Aerosol Backscatter(sr m™")
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Evolucao do lidar

LITE 1994

WB-57 1979 w w’-‘f.
;

."

GLAS 2003

WEITKAMP, C. Lidar Range-Resolved Optical Remote Sensing of the Atmosphere. 1st. ed. New York:
Springer, 2005.
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LITE
Lidar In-space Technology Experiment (LITE) - 1994

Primeiro Lidar em orbita a
bordo de um oOnibus espacial
(10 dias em operacgao)

WEITKAMP, C. Lidar Range-Resolved Optical Remote
Sensing of the Atmosphere. 1st. ed. New York: Springer,
2005.
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LITE
Lidar In-space Technology Experiment (LITE) - 1994

. 10
Observations of 3

Biomass Burning -10
by LITE

September 18, 1994 Orbit 134

g 888

-90 80 ~70-60 -50 40 30 ~20

(b | M

GMT « 0IA8 30462 - MIAS IS5 T MET « 0T 1T A) 8. oimnr? 22 a0 2

8
-
-
-
|
=
=
< 5
0
= | 00 s SR 82 - ) ah S b .
S | o) a2 FAS ) 'SR o4 wa @) 47 w2 b Al )
' - ] (AL h ~ L A

LA
Raw Signal Counts

WEITKAMP, C. Lidar Range-Resolved Optical Remote
Sensing of the Atmosphere. 1st. ed. New York: Springer,
2005.
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LITE
Lidar In-space Technology Experiment (LITE) - 1994

oL A ©
3

Observations of R i
» N TR L

Saharan Dust ) '\""“"'1‘ 5|

o o ¥ ‘

by LITE :g 8 B :
September 15, 1994 Orbit 83 »| PR ‘

COMET = 2SO 2K BRSO Y1 M7 MET « 00 ON 199 . (000K MR Oba AN

L[]

-
-
=
<58
(8
Ll M2 he M b %0 "y ML) NE »7 1 TS
Lo AN 150 .2 M 15s 1 "ne "2 wa » AD
' - b 10 aw ) LA LA L 1)

Raw Signal Counts

WEITKAMP, C. Lidar Range-Resolved Optical Remote
Sensing of the Atmosphere. 1st. ed. New York: Springer,
2005.
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GLAS

Satélite GLAS (Geoscience Laser Altimeter System)
abordo do ICESat (Cloud and land Elevation
Satellite) - 2003

Primeira missao de longa duracao com um Lidar no espaco —
664 dias entre 20/02/2003 e 11/10/2009 (1t 30/08/2010)

WEITKAMP, C. Lidar Range-Resolved Optical Remote Sensing of the Atmosphere. 1st. ed. New York: Springer,
2005.
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CALIPSO

CALIPSO - Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observation

Lancado em 2006 — NASA e CNES

Estudo do perfil vertical das propriedades Opticas de

WEITKAMP, C. Lidar Range-Resolved Optical Remote Sensing of the Atmosphere. 1st. ed. New York: Springer,
2005.
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A-Train Constellation

A-Train constellation — Afternoon constellation

The A-Train

CALIPSO CloudSat

PARASOL i WA 1:30

133/,/’

Cancao de Jazz “Take the A-Train” composta por Billy Strayhorn e tocada pela
banda de Duke Ellington

WEITKAMP, C. Lidar Range-Resolved Optical Remote Sensing of the Atmosphere. 1st. ed. New York: Springer,
2005.
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CALIPSO

Lancado em Abril de  ~ X7 &
2006 '>/ /x\ /
\
\ [ \/ |
Altitude: 705 Km a A / \ &
98° de inclinacao. ., /\ , 4
Velocidade de orbita: 7 km/s

Orbitas: 14,55/dia - separacio de 24,7°
longitudinais por orbita.

Avanco de 10,8° a Oeste no fim de um ciclo diario.

Periodo de 16 dias para cobrir todo o globo
terrestre.
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Interference Detectors and
Filters Electronics
/ s .
- 1064
Polarization
Etalon Beam Splitter
E NIl K1
/] Halg= B 82
Depolarizer
(moves into path N . 8321
for perpendicular \
channed
calibration) )
TEE]
13 ADC} R
b Laser ‘ : -
Backscatier ‘ | Competer
! from | . ‘
v Clouds Detector | |~ aoc |
Agroscls . 24
Applifers 14Dt
Digtizers

HOSTETLER, C. A.; LIU, Z.; REAGAN, J.; VAUGHAN, M. A.; WINKER, D. M.;

OSBORN, M.; HUNT, W. H.; POWELL, K. A.; TREPTE, C. CALIOP Algorithm

Theoretical Basis Document - Calibration and Level 1 data products. Cloud-Aerosol
Lidar Infrared Pathfinder Satellite Observations, PC-SCI-201, p. 1-66, 2006.

Sensoriamento Remoto da Atmosfera com Lasers

Sistema CALIOP
CALIOP - Cloud Aerosol Lidar with Ortogonal

CALIOP
Laser Nd: YAG, 2x110 mJ
Comprimento de onda | 532 nm, 1064 nm
Taxa de Repeticao 20.25 Hz
Telescopio 1.0 m didmetro
Polarizacdo 532 |l e L
FOV 130 prad
Resolucao Vertical 30-60m
Resolucao Horizontal 333 m

Camera de ampla visao (WFC)

Comprimento de onda 645 nm
Largura de banda 50 nm
espectral

FOV 125 m /61 km

Radiometro de Imagem (IIR)

Comprimento de onda

8.65, 10.6,12.05 um

Resolucao spectral 0.6-1.0 um
FOV 1 km /64 km
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Como o CALIPSO mede nuvens e aerossois na
atmosfera?

I “Clear Air” Aerosols' Clouds
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Produtos CALIPSO

Nivel 1

e CALIOP profiles of attenuated backscatter (532, 532,
1064 nm)

e IIR calibrated radiances (8.65, 10.6, 12.05 mm)

e WHFC visible radiances (650 nm) (WFC)

108
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Produtos CALIPSO

Nivel 2

e Cloud/Aerosol layer products
layer base and top heights, layer-integrated optical properties

e Aerosol profile product
backscatter, extinction, & depolarization profiles; aerosol type &
QA flags

e Cloud profile product
backscatter, extinction, depolarization, & ice water content
profiles; cloud phase & QA flags

e Vertical mask
cloud/aerosol locations, cloud phase, aerosol type & QA flags

109
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Produtos CALIPSO

Standard Level 1: 532 nm Attenuated Backscatter

Lat 40.71 34.65 28.57 22.48 16.38 10.27 415 1.96 8.03
Lon 19.89 18.07 16.43 14.93 13.52 1217 10.86 9.56 8.26
20

Standard Level 2: Layer Location and Type

15

Altitlude, km
-h
o

s 5

Lat 40.71 34.59 28.62 22,53 16.42 1.3 4.20 19 -8.03
Lon 19.88 18.08 16.45 14.94 13.53 12.18 1087 9.57 8.26
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Produtos CALIPSO

Standard Level 1: 532 nm Attenuated Backscat
14 October 2010, ~00:13:30

20

15

10

Altitude, km

0 -]
20.95 14.85 8.74 2.62 -3.49 -9.56
26.91 25.52 24.18 22.87 21.57 20.27

Calibrated, Geolocated, Altitude-Registered Raw Data

111
Eduardo Landulfo — 2016

Sensoriamento Remoto da Atmosfera com Lasers



Produtos CALIPSO

14 October 2010, ~00:13:30
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Transporte de aerossois

Mais de 101 mil focos de queimadas entre Agosto e
Setembro de 2010*

‘Ir”-l\')odc »’au 0
l "
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Transporte de aerossois

CALIPSO 532 nm Total Attenunted Backscatter

W00 TH B0 2008 171 FOSK n J01.30 14 08 I8 4L XIS e L

Asrosol Subtype UTC: 20100818 05:13:584 ( -502. S4.49) (-780,-0802) (-10.00, -48.06) A("lw.«“l (18,00, “.ﬂ)‘s
20 I ¢ LatLong
5 : : Sinal de retroespalhamento medido pelo
| 4 E Satélite CALIPSO
O o E
| - : o
- 1 ]
| - Razao Lidar =70 sr
SR |
7.08 347 927 a8 3143
443 5228 Sra2 Sa07 e0e2
NA = applicatie 1= chaan marie 2 = dust 3 » poluted contirestsl
4 » clowr i 5 = polited dust 6 = amck
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Transporte de aerossois

NOAA WYSPUT MOOEL
PAackwand trajeciodes soding o 15 UTC 20 Aug 10

- GDAS Ustesrsiogcal Date
Lopes, F,J.S.—dado;', pg‘ssdais ' Sinal de

g | retroespalhamento lidar

\' corrigido com a distancia

para o dia 20/08/2010

» at 23548 #NeW

Eounce
w4

Lopes, F.J.S. — dados ﬂessoa'T

000 003 010 035 020 025
Exmnction coefieient (s )
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Transporte de aerossois

20 - ALD (+) VS Lt

220 Lol e L
nes
Lopeg' F.‘J.S:'r‘dados pessoais : 2010495-22-TIT AN TR ITClosest Distance » 3.12em
(‘ - f', 2»:
Y T ER T TR P (0 41N
" " ne's
o
. P th
. -"'i cs
E » g 203
S, -~ % a4
w2 3 3
- 3
* F ‘s 3 ¢
x €1
1ok e . 3 an L, AT MD = 0.300 :t 0.053
. 4

AOD AQUA-MODIS - 22 de Agosto de
CALIPSO 532 am Total Attenuated Backscatter e -
o e s 2.5 0 0 g 2010 préximo a Sao Paulo - MT
: \ Asrosol Subtype UTC: 2010-08-22

-Lopes, F.1.S. — dados pessoais’

R 15 7 s
3
<
T § :
5 s 10
1 a
2
2
1
Pm '
4 R . ”
(000 468T) (M50 4727 (N0 AT (NN 4TH) (0M -usm
Lat'Long
e —— e 8 20 b 08 iy S b Lat -an 23478 A7.70

Lon 4590 AT A0 4883

Twclosnmarise 2= dust 3 = polluted continental
4 = glean continetal & = polkted dust  © = amoe
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Transporte de aerossois

NOAA HYSPLIT MODEL

Sackward trajectones ending at 12 UTC 26 Dec 07

GDAS Metecrologiced Data

06/12/2007 ~13 45

>

dos pessoais NA 1 2 3 4 5 6

T
2 y
-+
~
$
w
&
(‘z
]
*
®
O
3
w
Lopes, F.J.S. —da
@
. s0cs
e v'-"f 6009
X g 4000
3% 8 o
<Y = "-O-Q.M.
mmmmmmmmmmmmmmmmmmmm
1230 30 30 22 IC 3D 1B M 1D R IR M IR B 1 R ORORYY

N/A =not
applicable

1 = clean marine
2 =dust

Sensoriamento Remoto da Atmosfera com Lasers

3 = polluted
continental

4 = clean continental
5 = polluted dust

6 = smoke
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Transporte de aerossois
African Region African Region

2
South Am. Region
5T

26 Dec po

South Am. Region South Am. Region
{f L o Bt o .
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South Am. Region

Transporte de aerossois

[ -

South Am. Region

CALIFSO SA2am Tetal Attensated Backscattor

. - -

-t
— “t
{900 410

. — .t h % D Vh S B

Sensoriamento Remoto da Atmosfera com Lasers

Altitude (km a.s.l.)

ﬁp (km™sr™)

0.00 0.01 0.02 0.03 0.04 0.05
T T T T T
25/12/2007 )
5 17:00:18 -
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min _
4 6P |
— B, ]
3 -
2 —
1 .
0 L R
0.0 0.2 0.4 0.6 0.8 1.0
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3 - —
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Transporte de aerossois

Sao Paulo (Brazil) 26/12/2007 23:42-00:09 UTC

5 — T T T T T T L L L L 5 T T
>
4 ; B - 4 4 F i
€
-~
—3F - 43} 4
“
©
g 2 - 42} i
>
=4
k=
<
O i N 11r 7
Surface Surface Surface_
0 PR R R R R R R R MR B 0 1 1
0 200 400 600 800 10000 2 4 6 8 10 O 50 100

Part. extinct. coeff. (Mm™) Part. backs. coeff. (Mm 'sr’)

Dados do CALIPSO proximo de Sao
Paulo detectou uma mistura de Poeira
sahariana e poeira+poluicao.
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Lidar ratio (sr)

150

Mascara de aerossol

llv 1. L.

0
|
Lat -16.39 22 49
Lon -41.49 -42.90
N/A 1 2

N/A =not apphcable
1= clean marine

2 =dust

3 = polluted continental
4 = clean continental

5 = polluted dust

6 = smoke
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Validacao

Necessidade de realizacao de processos de validacao utilizando outros
instrumentos

Desde 2007 diversos trabalhos de validacao foram realizados

HUNT, W. H. et al. CALIPSO Lidar
Description and Performance
Assessment. Journal of Atmospheric
and Oceanic Technology, v. 26, p.
1214-1228, 2009.

Septembaer-October 2006

Anomalia do Atlantico Sul — SAA

Cinturao de radiacao de Van Allen
com a maior aproximacao da
superficie

Latitude (degrees)

Grande intensidade de radiacao
aumenta o ruido nos detectores do

CALIOP

A80 150 120 S0 40 20 0 3 60 % 120 1% w0
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Validacao

Necessidade de realizacao de processos de validacao utilizando outros
instrumentos

Desde 2007 diversos trabalhos de validacao foram realizados

HUNT, W. H. et al. CALIPSO Lidar
Description and Performance
Assessment. Journal of Atmospheric
and Oceanic Technology, v. 26, p.
1214-1228, 2009.

Septembaer-October 2006

Sinal (2= 32,66 km)

0 Lal'm ™9 B
al ” » 110S detectores do

v - . o
C,1._‘,U|J 180 150 120 00 40 30 O 30 60 ©O 120 150 180
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Validacao

Pertil de retro=spalhamento total atenuado » 532 nm 2 de Agosto 2007 NTI

Ul Rie Brance
12t
1e® 0 - . 10f )
T !
= |
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N e
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Validacao

Locais de referéncias: Possuem sistema AERONET e/ou Lidar

Alta Floresta
e

‘ Rucg Brainc‘o ' ' ’ f‘_ RB, AF, CB e CG

-

-
J\Cuiabs | | Tipos de aerossois

2 caracteristicos em
determinadas épocas

do ano

v
rCampo,Grande,

Aerossois de fontes
de queimadas

-

.Sao Paulo

Google
<

Quando o CALIPSO passou por essas localidades entre 2006 e
2009?

125
Eduardo Landulfo — 2016

Sensoriamento Remoto da Atmosfera com Lasers



Validacao

Best matching profiles

[l cALioP

B AC method

25 |- Polluted
Contmenlitl =70%25

l \
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Lidar Ratio (sr) g
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LALINET INTRODUCTION

LALINET

The First Latin American—Bom
Regional Atmospheric Observational Network

Volume 98 No. 6
Juan Caros AnTuia-Mazazeo, Epunaco Lanculro, Rene Estevan, Boa s Bagja,
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NETWORK SCIENTIFIC DRIVES

/

3 y Venez
L —y
Colomibia
o~

HIBISCUS Jeosnami RN

>
(a1 24NN

TROCCINOX

)
X us

GoAMAZON

SAMMBA

Argentina

Vv
(0
L
C
A
N
I
C
A
S
H
E
S

7th international earthcare science workshop & ,%g"
1st esa earthcare validation workshop @ esa

) g Beon | Germa

" > S—— -
Paragua
Agudy

Eduardo Landulfc



https://bit.ly/213n2XD

VOLCANIC ASHES & PLUMES

« 22nd — 23rd of April, 2015 — Calbuco volcano began eruption

IS

Conentt i : o &
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- ;
I — 1
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! | e
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,au\
$ 1

NOAA MYSPLIT MODEL

Font:google maps|

* First eruption since 1972

 Ash cloud achieved above 15 km of altitude
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VOLCANIC ASHES & PLUMES
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532 nm particulate profiles - SPU LALINET station - 09/11/2017
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Figure 59: Domains used lor the backbrajectories analysis of historical dala in the period 2012 2015:
Saharan dust domain (orange) and hiomass burning domain [green). Back trajectory example — BB
and SD domains,
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Need Help? Contact here European Space Agenty

Missions « Earth Topics ~ DataAccess ~ Explore more... .

Youare here Home » Pl Community » Apply for Data » AO's m | Bstare | @EIEIED

- Announcements of Opportunity

Pl Community

Acolus CalVal Call | OSEO | SwarmSO | SSPVT | S3VT | G-POD | Previous AOs "'°°;""'7"°‘“°

Socarch Rosuits and Projects
Apply for Data
Fast Rogistration
Full Proposal
Service Request
Campaigns
Firat ESA EarthCARE Validation Workshop (11- 15 June 2018, Bonn, Germany) AC's

3rd Party

Welcome to the submission area for the EarthCARE
Calibration and Validation opportunity.

The deadline for the submission of EanthCARE Calibration anc Vakdation proposa’s
was 31 October 2017




The Earth Clouds, Aecrosol and Radiation Explorer (EarthCARE) Mission is being
implemented as the sixth Earth Explorer Missions. EarthCARE has been specifically
designed with the basic objective of improving the understanding of cloud-aerosol-
radiation interactions, so as to include them correctly and reliably in climate and
numerical weather predicion models. FarthCARL will achieve this by providing
global observations of atmospheric cloud and aerosol profiles with collocated
measured as well as modelled long-wave and short-wave radiation.

CLOUD-AEROSOL-INTERACTION

Atmospheric cloud and aerosol properties will be retrieved from EarthCARE’s 355nm
lidar with a lngh spectral resolution (HSR) receiver with co- and cross-polar channels
(ATLID), 94GHz Doppler cloud profiling radar (CPR) and a multi-spectral imager
(MSI). Radiative transfer models will be used to denive atmosphenc radiative
propertics and heating rates from the retrieved cloud and acrosol observations.
Reflected solar and emitted terrestrial thermal radiation will furthermore be observed
by EarthCARE’s broad-band radiometer (BBR) and compared to their modelled

equivalents.

355 nm HRSL + CPR + MSI + BBR

d-esa
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Caver Letter

EanthCARE Calibration Validation Main Text

ESA SP-1279(1) EarthCARE Earth Clouds, Aermnsals and Radiation Explorer
EanhCARE Mission Requirements

Sysiemn Requirements Document for Phases B, C/D, E1
EanthCARE Product Validation Regquirements Document
Termplate for Work Agreement for Project (A0ID)
EarthCARE Comrelative Datz Profocol

EarthCARE Instruments Descripton

Preduction Model lfor EarthCARE science data products
EarthCARE ESA Product Lis:

EanhCARE JAXA Product List
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EanhCARE ATLID Level 1 Aigonthm Theoretical Basaling Overview
EarthCARE BER Leval 1 Algerithm Theoretical Basaline Document
EarthCARE MSI Level 1 Algorithm Thecrezical Basaline Document

EanhCARE CPR Level 1 Aigorithm Thecrelical Baseline Cocument
EarthCARE ESA Level 2 AT80s

oo oo

ATLID L1 Prcduct Definition Cocument

BBR L1 Product Definition Document

MSI LT Procuct Definition Document

CPR L1 Product Definifion Document

EarthCARE ESA Level 2 Product Definition Documents

S e o0 o

JAXA Research Announcement Summary
Earth Explorer Data Policy

Terms and Conditions for e use of ESA Dala
Guidzlines for the Submission

oo 00




VALIDACAO

The European Space Agency 1s announcing the opportunity for mterested groups to
participate 1n these activities. Specific areas i which the contribution of the
participants is sought arc:

* vahdaton using other satelhte, airbome or ground-based experiments
providing independent measurements;

* experniments Lo assess accuracy. resolution, and stability of the EarthCARE
mnstruments;

* assessment and validation of the EarthCARE retrnieval and processing

| AREAS DE INTERESSE |

* assessment of methods/algorithms for instrument calibration

* assessment of proposed methods/algorithms [or external calibraton

* indcpendent estimates of achicvable localisation and co-alignment crrors

* mdependent determination of instrument stabality

 comparison of geophysical products (cloud, aerosol, precipitation, and
radiation propertics) with independent ground-based, airborne or satellite
mcasurements. including consideration of representativity crrors

* mmpact ol auxibary mfommation used m the processing (lemperature,
backscatler data bases. ...)

* comparison with other space-borne sensors (at level 1 and level 2)

* charactenisation ol major crror sources and their dependencics on sccondary
parameters (e.g. solar zenith angle, land-sea error dependency, etc.)

« error budget compilations




ATIVIDADES DOS PARTICIPANTES

Integration of their proposed work within a wider scientific and technical
framework, and the establishment of collaboration between specialists
Participation m the establishment of detailed vahidauon planning well 1n
advance of the launch, presently planned for August 2019

Participation in post-launch data product and retrieval algorithm validation.
and independent monitoring of satellite performance and data quality

Support to the Agency in the planning and exccution of special satellite
operations 1n conjunction with ground experiments

Support to the Agency in the definition, in the light of post launch experience,
of reprocessing algorithms to be applied to the level 1b. level 2a. and 2b data
Support to ESA in dedicated ECVT meetings and workshops

Participation 1n pre-launch rehearsal activities




channel

Attenuated backscatter in
Rayleigh channel, co-polar
Mie channel, cross polar Mie

CPR Level

Radar reflectivity profile,
[ Doppler velocity profile

—
\

4

TOA radiances for 4 solar
channels, TOA brightness
tem peratures for 3 thermal
channels

Filtered TOA short-wave and
total-wave radiances

Radar reflectivity, Doppler
velocity, feature mask, cloud
type, liquid and ice cloud

rties, vertical motion,
rain and snow estimates

Cloud mask, liquid and ice
cloud properties, cloud top
height, serosol properties

BBR Level 2

Cloud, aercsol and precpitation properties
retrievals using combinations of

synergistic
ATLID, CPR, MS

derived from

radiative transfer models
cloud-aerosol scenes

Rad ances, fluxes, and hea rates from 10 and 3D
on constructed 30

Comparison of model-
generated Mluxes and
radiances
to BBR radiances and Auxes
inferred from BBR radiances
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LALINET VS CALVAL

ESA Earth Observation Users' Single Sign On
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Releagc of the call (opening of Submission 15 June 2017
Website) _
Closmg of the call (closing of Submission 15 October 2017
Websile)
Notification of the evaluation results to Pls 15 January 2018
1™ Validation Workshop (combined w. Science) June 2018
Pre-launch ESA-JAXA validation workshop February 2019
Validation Rehearsal March 2019
V ulublum Rehearsal Review / Validation June 2019
Readiness
Launch August 2019
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ciencias.medellin.unal.edu.co

ACIONAL  yoME CONFERENCE  REGISTRATION DEADLINES COMMITTEES VENUE

aebastid@unal.edu.co

Esta aqui: Iniio [ Institucional [ The X Workshop Lidar Measurements in Latin America (WLMLA)
A- A A+

The X Workshop Lidar Measurements in Latin America (WLMLA)

Workshopon Lidar Measurements in
Latin America

19-23 November 2018
Universidad Nacional Sede Medellin
Antioquia, Colombia

mm - -A‘

http://ciencias.medellin.unal.edu.co/eventos/wimla/index.php/2-institucional/6-home




