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INTRODUCTION
WHAT IS REMOTE SENSING?

Process of obtaining information about properties of a target
without contact.

This information is propagated by means of electromagnetic
radiation interacting with the target. )
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INTRODUCTION

% Based on“uncontroled
*\M/L %

I illumination”:
I |

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

Passive methods:

- extinction

- Sun :
- scattering

- terrestrial emission

W 7

- longwave emission

Active methods:
Based on “controled

illumination” and :

- lidar
measurement of
backscattering

- radar
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INTRODUCTION

There are a wide variety of fields of applications for lidar:
* Geology
* Archaeology
* Biology (vegetation)
* Architecture (cultural heritage)
* Astronomy

* Atmosphere

SR IFUSP
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INTRODUCTION

Geology: In geophysics and tectonics, a combination of aircraft-based
lidar and GPS has evolved into an important tool for detecting faults and
for measuring uplift. The output of the two technologies can produce
extremely accurate elevation models for terrain and enables surveys to be
taken of the coastline. It is also used extensively to monitor glaciers and
perform coastal change analysis

SR IFUSP
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INTRODUCTION

Archaeology: aiding in the planning of field campaigns, mapping
features beneath forest canopy, and providing an overview of broad,
continuous features that may be indistinguishable on the ground,
creating high-resolution digital elevation models (DEMs) of
archaeological sites that can reveal micro-topography that are
otherwise hidden by vegetation

SR IFUSP

Image taken from: Chase et al., 2011, Journal of Archeological Science, 38, 387-398
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INTRODUCTION

Biology (vegetation): lidar has also found many applications in forestry.
Canopy height and biomass measurements can be all be studied using
airborne lidar systems. Tree height strongly correlated to other properties
(as woody biomass, age, etc)

LASER-SCANNING

Y IISTA
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INTRODUCTION

Architecture (cultural heritage): fluorescence lidar technique has been
applied to the investigation of the cultural heritage only quite recently:
remote diagnostics of monuments, providing helpful information for the
assessment of the conservation status of monuments in the outdoor and
for the characterization of the materials employed in their construction.
Main applications include the detection and characterization of different
stones, mortars and other construction materials, of protective treatments,
of biodeteriogens and the study of the effects of biocide treatments.
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resolution fluorescence
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Realisation of
thematic maps
by the analysis
of the set of
fluorescence
spectra

Figure 3.6.3: Basic principles of lidar hyper-spectral imaging on monuments [17].
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INTRODUCTION

= Aerosol particles: liquid or solid particles suspended in a gaseous medium

IV IVUUL Y

(several types)

v 1

= Atmospheric aerosols play an important role in the Earth’s climate system:
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1. they interact with solar and thermal radiation, modulating the Earth
radiation budget

N
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2. they modify clouds microphysical properties by acting as cloud
condensation nuclei and ice forming nuclei
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INTRODUCTION

= Aerosol particles: cooling/warming effect

depending on vertical distribution and types (among other factors)

= Classification:
v’ Mineral particles
v Marine particles

v" Carbon particles

v’ Sulfates, nitrates and
organic compounds
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INTRODUCTION

Radiative forcing by components
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LIDAR TECHNIOTIE

Lidar: Light detection and ranging
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LIDAR TECHNIQUE

L\
' Data

Acquisition
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The key of this technique is the use of pulsed lasers, which
allow for obtaining range-resolved information from the
delay between emitted and received pulses
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RANGING (BASED ON TIMING)

A
scatterers scatterers A¢ AR
A A A
R. = Cttotal
! 2 . C(ttotal _ T)
tup = R/C RZ - 2
WV
o0
=
R = range N
t =R/c |
down / Z
\4 v v

ttotal = tup+ tdown = ZR/C S
AR =R, —R =&

“effective (spatial) pulse length” «—>

SR IFUSP
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RANGING (BASED ON TIMING)

AR=R,—R,= % scatterers 1 A$ AR
“effective (spatial) pulse length” 0 ct,
R — ota
(potential spatial lidar resolution) 1 2 R, = C(t“’“‘zl )
=
Spatial resolution example: S
Il
Nd:YAG Laser (1064 nm) R
Q-switch pulsed: t~ 10 ns

' v
AR ~1.5m “temporal pulse length”T
In practice there are additional
limitations like the sampling
frequency of the acquisition
system ...

SR IFUSP
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LIDAR SETUP

Laser Nd:YAG
_ _ » Transmitter system
—N\ > Receiver system
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LIDAR SETUP: LASER SOURCE

» 1960’s: nitrogen laser (337 nm) and ruby laser (694nm—>347nm):
relatively low average power, limited to 2 km

» 1980’s: pulsed lasers with high average power as UV excimer laser
(XeCl at 308nm and XeF at 351 nm) and Nd:YAG laser

» currently Nd:YAG (Neodymiun-doped Yttrium Aluminum Garnet):
1064 nm - 532 nm - 355 nm
repetition frequency : 1-50 Hz
energy/pulse: 100 mJ to 1.5 (at 1064 nm)

7/

+ o= SR IFUSP

Config ion E

onfiguracioé
EI Lr331D400 E 20



LIDAR SETUP: TRANSMITTER OPTICS

» Mirrors to transmit the laser beam (high reflectivity / high transmissivity)
» Beam expander made of lenses (anti-reflection coated) allows for:

a beam expansion by a factor ~ x4 - x10

reducing background light

increasing SNR

reducing divergence (~1mrad)
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LIDAR SETUP: RECEIVER OPTICS

> (pprimary: 30 cm -1 m and (Psecondary: ~lem

»compromise between a small FOV necessary for high background
supression and a large FOV for a sufficient signal intensity from short
distances (FOV a factor of ~2-10 larger than the laser divergence)

»receiver optics behind telescope must be optimized for high transmission
of the Raman signals

» dichroic beam splitters: reflect light of a certain A an transmit others

» interference filters: typically FWHM <0.5 nm, suppresion factor 108-101°

4 Telescopes
I .
i b
Laser Nd:YAG
e
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LIDAR SETUP: DETECTORS AND DATA ACQUISITION

» photomultipliers in An and PC mode are typically used (PMTs)
» high quantum efficiency (in UV ~ 25%) and low noise

» detector outputs can be preamplified before registration

» time resolution (or window length) is ~ 100 ns, (7.5 — 15 m)

» averaging time for the raw signals is 10- 60 s

»signals are usually further averaged in time and space during data
evaluation

e ORI R e i
‘ ‘ i hv
| | Photocathode
]
: : / Electron
I\ J : Anode
41/ “;

cascade

Laser Nd:-YAG
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ELASTIC LIDAR FOR AEROSOLS

Generally consists of a non-tunable high-power pulsed laser and intensity
of the received signal is measured

A narrow beam is transmitted into the atmosphere and backscattered by
the atmosphere to a receiver telescope and detector

The nature of the backscattering is determined by the properties of the
volume of the atmosphere that contains the Rayleigh (molecules) and Mie
(particles) scatterers

The combination of the short laser pulse (~10 ns) and the small beam
divergence (~107 to 10 radians) results in volumes of a few cubic meters
at ranges of tens of km

The primary properties measured are the intensity and polarization of the
signal, and these are used to retrieve particle properties

SR IFUSP
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LIDAR EQUATION

/2

P average power of single laser pulse, T temporal pulse length
E =Pt pulse energy s
The propagation through distance R implies an attenuation e J

and (P, /4,) e_ﬁ)a(x)dx represent the power per unit area that illuminate
a volume of atmosphere at distance R

SR IFUSP
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LIDAR EQUATION

1P A, (cT/2) [

: e
/J’(R)e_z a(x)dx

proportional to the backscatter coefficient
. , Pocz' A “2(a(x)dx
This signal travels back to the detector suffering B(R)e
an additional attenuation and thus the signal | 2 R’ SR IFUSP

collected by the detector system of surface A is:

26




LIDAR EQUATION

P(R.2) = P(A) 5 € pR.A)e 2 —P(A) C BRAT(R, A

P(R,A) = power received by the system after backscattering from range R
P_(A)= power transmitted

C =lidar calibration constant

B(R, A) = backscatter coeff. (length-sr?)

a(R, A) =volume extinction coeff. (length!)

The term B(R, A) is the backscatter coefficient at distance R, it stands for
the ability of the atmosphere to scatter light back into the direction from

which it comes

T(R, A) is the transmission term and describes how much light gets lost
on the way from the lidar to distance R and back

Most of the information about atmospheric properties derived from
backscatter lidar measurements is based on extinction, a(R, A), and sk iruse

backscatter coefficients, B(R, A)
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... MORE ON LIDAR EQUATION

Overlap function O(R):
geometrical overlap  between laser
beam and telescope field of view

O(R) accounts for the partial
overlap in the near height-range
and tends to estabilize (ideally to 1)
in the far height-range

Elastic lidar equation including overlap:

P(Ra /1) = PO (}.) % O(R)/))(R’ A) e—2j:a(x,l)dx

SR IFUSP
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... MORE ON LIDAR EQUATION

10* 1.2

)
|
I
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W R e
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\

— 0.8

107 F

— 0.6

Overlap

— 0.4

Relative signal intensity

— 0.2

' L 0.0
4 5

Distance, km

Elastic lidar equation including overlap:

P(R,A)=P,(A) % OR)B(R,A)e - (e s
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LIDAR EQUATION
P(R,A)|=F,(4) “Q O(R) e-zdx
=3

measured atmospheric
signal properties

B(R, A) = backscatter coeff. (length-lsr)

a(R, A) =volume extinction coeff. (length!)

Depend on the particle properties as size,
shape, composition, concentration, etc.

SR IFUSP

30




FIRST STEPS USING LIDAR EQUATION

Signal-to-noise ratio (SNR) is a critical issue when atmospheric
properties are computed. To improve SNR, two methods are possible:

—
=]
——

20 =

18 —— —— |

P __— Vertical smoothing

R

14 =

HEIGHT, km
M

——— Temporal averaging

=
— =

olai—=—=—=1 | = |, sk IFuse
SIGNAL, a.u,
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FIRST STEPS USING LIDAR EQUATION

...performing a basic calculation (range corrected signal) on the lidar
equation, a first idea of the behavior of the atmosphere can be obtained...

Height a.s.l. {m)
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Height a.s.l.{m)

GEOMETRICAL PROPERTIES

Geometrical properties:
- base height

- top height

- geometrical thickness
- center of mass

Granada station

1000.0 |||||||||||||||||||||||||||||||||||||||||||||||||-mm
00:54 01:20 01:40 02:00 02:20 02:40 03:00 03:23
14/07/2013 14/07/2013 14/07/2013 14/07/2013 14/07/2013 14/07/2013 14/07/2013 14072013
Time

Forest fire smoke layers on 14/07/2013

n'y

Quicklooks can
provide a
rough estimate
of geometrical
properties but
quantitative
information is
needed

SR IFUSP
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GEOMETRICAL PROPERTIES

To quantity geometrical properties
two groups of algorithms: threshold
methods and derivative methods

Threshold methods: processed
profiles are needed. Typically, this
threshold is established in terms of
the backscattering ratio:

ﬂpart (R)+ 0, (R) _
ot (R)

B par (R)

Bt (R)

Rback (R) =

=1+

R=1
"
Py
o 1
ot
L)
o |
— 4 (
— - !
o5 ]! :
g . |
T | —
E T R, =11
< 4 : !
2 ?
O -
L . } T
0 5 10
3 Backscattering ratio

R

SR IFUSP
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GEOMETRICAL PROPERTIES

Derivative methods:

- advantage of the derivative methods: applied directly to uncalibrated
raw lidar data, i.e., no additional measurements, models or
assumptions are required

- first derivate method, second derivate method, logarithm derivate
method

- logarithmic derivate method because it mostly quantifies the relative
change of the signal, instead of an absolute change as other derivative
methods

SR IFUSP
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GEOMETRICAL PROPERTIES

- the backscattered lidar signal of a clear atmosphere decreases
monotonically with altitude (derivative is always negative)

- aerosol layer implies an abrupt increase in the signal values, such that
around the layer base and layer top the sign of this derivative changes

- the change from negative to positive is identified as layer boundaries

RCS (a.u.) Derivative Log RCS (a.u.)

15000 15000

Altitude a.g.l. (m)

5000 5000 _ .............. ............. ............. .

SR IFUSP
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GEOMETRICAL PROPERTIES

IV IVUUL Y
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GEOMETRICAL PROPERTIES :
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GEOMETRICAL PROPERTIES

|ldentification
of layers

Center of mass
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layer depth / m

Geometrical thickness by type
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LIDAR OPTICAL ALGORITHMS

First we will describe the technique used to compute the particle
backscatter coefficient from return signals measured with the widely
used elastic standard backscatter lidar

The main drawback of this method is that trustworthy profiles of the
climate relevant volume extinction coefficient of the particles cannot
be obtained. The extinction profile must be estimated from the
determined backscatter coefficient profile

By applying the so-called Raman lidar technique, the profile of the
particle extinction and backscatter coefficients can be independently
determined

An aerosol Raman lidar measures two signal profiles, which permit
the separation of particle and molecular backscatter contributions

SR IFUSP
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KLETIT-FERNALD METHOD

Starting point: lidar equation

P(R.A) =P (A)—O(R)/}(R PV

= Po(/"t)EO(R)/J’(RJ)T (R,A)

B(R,A) (kmsrl) and a(R, A) (km™) are the backscatter and extinction
coefficients in the atmosphere

Remembering the definition of lidar range corrected signal:

-2 a(x A)dx

RCS(R,A) = P(R,A)R* = P.(A)C-OR)-B(R,A)e

SR IFUSP
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KLETIT-FERNALD METHOD

R.C.S.(R,ﬂ) = P(R,ﬂ,) R? = PO(A) ‘C’O(R) '/J)(R,ﬂ.) .e—2jja(x,/1)dx

The conversion of lidar signal into range corrected lidar signal causes a
change in appearance:

8 T T T T T T T T T 8
7+ i -
6L i 6l
E 5 €5t
= =
w4 w 4 -
© ©
() I ()
EER: 337
2 E=
g g
< <C

N
N

=
=

e B 1 . 1 . 1 . 0 . . . .
1x10° 2x10° 3x10° 4x10° 5x10° 0.0  3.0x10" 6.0x10° 9.0x10  1.2x10°

Raw signal (a.u.) Range corrected signal (a.u.) 2%|FUSP

o
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KLETT-FERNALD METHOD
RCS.(R,A) = P(R,A)R? = P.(A)C-O(R)-B(R, 1) e 2t

... some considerations:

» the overlap is assumed to be complete, O(R) =1 =2 R>R ;.

» we dropp the wavelength dependence

7 —Zfa(x)dx
RCS(R)=P(R)-R> = P-C-B(R)
» B(R) (kmlsr!) and a(R) (km?) are caused by particles and

molecules:
/J)(R) = /3mol (R) + [))pan‘ (R)
a(R) = 0,5 (R) + 7k R) + 072 (R) + s (R

~ 0 km'at lidar wavelengths SR IFUSP
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KLETIT-FERNALD METHOD

Taking into account molecular absorption effects are ignored:

A(R) = Oy (R) + O (R) + 0, (R) = @, (R) + @, (R)

part part

Therefore, the range corrected signal is:

] ﬂ mol(x)'l'apart(x):ld

unknowns

RCS(R)=P-C{B,,(R)+B,,,(R)

measurement

The molecular properties, B,,,(R) and a_,,(R), can be determined from
the Rayleigh theory using the best available meteorological data of
temperature and pressure or approximated from appropriate standard
atmospheres so that only the aerosol scattering and absorption

properties, ,+(R) and a_,(R), remain to be determined

part part

SR IFUSP
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KLETIT-FERNALD METHOD

Shortcoming: 1 measurement versus 2 unknowns

] ﬂ mol(x)+apart(x):|d

unknowns

RCS(R)=P-C{B,,(R)+B,,,(R)

measurement

How to solve?: definition of the particle and molecular lidar ratio
(extinction-to-backscatter ratio)

a . (R,A R,A) 8w
Lrpart (Ra/l) =7 ﬁ( ) mol (M’) = mOl( ) S
ﬁpan‘ (Rﬂﬂ’) I(R /l) 3
dependent on range and independent on
wavelength because depends on: range and wavelength

» size distribution
» shape
» composition (refractive index)

SR IFUSP
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KLETIT-FERNALD METHOD

In the next step:

» lidar ratio definitions are included

» the equation is reorganized

» the resulting Bernoulli equation is solved

Solution:

ﬁpart(R) = _ﬁmol (R) +

R.C.S(R) -exp{~ 2]? [Lrpm(x) -Lr, ]ﬁmol (x)dx}
/),parf].zf).i(/zfj R) -2 j:) Lrpart(x') ‘R.C.S .(x')-exp( -2 j; 0 [Lrpar (x)-Lr, ] B, (x) dx) dx'

...many things ... but they are known (almost)

SR IFUSP
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KLETIT-FERNALD METHOD

Bpari(R) = =, (R) +

IR.C.S(R)Iexp{% o ol

+ '
ﬁpartf]‘s}"iﬁ)j(&)ll 2 jj: |Lrpm(x']|R.C.S.(x')|exp(- 2 j,f L, (x) B (x)dx)dx'

» lidar range corrected signal (R.C.S.) is known

» molecular properties are known from meteorological data of
temperature and pressure or approximated from appropriate standard
atmospheres

» particle lidar ratio is an input parameter

Y

boundary condition at R, ... how to choose it?

SR IFUSP
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KLETT-FERNALD METHOD
/))part(R) ==L, (R)+
RCs@ent 2| [ 200 - 27,18, (o

+
RCS.(R
P ) [ LRy exp( =2, (11,0 (1)~ L1, 1B (1 e
part mol
I “ normahzatlon 6 7 km
: -I' : Molecular . at RO: /))parz(RO) << /))mol (RO)
] m——E xperimental 7
.l‘\ l' ﬂpart (RO) + ﬁmol (RO) = /))mol (RO)
§, T (clean air conditions are
= normally given in the middle
e 3 and upper troposhere)
2 Ll
<
1f 1 Now, the boundary condition
| ) term is also known
N S SR IFUSP
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KLETIT-FERNALD METHOD

In principle, the solution for p,,(R) can be integrated by starting from
the reference range R, which may be either the near end (R>R_, “forward
integration”) or the remote end (R<R, “backward integration”) of the
measuring range

Altitude a.g.l. (km)

6 T T T
R<R,
5 b
bad Bpart(RO) gOOd Bpart(RO)
T T (clean atmosphere)
A numerically unstable numerically stable
good SNR for R.C.S. worse SNR for R.C.S. at

N at R, R, (easily solved)
1 | R>R, |

e Backward integration method is preferred
0

SR IFUSP
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KLETIT-FERNALD METHOD

The most critical parameter in this method .. (R,A) = Ay (R, A)
is the selection of a particle lidar ratio e B (R, A)
Effectof Lr  onp,,,: |
r—— _ - Lr,, values independent of
, — Lr=30s | altitude are typically used
L s0er
6 | r=60sSTr -
— == Lr=70sr Some values of
£ | r=80sT . . .
x5 1 particle lidar ratio:
o
o 4 1
<
2 3 . Marine particles 20-35 sr
< _ Saharan dust 40-70 sr
Biomass burning 70-100 sr
1 - Urban/continental 45-75 sr

0 ™ 1 ™ 1 ™ 1 ™
0.0 1.0x107° 2.0x10”> 3.0x10" 4.0x10"

Part backs. coeff. 532 nm (km -sr) 53
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KLETIT-FERNALD METHOD

The spectral dependence of {3, is strongly dependent on particle size:
commonly used for the qualitative description of particle size

7 7 . T v T v T v T

T r
= 355 nm Lr=40sr

w532 nm Lr=41sr |

1
(%2}
T

Saharan dust
particles

n /))part(Ri’/ll)
B pan(RiA5)

%

In[ —

Colﬂ(R)=-

Altitude a.s.l. (km)

Anthropogenic |
particles

1} {1}

0.0 5.0x10° 1.0x10° 1.5x10° 2.0x10”-1 0 1 2 3
B-related AE (355-532 nm)

Part. Backsc. Coeff. (m 'sr™)
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KLETIT-FERNALD METHOD

In this way we obtain the profile of the particle backscatter coefficient
and from this the profile of particle extinction coefficient can be

estimated by:

A pan (R) = Lrpan‘ (R)/J)pan‘ (R)

An example:

8
— | r=20sT
7k —Lr=305r_
| r=40sr
e | r=50sT
6 s | r=60sT 4
s | r=70sT .Lr
sk — | r=80sTr pan‘

Altitude a.g.l.(km)

0
0.0

1.0x10° 2.0x107 3.0x10° 4.0x10>
-1 -1
Part. backs. coeff. 532 nm (km "-sr)

Altitude a.g.l.(km)

8
| r=20sST

7 s | r=50sT1 |
| r=80sST

090 1 0x1I0'1 2 0x1l0'1 3.0x10"

Part. extinct. coeff. 532 nm (km™)

AOD = ﬁ”a

20 sr
50 sr
80 sr

part

0.
0.
0.

(R)dR

17
33
44
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KLETIT-FERNALD METHOD

Improvement : K-F method constrained by AOD

photometer

1 - Aplication of K-F method with an initial value of Lr,,

2 — Computation of aerosol extinction profile and AOD from lidar:

apart (R) = Lrpanﬁpan‘ (R),AODlidar =j(; apart (R)dR = Lrpartj(; /))part (R)dR

3 — Comparison of AOD from lidar and photometer:

40D ~AOD,, |<¢

photometer

4 —Modification of Lr,,,, if necessary (go to 1)

This column-related Lr,,,, must be considered as an effective Lr

o L] part :
the true Lr,,, profile remains unknown
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SUMMARY ON K-F METHOD

» The K-F method allows for determining the 3, profile

part

» Numerical stability is given in the backward integration

» The reference range R, is usually chosen such that B, at R, is
negligible compared to the known 3

mol

» The most critical input parameter is the L,,,(R). This quantity depends
on the microphysical, chemical and morphological properties of the
particles, and can vary strongly with height, specially when the
atmospheric aerosols present a layered structure.

» The application of the K-F method constrained by AOD

for obtaining an an effective Lr but the true Lr
unknown

photometer allows

profile remains

part 7 part

» Variations between 20 and 100 sr make it practically impossible to
estimate trustworthy particle extinction profiles from backscatter ones
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MOLECULAR COMPONENT

As previously mentioned, the K-F method (and others that will be shown
later) needs the molecular component

B0 profile can be computed from the Rayleigh theory and ideal gas law:

O’ (n: -1)° (6+3p v Lo P(B)
AN’ +2)°\6-7p) * P, T(R)

/))mol (R) =

n. refractive index

0 depolarization factor (0.0301, 0.0284 and 0.0273 at 355, 532 and 1064
nm respectively)

N, =2.547 10" cm™ molecular number density for conditions of a
standard atmosphere at sea level

P, =1013.25hPa T, =15°C

Only pressure and temperature profile are needed
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MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 1: download radiosounding observations from...

http://weather.uwyo.edu/upperair/sounding.html

Department of Atmospheric Science

Station
Regi T f plot Y Month F T _
egion vpe of plo ear on rom o Number
South America ¥ | | Text: List v 12014 v | |[Jul v | |26/M12Z v | |26/12Z v | (80222

Click on the image to request a sounding at that location or enter the station number above.

SR IFUSP
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MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 2: if no radiosoundings nearby, use model data from NOAA
online: http://www.ready.noaa.gov/READYamet.php
Tl T =T

' & Air Resources Laboratory - %

L C M [9) www.ready.noaa.gov/READYametphp

P 5 iR

Conducting research and development in the fields of air quality, atmospheric dispersion, climate, and boundary layer

Enter search term(s) | Go |

i READY Archived Meteorology
* ARL site only All NOAA -

EARL Home Archived Model Graphics

Choose a forecast location by entering a 3 or 4-character station identifier or a 6-digit WMO index number or a
EHYSPLIT Model latitude/longitude pair and then click the Continue button, or by clicking on the location in the map. You will be taken to
@READY the model products section. Information on ARL’s data archive is available at http://ready.arl.noaa.gov/archives.php.

»READY News 3
wTransport & Dispersion *‘ Select a Location }

» Get/Run HYSPLIT Using a Code Identifier OR By Selecting a U.S. or World City

»HYSPLIT Forum . . i
»Volcanic Ash Airport or WMO ID: Search for Code Or choose a city > v

» Short-Range Ensemble
Dispersion Forecasts

»Gaussian Plume Model

» Balloon Flight Forecasting Latitude (degrees) nvert Dea/Min/Sec into Decimal Degrees

Tools

» Current & Forecast Longitude (West < 0)

Meteorology

» North America
»Archived Meteorology >>
» North America
» Air Quality
» U.S Trajectories
» Smoke Forecast
Verification
»Emergency Assistance
»RSMC Products
»RSMC Information
»Internal Use Only
» READY Status
» READY Tools

| Continue | | Reset |

OR click a location on the map below.




MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 2: if no radiosoundings nearby, use model data from NOAA
online: http://www.ready.noaa.gov/READYamet.php

ys o TS R S

€« C M [1 www.ready.noaa.gov/ready2-bin/mainarc.pl

ARL

Air Resources Laboratory
Conducting research and development in the fields of air quality, atmospheric dispersion, climate, and boundary layer "

ARL Home > READY > Archived Meteorology > READY Program Options Menu

READY Program Options Menu
READY PRODUCTS FOR LOCATION: 37.16 -3.61

DISPLAY PROGRAM METEOROLOGICAL DATA
What is UTC, GMT, Z time? Information on archived datasets
METEOROGRAM -——------—-Choose An Archived Dataset-——------— ¥ \ Go |
WINDGRAM ---eeeeeeee-—-Choose An Archived Dataset--—--------- ¥ \ Go |
WINDROSE ——————Choose An Archived Dataset-—————— v | | | ﬁa |
P—— —— l
I SOUNDING GDAS (1 deg. 3 hourly, Global) v|||Go | I
|
STABILITY TIME-SERIES | | el Choose An Archived Dataset--—-------—-—— v | Go |
2D MAP (NCARGRAPHICS) | | e Choose An Archived Dataset--—------—-—— MERE
2DMAP (PSPLOT) || e Choose An Archived Dataset-----—-—---— Y| || Go
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MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 2: if no radiosoundings nearby, use model data from NOAA
online: http://www.ready.noaa.gov/READYamet.php

' & READY - x

€« C' A [ www.ready.noaa.gov/ready2-bin/listarcfile.pl?product=profilela&userid=3846&metdata=GDAS1&mdatacfg=GDAS

ARL

Air Resources Laboratory .
Conducting research and development in the fields of air quality, atmospheric dispersion, climate, and boundary layer '

ARL Home >READY > Archived Meteorolo > Choose Archive File

—
Select the GDAS1 File for the Period of Interest } i

GDAS1 Meteorological File: | current7days ¥ || Next>> \
) view archives.php web

For data availability (what's missi

FILE FORMAT OF THE ARCHIVE DATA:
If available, the current 7 days of data are located in the file called:

current7days
otherwise,
gdast.mmmyy.w#
where,

mmm = 3 letter month (jan=January)

SR IFUSP

vy = 2 number year (05=2005)

w# = w1 for the first 7 days of the month 63




MOLECULAR COMPONENT

How to obtain T and P profiles?
Option 2: if no radiosoundings nearby, use model data from NOAA

online: http://www.ready.noaa.gov/READYamet.php
V& reaov- x
< C' M [) www.ready.noaa.gov/ready2-bin/profilela.pl

ARL Home > READY > Archived Meteorology > GDAS1 Sounding

GDAS1 Sounding

The GDAS1 archive file contains data beginning at 0000 UTC 7/22/2014.

ﬁ Change Default Model Parameters and Display Options }

Time to plot (start time for animation)§ Month: |07 v Day: 22 v Hour: |12 v I

Animation: ® None GIF Flash Javascript ‘ Duration: | 24 ¥ | hours
Type: ® Full Sounding Only to 400 mb

Output Options: Graphic and text I  Textonly

Graphics: Text Listing ® Skew-T Log-P Al

Profile graphic size (dpi): | 72 84 | ® 96 | 120 l
Create PDF? Yes ® No

HHTMOJCPM T TCPHY VY
GWHUGYBMIBUNMNEHR
LC
N L

TV MIVWE B 'F) W,
LELRLYY
W Vil i X! KoY
MQINTJYBEMBYNPKC
EUPJZEZZLQOCCWD

Enter the access code from the box above to request product (case

insensitive): ||| RL v | Get Sounding | | Reset |

Type your access code (displayed at right) into the text box. This code is an
image that cannot be read by a computer. This access code prevents automated
programs from requesting access to READY products, which have saturated the
system denying others from obtaining products in a timely manner.

READY Use Agreement




MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 2: if no radiosoundings nearby, use model data from NOAA

online: http://www.ready.noaa.gov/READYamet.php
V& recov- O - ———

&« C M [3 www.ready.noaa.gov/ready2-bin/profile2a.pl

ARL Home > READY > Archived Meteorology > GDAS1 Sounding

GDAS1 Sounding

GDAS1 Sounding for location: 37.16 -3.61

Another sounding “ Another product “ Another location ]I Start over
File start time : 14 7 22 0 O
File ending time: 14 7 28 21 O
Chesen date in metecorclogical file: 14 7 22 12
YR: 2014 MON: 07 DAY: 22 HOUR: 12 AT POSITION: 357.4 128.2 LAT.: 37.16 LON.: -3.61
PRSS: 0.9169E+03
MSLP: 0.1016E+04
TPP6: 0.0000E+00
UMOF: 0.1810E-01
VMOF : -0.8032E-01
SHTF: 0.2457E+03
DSWF: 0.6276E+03
RH2M: 0.2975E+02
U10M: -0.1930E+00
V10M: 0.2643E+01
TO2M: 0.3012E+03
TCLD: 0.0000E+00
SHGT: 0.8937E+03
CAPE: 0.0000E+00
CINH: 0.0000E+00
LISD: 0.2771E+03
LIB4: 0.4349E+01
PBLH: 0.7327E+03
TMPS: 0.3160E+03
CPP6: 0.0000E+00
SOLM: 0.1796E+00
CSNO: 0.0000E+00
CICE: 0.0000E+00
CFZR: 0.0000E+00
CRAI: 0.0000E+00




MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 2: if no radiosoundings nearby, use model data from NOAA
off-line

Download HYSPLIT software from:
https://ready.arl.noaa.gov/HYSPLIT.php

Download GDAS meteorological data from:
ftp://arlftp.arlhg.noaa.gov/pub/archives/gdasl/
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MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 2: if no radiosoundings nearby, use model data from NOAA
off-line

=] X
|
ed

Meteorology ’7 Trajectory Concentration Advanc

HYSPLIT4

An integrated system for computing
Trajectories, Air Concentration, and Deposition
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MOLECULAR COMPONENT

How to obtain T and P profiles?

IV IVUUL Y

Option 2: if no radiosoundings nearby, use model data from NOAA
off-line

| Meteorology Trajectory Concentration Advanced

—————————————— HYSPLIT4
ARL Data FTP An integrated system for computing
ljectories, Air Concentration, and Deposition

AANIN | TANINN]ITTI\W ¢
diINyY L JINVvUAd YV

Convert to ARL »

]
J
(
C
C
r
(
r
C
C
C
]
]
(
§
(

DINV [ LSV UALINTI i [\ 1|

D D Check File

Utilities Contour Map

Heteozology Help

| ——
Grid Domain
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MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 2: if no radiosoundings nearby, use model data from NOAA
off-line

Meteorological Data Data E‘ﬂu

Displays a text meteorological data profile (file:profile.txt) for an
ARL formatted data set. Defaults (zeros) to grid center location for
the first time period.

:/hysplitd dasl.mayld.wd

Wind Display:| (¢ Vector |{ Polar

Time offset (hrs): &« 0 C 2 C 3 C 6 ¢ 12 ¢ 24 ¢ 48

Time increment (hrs):("O("l("("G("12t“24

Profile Location | Lat: |37.16 Lon: |—3.61 |
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MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 2: if no radiosoundings nearby, use model data from NOAA
off-line

P
# SIMULATION LOG |nl£hlg
METEOROLOGICAL PROFILE LISTING ... |7

Meteorological Profile: gdasl.mayl4d.wd \

File start time : 14 522 0 O
File ending time: 14 5 28 21 O

Radiosoundings for the
whole week each 3 h are
computed

Profile Time: 14 522 0 O
Profile Location: 37.16 -3.61 (357,128)

PRSS MSLP TPP6 UMOF VMOF SHTF DSWF RH2M Ul0OM
SOLM CSNO CICE CFZR CRAI LHTF LCLD MCLD HCLD

hPa mm
927

927 1015 0 -5E-2 -4E-2 -18.1 24.0 90.4

Go to folder: .../hysplit4/working to find your file “profile.txt”
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MOLECULAR COMPONENT

How to obtain T and P profiles?

Option 3: if no radiosoundings nearby, use standard atmosphere scaled
to your surface temperature and pressure

500

Atmospheric | dT/dz

laVer(km) (K/ km) L Air molecules
0-11 -6.5
11-20 0
20-32 1.0 = .
32-47 28 g - Air density
47-51 0
51-71 2.8
71-86 -2 B e —
0
T=Ty—Vy: z T oy ——
Z W st

p=po-e H pe—
where T, and P, are measured surface temperature and pressure (co- S IFUSP
located meteorological station) and H is the so-called “scaled height” 09 P2k
with H=8.42 km 71




RAMAN METHOD

To solve the problems associated with the elastic backscatter lidar
several solutions have been proposed

The Raman lidar measures lidar return signals elastically backscattered
by air molecules and particles and inelastically (Raman) backscattered

by nitrogen and/or oxygen molecules

Raman lidar systems detect the
wavelength-shifted molecular
return produced by rotational
and vibrational Raman scattering
from the chosen molecule
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RAMAN SCATTERING

Elastic scattering : scattered frequency equal to incident one

Raman scattering: scattered frequency shifted in a known amount
depending on the scatterers

— o — o — T ULEE — —— —

,. (J A lovel

hvy ¥ -
Y Er Vibrational
£ levels
" Es

_ _ _ Stokes radiahon Anti-Stakes taclatioi L .

vV, =V, —‘AV‘ (a) (by v,=v+ ‘Av‘
- — — AE
Av=v, —v =—r
hc,

Key: this shift characterizes each molecule SR IFUSP
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RAMAN SCATTERING

Shifts for N, molecule:

355 387
488 551
532 607

The strength of Raman signals is a factor of 20 (rotational Raman lines)
to 500 (vibration-rotational Raman lines) lower than the one of Rayleigh
signals

The Raman lidar is mainly used during nighttime in absence of the
strong daylight sky background
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RAMAN LIDAR EQUATION

C ~ [lerCe. 2 )+ (e Agaman) Jix
P(R9 )LRaman) = })O ()I'L P O(R)/J’Raman (R9 A’Raman )e jj

P(R,Araman) = power received by the system after backscattering from
range R

P (A;)= power transmitted

C =lidar calibration constant

Braman(RARaman) (Kmsr1) is the Raman molecular backscatter coefficient
Brart(R,A;) does not appear in the equation

The only particle scattering effect on the signal strength is the attenuation

o(R,A;) describes the extinction on the way up to the backscatter region
and o(R,A,..,) the extinction on the way back to the lidar
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ELASTIC VS. RAMAN LIDAR EQUATION
PR ) = ) S (RN R P o P2

2 [, |

PR = (7)o ORNB R + (R N

m— 532 NM
m—— 607 Nnm

Elastic lidar signal

-/(particles + molecules)

Raman lidar signal
(molecule, N,)

Altitude a.g.l. (km)

SR IFUSP
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RAMAN METHOD: PARTICLE EXTINCTION

Starting point: Raman lidar equation

C ~ [l G,y )+ @ (6, Agaan ) Hix
P(R9 ARaman) = })O (AL F O(R)/))Raman (R9 ARaman )e jj

... some considerations:

> the overlap is assumed to be complete, O(R)=1 2 R>R ;.

7 PBraman RAraman) 15 calculated from the molecular number density
Nraman Which is the N, or O, molecule number density and the

Raman backscatter cross section:

do

[)’Raman(R9/1Raman) = NRaman(R).% (‘77:9/1Raman)

> Ngraman (R) is calculated from actual radio-sounding observations
or standard atmosphere temperature and pressure profiles
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RAMAN METHOD: PARTICLE EXTINCTION

After some operation on the Raman lidar equation that include the use of
the Raman backscatter coefficient and the logarithm derivation of the

equation, we obtain: ]
d N Raman (R )

a(R,A,)+a(R,A —n
( L) ( Raman) dR R.C.S-(RD/IRaman)

Total extinction coefficients are caused by particles and molecules.
Therefore, the particle extinction coefficient is:

part(R )1' ) + apart(R /‘l’Raman)
_ iln |: NRaman(R)

- amol(R9)1’L) - amol(R’ A’R

aman)

" dR |RCS.(R,A, )
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RAMAN METHOD: PARTICLE EXTINCTION

To obtain the particle extinction coefficient at the transmitted wavelength
we have to introduce the k-exponent which describes the wavelength

dependence of the particle extinction coefficient for this spectral range:

(A) x A’ ¢ ‘ a art(j’ ) = apart(j’Raman)(ﬂv /ARaman)

part
k =1 for particles at these “small” spectral ranges [A;, Ag.manl
[355, 387] nm
[532, 607] nm
Solution:
d N R) |
ZIn Raman( ) —amOZ(Rp/‘LL)_amol(R’ARama”)
dR RCS.(R,A,,,..)
A (R AL ) = o k
1+ —%
\ )]’Raman

(without any assumption on Lr,, )
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RAMAN METHOD: PARTICLE BACKSCATTER

Because now o, (R) is known, B,,(R) can also be calculated using the
elastic lidar equation

Elastic lidar equation:

C 2 [ a(x, 2y )dx
P(R.A) = By(3,) 2 OB\, (R.2,) + B (R A

Raman lidar equation:

C ~ (a2 )+ e (e Aggman) Jix
P(R9 )I'Raman) = E) ()"L ) R_]; O(R)/J)Raman (R9 /‘LRaman )e jj

do
where /)’Raman(R9A'Raman) = NRaman(R). e (ﬂ’iRaman)
By forming the ratio: P(R, 2, )P(Rys Araman)
P(RO > /114 )P(R’ /lRaman)
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RAMAN METHOD: PARTICLE BACKSCATTER

Inserting the respective lidar equations and rearranging the resulting
equation, the solution is:

ﬂpart (Ra )]'L) = {ﬁmol (Ra }’L 1 +

B (Ros 2y | 4 B (Ros )

P(R /IL )P(RO s Ramai/v Raman (Rl eXp{j; I:apart (x’ A’Raman) amol (x, /lRaman }ZX

P(Ry-A)P(R, A Raman(ROb expi— jj: [apart(x,AL) a, (x4, ]dx

» overlap effects cancel out because {3, is determined from the ratio of
two lidar equations: f3,,,, 1S determined even at R very close to the lidar

» the air density, B, and o, must be estimated from measured or
standard atmosphere profiles of pressure and temperature

» lidar signals are measured by the instrument

» as in the Klett method, a reference value for f,,, at R, must be
estimated. It is recommended to choose R, in the " upper troposphere
where particle scattering is negligible compared to Rayleigh scattering
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RAMAN METHOD: LIDAR RATIO

Finally, the height profile of the particle lidar ratio can be derived
through the independent determination of a ,,,,; and {3,

apart(R9 j’L )
/)’part(R9 AL 2

Lpart(R7 j’L) =

7 T L] L] 7
m— 532 nm 532 nm — 532 nm

6 6L 6
=5 _5F _5
S £ S
= =~ X
—a} =4} =4t
” a ot
© © ©
% o )

3F T 3L T3t
= 2 2
= k= B
< < <

2 2 b 2

1F b 1F - 1k

0.0 1.0x10" 2.0x10" 3.0x10" 4.0x10" 0.0  2.0x10° 4.0x10° 6.0x10° 8.0x10° 0 50 100 150

. -1 -1 -1
Part. extinc. coeff. (m ) Part. backs. coeff. (m "-sr ") Lidar ratio (sr) Srb IFUSP
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SUMMARY ON RAMAN METHOD

» The Raman method allows for independently determining the o.,,(R)
and f,,,(R), and therefore also L,,,«(R)

part

» Lidar ratio assumptions or other critical assumptions are not needed

» The reference range R, is usually chosen such that . at R, is
negligible compared to the known 3

mol

» Bpare can be obtained even at altitudes very close to the lidar, due to

overlap effects are canceled out because f,,, is determined from the
ratio of two lidar equations

» Multiwavelength Raman lidar provides this information at several
wavelengths. The “multiwavelength® information allows obtaining
particle microphysical properties
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LIDAR DEPOLARIZATION

» A fundamental principle of light is that the electric field E-vector of the
electromagnetic wave at any instant of time displays some orientation
in space

» This orientation can be fixed (linearly polarized light), rotating with
time (circularly or elliptically polarized light) and randomly changing
with time (natural light). Importantly, any state of polarization can be
converted to any other state with the help of a set of optical devices

» Pulsed lasers generally used in lidars produce linearly polarized light

» The lidar depolarization technique involves the transmission of a
linearly polarized laser pulse and the detection via a beam splitter of
the perpendicular and parallel planes of polarization of the
backscattered light
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LIDAR DEPOLARIZATION

» According to Mie theory, spherical particles always backscatter linearly
polarized electromagnetic radiation in the same (incident) plane of
polarization. A variety of approximate scattering theories predict that
non-spherical particles introduce a depolarized component into the
backscattered radiation

» Application of depolarization measurements is discrimination of
spherical versus non-spherical aerosol particles and liquid and solid

phase clouds
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LIDAR DEPOLARIZATION

| |
Detection perpendicular and Detection perpendicular and
parallel total
o 532
e Cam [,
51secondary mirror
. 532s
»
ey =0 i
:-—E(; ii - elect-ronics
/ dichroic beamsplitter
Configuracién i 50/50% beamsplitter
eapane primary telescope mirror / mirror
Granada lidar (MULHACEN) Evora lidar (PAOLI) SR IFUSP
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LIDAR DEPOLARIZATION

Starting point: elastic lidar equation

P(R.2) = B,(A) 5 C ORBR 2y L

Lidars use polarized light, and many of them are able to discriminate
between components. The elastic lidar equations for both components are
(dropping the wavelength dependence):

P/(R)=P, C _O(R)B'(R)e 2

P(R)=P %O(R)/J’ LRy Bl ke

Initial definition of ”depolarlzatlon ratio”:

C /)) (R) jﬁ (et )]d _ /)’ (R) e’j[a(x)—aL(x)]dx _ /)’L(R)
ClBl( R)e‘zjf @ (x)dx B'(R) B'(R)  |skiruse

" (S(R)"
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LIDAR DEPOLARIZATION

Several definitions:

__ Molecy|gy
Mess came from the beginning;: ratio
. : e
- different instrumental setups - ® 500
: . QF a(\la“
- different research interests ®, 3ep° =
P L Y
o lotal 3
% voy, O linear

1-. Volume linear depolarization ratio:

R PR+ B (R CPHR) . PR
B'(R) Bl R+ (R C PR PR

0,(R)

4 Features:
-components: particles and molecules

- signals: cross and parallel
-no processing on raw data
-no overlap effects goflg IEUSP
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LIDAR DEPOLARIZATION
—i*—

volume linear depolarization ratio Part.+mol ; cross and parallel; raw data

volume linear depolarization ratio (total)
particle linear depolarization ratio

particle linear depolarization ratio (total)

2-. Volume linear depolarization ratio (total):

5791 (R) = B (R) B (R) Birri(R) + B (R)

' AR B R)+BR) BL.(R)+BL(R)+ Bl (R)+ L, (R)
_ Ctotal PJ_(R) _K PJ_(R)

N (R) el piowl (R) ... definitions of J, and s

4 Features: 0,(R) = ? ((g)) - 3,(R)
-components: part. and mol. K 0,7 (R) = 5 (R)+1

-signals: cross and total 5 (R) = p(R) ' W rusp
-no processing on raw data ' B (R)+p'(R) s 13E
-no overlap effects %




LIDAR DEPOLARIZATION
Table of depolarization’s parameters
ﬁ—

volume linear depolarization ratio 5 Part.+mol; cross and -
v parallel; raw data
volume linear depolarization ratio (total) 5 total Part.+mol ; cross and total; 5ot ( R) _ 5v (R)
v raw data v ) (R)+1
particle linear depolarization ratio
particle linear depolarization ratio (total)
3-. Particle linear depolarization ratio:
1
5 (R) — /))part (R) — Rbacksév (5mol t 1) — (Smol (5\/ T 1)
part I
ﬁpart (R) Rbacks (5mol + 1) - (5\/ t 1)
B 4B backscattord ; 4 Features:
! rmg rau ;
= W}j mol DAC SCZ € i at © -components: particles
ran naen .
5t wi (range dependent) -signals: cross and parallel
Ot =1 molecular depolarization | -retrieved backscatter coeff.
B (range independent) -overlap effects if K-F is used
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LIDAR DEPOLARIZATION
S,

volume linear depolarization ratio

Part.+mol; cross and -
parallel; raw data

volume linear depolarization ratio (total) 5 total Part.+mol ; cross and total; total _ J,
v raw data v 5 +1

particle linear depolarization ratio S Part. ; cross and parallel; 5 = Routs0,(0py +1) =0,/ (9, +1)
part  retrieved data part R, ..(0,, +1)=(J,+1)

particle linear depolarization ratio (total)

4-. Particle linear depolarization ratio (total):

/));J?_art (R) _ Rbacksév (5mol + 1) B (5mol (5\/ + 1)

ot () - L)
ar otal
i ;mtft (R) o, ,+D)0,+D)R,, . -1
... definitions of & _ and 5 “:
/ Features: P N (R) part part
-components: particles (Spm (R) = TL
-signals: cross and total Brarn(R) fotal 0,0n (R)

R = Frr®) R+

-retrieved backscatter coeff. rotal
-overlap effects if K-F is used part (R) = total (R)

part
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LIDAR DEPOLARIZATION

Summary of depolarization’s parameters

volume linear depolarization ratio Part.+mol; cross and
v parallel; raw data -
volume linear depolarization ratio (total) ol Part.+mol ; cross and total; oial 0
; raw data =
0,+1
particle linear depolarization ratio (5 Part. ; cross and parallel; Rbackgé (5mol +1)- §mol(§v +1)
retrieved data =
art part
P ‘ Rbacks ((Smol + 1) - (51) + 1)
particle linear depolarization ratio (total) total Part.;crossand total; wa Ryyy0,(0, +1) =06 (0, +]1)
5 retrieved data 5},[,,, =

(0,01 + DO, + D(Ryss = 1)
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LIDAR DEPOLARIZATION

» great range of aerosol shapes

» many aerosols consist of spherical particles: very small aerosols
(small size parameter), anthropogenic aerosols, volcanic acid sulfuric
droplets, sea drops released by the action of wind on water waves...
All shows low volume linear depolarization ratio

» irregularly shaped aerosols (particularly volcanic and desert dusts
and partially crystallized acid droplets) show larger volume linear
depolarization ratio

SR IFUSP
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LIDAR DEPOLARIZATION

Aerosol type Volume linear depol. ratio
arctic haze ~0.013
PBL (anthropogenic) 0.02-0.10
ammonium sulfate droplets 0.02
ammonium sulfate 0.10-0.12

after crystallization

NaCl droplets 0.06-0.12
partially crystallized
desert dust (Sahara) ~ 0.15-0.30
desert dust (Gobbi) ~0.18
desert dust (Taklamakan) 0.11-0.19
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Height a.s.l.{m)

LIDAR DEPOLARIZATION

Sou LR

R.C.5. 532 nm Volume linear depolarization ratio

O )
00:30 01:00 01:30 02:00 02:30 03:00
01/04/2011 02/04/2011 02/04/2011 02/04/2011 02/04/2011 02/04/2011 02/04/2011 0z2f04f2C
Time

TN\ C O\ 1\/
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SUMMARY ON LIDAR DEPOLARIZATION

» The lidar depolarization technique is based on the fact that spherical
particles always backscatter linearly polarized electromagnetic
radiation in the same plane of polarization, whereas non-spherical
particles introduce a depolarized component into the backscattered
radiation

» Due to the different definitions for depolarization parameters, it s
necessary to clarify what is used (parallel vs. total;, particles vs.
particlestmolecules)

» Mainly, spherical particles show J, <0.10 and non-spherical particles
show 9,~0.15-0.30
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MICROPHYSICAL PROPERTIES

In nature, particle size distributions can be described rather well by
analytic expressions such as logarithmic-normal distributions:

dn(r) = eXp | — 5 dinr
V2mrlno 2 (Ino)
dn( r) number concentration of particles in the radius
interval [Inr,Inr+dInr]
n total number concentration
Nood N mode radius with respect to the number concentration
O mode width (geometric standard deviation)

This is a monomodal distribution, however multimodal distributions
(i.e. sum of >2 monomodal distributions) can be found
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MICROPHYSICAL PROPERTIES

From the number concentration, other distributions can be obtained:

Number ni (ln r —In rmod,N)z
concentration dn(r) = EXp | — 3 dinr
distribution: Vimlno 2(Ino)

Surface-area Volume 4 |
concentration dg(7) = 4er2dn(r) concentration Av(r) =~ dn(r)
distribution: distribution: 3

Integrated properties of the particle ensemble determined from the
inverted distributions are:

Effective Total surface-area Total volume
radius: concentration: concentration:

‘nr)rid 4
Feff = ;:E:;:z d: a; = 4m / n(r)r’dr v = 3 f n(r)r’dr
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MICROPHYSICAL PROPERTIES

a )

IF SUNPHOTOMETER IS USED:

- the drawback is that two colocated
instruments are needed
simultaneously to provide reliable
data on the same particles

- different observational geometry of
the instrumentation

- thus represents an additional source

- only daytime data

\_ J

A variety of methods have been proposed since the early 1970s. Examples:

- uses the spectral information contained
in the backscatter and extinction
profiles at several wavelengths and its
change with the particle size

- limitation in number of wavel.
- in most cases only night time data

- high data quality

I alaYat: oY VaYallatY aiY,
ovoouddy

S\ I\ /11T

(@ AN

DNV e V U=l NI NI I\Y [
AANIY 1 =1 1A\ 117

AN Y ALJdINWAA Y

]
(
¢
C
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METHOD OF INVERSION WITH
REGULATIZATION

It is the standard method for the retrieval of particle microphysical
properties from multiwavelength Raman lidar observations

Input: spectrally resolved particle backscatter and extinction coefficients

The optical data are related to the physical quantities by the Fredholm
integral equations of the first kind:

rmax
g.(4,)= jKi (r,m, A, ,s)v(r)dr+&"(A,)

Fnin

i:ﬂ(le;' y aae;' ) k :], ceey n
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METHOD OF INVERSION WITH
REGULATIZATION

max

g (4)= jKi (r,m, A, ,s)v(r)dr+ & (A,)

Fiin

i:,Baer, Qaer , k:], ..., 1
g. (A ; )  optical data at wavelengths A, at a specific height R

j kind of information, i.e., whether it is the particle
backscatter or extinction coefficient

k wavelength: 355, 532 and 1064 nm

exp / . . i . .
& ()uk ) experimental error of backscatter or extinction coefficients
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METHOD OF INVERSION WITH
REGULATIZATION

g (4)= _[K (r,m, A, ,s)v(r)dr+ & (A,)

s min

i:,Baer, Qaer , k :], ..., 1

K. (r,m, A, ,s) kernel functions of backscatter and extinction, depending
on radius, complex refractive index, wavelength and shape
of particles

For spherical particles, are calculated from the respective
extinction and backscatter efficiencies for individual
particles weighted with their geometrical cross section 7tr?

3
K(rm)\s——Qrm)\)

v(r) volume concentration distribution of particles
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METHOD OF INVERSION WITH

REGULATIZATION

max

g (4)= jKi (r,m, A, ,s)v(r)dr+ & (A,)

min

max

Fiin

i:,Baer , Qaer k :], ..., 1

radius down to which particles are optically efficient. For
measurements > 355 nm (typical in lidars), the minimum
particle size is 50 nm (in radius)

radius at which concentrations are so low that particles no
longer contribute significantly to the signal (typically < 10
microns in troposphere)
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METHOD OF INVERSION WITH
REGULATIZATION

To simplity, the subscript p will be used summarizing the kind and
wavelength of optical data:

! max

g, = IKP (r,m)v(rydr+e&." where p = (I, 4k)

Fmin

- it can not be solved analytically

- the microphysical retrieval from lidars is an ill-posed inverse problem

- incompleteness of the available information: small number of
wavelengths and only backscatter and extinction information is
available

- non-uniqueness of the solutions: highly complex structure of
tropospheric aerosols (maybe multimodal , of variable shape, particle
refractive index can be wavelength-dependent)
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METHOD OF INVERSION WITH
REGULATIZATION

- even uncertainties as small as round-off errors in the input data lead to
disproportionately large changes in the final solution

- measurement errors are much larger than round-off errors

- different combinations of microphysical parameters may lead to
similar optical properties within the measurement uncertainty

- many improvements have been done during the last decade. The most

important: the reduction of measurement wavelengths to a realistic

number

- the minimum number of wavelengths is three (355, 532 and 1064 nm)
assuming simplifications for complex refractive index: the so-called 3+2

lidar systems (3 backscatters, 2 extinctions)

- the accuracy increases if backscatter up to six wavelengths are used
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METHOD OF INVERSION WITH
REGULATIZATION

To solve the equation:

1113\

gp — IK (;ﬂ m)V(V)dI"-I-EeXp Where

— (l, /1/()

! min

.. V(1) is discretized by a linear combination of triangular base functions
B {(r) and weight factors w.as .

V(I") ZW B (r)_l_gmmh( )

CONCENTRATION, LINEAR SCALE

B, B, B, B, B, B, B, B

gl (r') is the mathematical residual error
caused by the approximation with base
functions

- By(r) are distributed equidistantly on a
logarithmic scale (to reproduce the high
dinamic range of particle size distributions)

- minimum number of By(r) is the number of
input parameters

g fp Iy Ty Tg g I Ty
RADIUS, LOGARITHMIC SCALE

- typical number of By(r) is 8

SR IFUSP

109



METHOD OF INVERSION WITH
REGULATIZATION

In general the exact position of the investigated particle size distribution
over the size range used is not known

To solve this: used of a inversion window of variable width and variable
position over the investigated size range

No sensible solutions are obtained if the inversion window does not
cover the position of the investigated particle size distribution

Currently 50 different inversion windows within the particle size range
from 0.01 to 10 um are used to obtain an estimate of the position of the
particle size distribution
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METHOD OF INVERSION WITH
REGULATIZATION

Rewriting the equations into a vector-matrix equation:

g=Aw + ¢

e N T—

g=[g]  A=[Ay] w = [wj] & = [&]

optical data  weight matrix =~ weight factors errors
rmalx ol a1
A4, (m)= J.I&p (r,m)B (r)dr

Finin

The simple solution of this equation for the weight factors is:

w=A" g+¢g
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METHOD OF INVERSION WITH
REGULATIZATION

w=A" g+ g’

It fails to provide reasonable results although the optical data can be
reproduced within the error limits € Why?

High dynamic range of several orders of magnitude of the elements of
A and A"

The term &’ = -A ¢, which describes the respective errors, and A,
which denotes the inverse of the matrix A, lead to error amplification
of the solutions

How to solve it? Application of a procedure called regularization
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METHOD OF INVERSION WITH
REGULATIZATION

Procedure of regularization: it is used to reduce the number of solutions
by restricting the highest acceptable difference between the vector Aw
and g:

2

5

2
e = H8 Aw—g

Only solutions that minimize € are accepted

However, due to smoothed size distributions are expected, the penalty
function I'(v) is introduced and the minimization problem is rewritten as:

& = e’ =|aw-g|f + ()

OO O O = Ut

where I(v)= w Hw [

/ \H:

transposed
vector w

|
SO OB OB

O OO H=O
|

OB OB KHOO
|
H R OB RO OO
|

.b—ll\Db—‘OOOOO'

SO OO OHHNM
N Ok = OO OO
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METHOD OF INVERSION WITH
REGULATIZATION

Therefore...
W= (ATA +y H)‘IATg

The final solution is:

v(r) = ZWJ-BJ- ()

Errors:

effective radius: ~20%

volume and surface-area concentrations: <+50%
real part of the complex refractive index: +0.05,
imaginary part: £50%

number concentrations >+50%
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METHOD OF INVERSION WITH
REGULATIZATION

An example of forest fire smoke (17/10/2011):

45

18, 19 october

Reff (um) 0.15+0.03 (20%)
S(um’cm™)  376+130  (35%)

é 40 - V(gm’cm™) 18+8 (44%)
E CRI,,, 1.61+0.13  (8%)
CRI;,.. 0.018 +0.012 (67%)

35

Pereira et al. (2014)

Longitude
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METHOD OF COMBINATION OF LIDAR
AND SUNPHOTOMETER

> Sun-photometers: widespread tool to retrieve column integrated
values of aerosol optical, microphysical and radiative properties

N the vertical profiling of aerosols in the atmosphere.
»roperties profiles are not easy to derive

= —=#0[ multiwavelength lidar data
profiles of aerosol microphysical properties,
algorithm developed in the National Acad

Belarus
/A C,% STk IFUSP
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LIRIC

LIDAR SUN-PHOTOMETER
* 3 elastic backscattered signals AERONET Retrieved properties:
(355, 532 and1064 nm) * columnar particle size distribution
 parallel and cross-polarized * volume concentrations
backscattered signal (532 nm) * refractive index
 radiative properties

- fine mode concentration profile -AOD
- coarse mode concentration profile: - column mode concentrations
spherical/non-spherical if - integrated backscatter

depolarization is available
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LIRIC

LIDAR SUN-PHOTOMETER
* 3 elastic backscattered signals AERONET Retrieved properties:
(355, 532 and1064 nm) * columnar particle size distribution
 parallel and cross-polarized * volume concentrations
backscattered signal (532 nm) * refractive index
 radiative properties

i — 355 nm
[ 1 ——532nm |
—— 1064 nm - ~
=
—~ 5 \\ | =,
i N E
Eqli T =
3 l >
_g ! E © o o o
E 3j \ (\ | 0.1 1 10
< i \ R adius (um)
_| \ N
2 J:; ‘, /—-/_
i - ]
5 /’/ //—
1 f/./"" -
BT L IFUSP
0 1x10° 2x10° 3x10° 20\5

R.C.S.(a.u.)
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LIRIC

LIDAR SUN-PHOTOMETER
* 3 elastic backscattered signals AERONET retrieved properties:
(355, 532 and1064 nm) * columnar particle size distribution
 parallel and cross-polarized * volume concentrations
backscattered signal (532 nm) * refractive index
 radiative properties

> the results of sun-photometric measurements represent the “truth”
particle properties over the atmosphere

> the objective is to construct the particle vertical distribution matching §&b =
both the integrated aerosol properties observed by ground-based
radiometer and the vertically variable signal of multi-wavelength lidar
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LIRIC

LIDAR
3 elastic backscattered signals

(355, 532 and1064 nm)

* parallel and cross-polarized

backscattered signal (532 nm)

SUN-PHOTOMETER

AERONET Retrieved properties:
* columnar particle size distribution
 volume concentrations
 refractive index
 radiative properties I
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LIRIC 30/07/2012 10:00-10:30
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TEST #1: ZERO-BIN AND BIN-SHIFT

Lidar (light detection and ranging) ... but ranging based on timing

scatterers

A A

ty = R/c Ideally laser and chronometer are
synchronized

R = range In practise... not

v
wrong range determination!!!

ttotal = tup + tdown =2 R/C

SR IFUSP
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TEST #1: ZERO-BIN AND BIN-SHIFT

Zero-bin test: a target is placed at the output of the laser window in
order to produce strong backscattered radiation. Thus, the first intense

peak observed by the detector system should correspond to the zero
position of our measurements

R < Az

Our target is placed at zero-bin,
however...
telescope Laser beam
output ZERO-BIN TEST file: Zero-Bin-0355-AN-me-LOA-UNAL.txt
70 T T T T 3
wavelegth: 0355 nm
60 mode: AN _
zero-bin position: 14 bins
zero-bin position: 105 m
50
El
. s
i S\ VS P i 40
- % - ot 2
Iy \\\—V—/’/ .:;-/ 2 30
X =5 &
s lidar 20}
LN
o £ y oo -~ - 10l 20"]\9) I.FUSR
]
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TEST #1: ZERO-BIN AND BIN-SHIFT

This test was only carried out for AN signals, since the saturation
suffered in PC mode at close height range could lead to wrong results

For measuring a possible delay between AN and PC signals (bin-shift),
target as clouds or aerosol layers are used

) BIN-SHIFT TEST file: Bin-Shift0355-Manaus.txt

| N —
4 =

Normalized RCS (a.u.)

I I I I I |
0 2 4 B 8

Altitude (km agl)
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=]

Normalized RCS (a.u.)
o,

TEST #1: ZERO-BIN AND BIN-SHIFT
7/ 4

Bin-shift is determined by the best
linear fit between AN and PC signals
fixing the AN signal and displacing
the PC signal from -20 to +20 bins

Normalized RCS (a.u.)

BIN-SHIFT TEST file: Bin-Shift0355-Manaus.txt

“l ==-measured PC -5 bins

——measured An
measured PC

==-measured PC +0 bins

4 16 18 2 22 24 28

_lwavelegth: 0355 nm l
norm. range: 4 -5 kmi agl

investigated range: 35.5 -4.5 km agl

In this case,
Bin-shift = - 9bins

bing® = bing™ + Abingy_pc Wi
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TEST #1: ZERO-BIN AND BIN-SHIFT

Example of results for system sp-CLA-IPEN-MSP-LIDAR-I (Sao Paulo)

bing© = bing" + Abingy_pc

Channel Zero-bin AN Bin-shift Zero-bin PC
(nm) (bins) (bins) (bins)
355 8 -10 -2
387 8 -10 -2
408 8 -10 -2
532 1 -2 -1
607 6 -9 -3
660 7 -9 -2

To properly use the lidar signals, the some bins of the AN signals
must be removed and several blank bins must be introduced in the
PC signals following this table
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TEST #2: DARK CURRENT

Dark current (DC) is the response exhibited by a receptor of radiation
even during periods when it is not actively illuminated

- -measurement taken by covering

telescope  Laser beam totally the telescope or detectors
performed with enough averaging
time (~10 min)

Y Ay . -all parameters (voltages, pulse
e Sl 7 e .. f

X I Y .\ repetition frequency ...) are
;;L?;::j;;,ﬁ lidar \~.\f_§ configured as a usual measurement
o™ \\ // W y - =7 ™= Lo “.-.\\
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TEST #2: DARK CURRENT

Example of results for systems co_ CEFOP-UDEC (Medellin) and
ma-MA (Manaus)

DARK CURRENT TEST file: Dark-Current-0355.AN-Lidar-Cefop.txt

502 ! :

I
: wavelegth: 0355 nm

D18 mudeAN P SO PSPPSR

5 é 5 | | -+ Important to know during
T ........................... ......................... ............................ ............................ .......................... _ preproce551ng Step

5[]14_ ................................. et ............................... -

Raw signal (a.

} DARK CURRENT TEST file: Dark-Current.0387-PC-Manaus.txt
20
! . T ! ! !

: : T

: : : : : : Ewaveleg!h: I]387:nm
B0 e —— SRR S 5 5 ‘ | W

Altitude (km agl)

al (a.u.)

Raw sign
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TEST #3: TELECOV

ER TEST

Overlap function O(R):
geometrical overlap  between laser
beam and telescope field of view

O(R) accounts for the partial
overlap in the near height-range
and tends to estabilize (ideally to 1)
in the far height-range

O(R) depends, among other factors,
on the alignment

Guerrero-Rascado et al., Optica Pura
y Aplicada, 2011

SR IFUSP

130



TEST #3: TELECO

Telecover test (quadrants):

——

iR TEST (QUADRANTS)

-based on the comparison of signals measured using different quadrants
of the telescope

-named as N, E, S and W, where N is the quadrant nearest to the laser
beam axis and the others named following the clockwise sense

-N measurement is performed at the end of the telecover test (N2) to
check the atmospheric stability
-Measurements ~2 min

-‘,, 7 O . ; v" 6
DJ.—‘J. 64 o j)l“ /l ° ||; FIISF
200 \Immmnn sich da USP
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RCS (a.u.)

—_ —_
o ]

[ux]

normalized RCS (a.u.)

TEST #3: TELECOVER TEST (QUADRANTS)

Atmospheric variability: Bad telecover!!!

TELECOVER TEST file: Telecover0355-AN-sp-CLA-IPEN-MSP-LIDAR-1.txt

Y i W S e, SRRSO . wavelegth: 0355 0m ... ST e |i
: mode: AN : : : g
:smooth;ﬁ.points; AAAAAAAAAAAAAAAAAAAAA S W

I R WU ..................... ..................... R ..................... }Jvave'l‘egth:ﬂfiﬁﬁ'fn'm ................. .

mode: AN : : 5 el
I O e S PP . smooth: S.points: ... e e :
: norm. range: 4 -5 km agl : : "

l l j | D e et

Altitude (km agl)

SR IFUSP
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RCS (a.u.)

normalized RCS (a.u.)

——

TEST #3: TELECOVER TEST (QUADRANTS)

Biaxial systems: N=N2<E=W<S
Coaxial systems: N=N2=E=W=5

TELECOVER TEST file: Telecover0355-AN-sp-CLA-IPEN-MSP-LIDAR-I.txt

Altitude (km agl) Sor% IFU SP
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TEST #3: TELECOVER TEST (IN-OUT)

Telecover test (in-out):

-based on the comparison of signals measured using different rings of
the telescope, named as IN and OUT

-IN measurement is performed at the end of the telecover test (IN2) to
check the atmospheric stability

-Measurements ~2 min

outzone

in zone

obscuration
zone

2 2 M obs
rout + robs ’ ~ Fin
v, = '_> Fout
2 : >

SR IFUSP

134



=N

RCS (a.u.)
w

- N

TEST #3: TELECOV

R TEST (IN-OUT)

Coaxial systems: IN=IN2 <OUT

TELECOVER TEST IN-OUT file: Telecover-in-out0355-AN-sp-CLA-IPEN-MSP-LIDAR-I.txt

[
o

normalized RCS (a.u.)

smooth: 9 points :
norm. range: 4 -5 km agl

Altitude (km agl)

SR IFUSP
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TEST #4: RAYLEIGH FIT

The Rayleigh (or molecular) fit is a tool to analyze the quality of far
range lidar signal:

-the range corrected signal measured by the lidar system is compared to
the expected molecular range corrected signal

RC.S.(2) = oy (Y expL 2 tp (N[ B2 ()

R.C.S.(Z)=K-/)’(z)-exp{— 215 a(g)dg} x B"(z)

-measurement ~30 min

SR IFUSP
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TEST #4: RAYLEIGH FIT

10

10

Normalized signals (adimensional)

fnorm. range: 5 -6 km agl

att,mol
: : Bnorm
10 | | | | | | | | —————

0 2 4 B g 10 12 14 16 18 20
Altitude (km agl)

Similar trend above 3 km agl up to 15 km agl (approx.)
This height range can be used as z,; for Klett-Fernald and Raman methods

SR IFUSP
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AEROSOL-CLOUD INTERACTIONS

Radiative forcing by components

———— Resulling stmoepheric Radiative forcing by emissions and drivers Lovel of
compound drivers confidence
| E I ) |
s co, CO, | | . 68[(133102.08) | WH
8 [ | I
: cH CO, H,0 ' ' ' ! t01.20]| H
£ . T T [ [ , | I i
g I I I I
-3 Halo- | | ) .
¥ cabons HCFCs [ | | | I I ®[ H
£ [ [ | [ | [
f No N,O I ' I ' I ' 310021 [ WM
: [ | l | I '
g a l I | ' 1 !
a ) co CO, | | | I | | 23[0.16 0| M
8|3 Lo A
g8 NMmvoc| co, | | &‘ | | | [ 1| ™
“lz | | | [ | :
8 NO I I I I | 0.15[-034100.08) | M
3 . | | T ! I ! ' :
EAerosols and | yuneral dus I I ' | I
¥ precursors L | | | 027 [-0.77100.23) H
| [ | I l :
ox._sgic Cloud adjustments | | e
Organic carbon T S ——— | | 055 k1. 0.0
mdg&:.m. caron)|  due to aerosols | . I | | | el = >
— :
% T T | T T |
e [ [ [ [
due to land use : : | . | |
g Changes in ; ; : | : I
3 solar irradiance | | | | X I
Total anthropogenic
RF relative to 1750
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LIDAR APPLICATION: POL

;-
—

HON 1-STEP

‘ 1-step )
ﬂjd + By Ong Oq
% =l Al <« <€ >
ﬁnd + ﬁd nonjdust non-dust.and dust.
particles dust particles particles )

As shown by Tesche et al. (2009), the particle depolarization ratio can be
expressed by:

_ Pnaddnd(1 +34) + Bada(1 + dna)
d Pad(1 +84) + Pa(1 + Sna)

with the dust and non-dust depolarization ratios o4 = 0.31 and 0,4=0.05,
respectively. After substituting B, with Bp— B4 we solve the resulting
equation to obtain a solution for 4 (for 6,,<0,<d,)

(85 — 8ng) (1 +84)
(84 — Sna)(1 +8p)

ﬁd=Bp

Bra = Bp— Ba
For d,<0,4 @ B,q = B, (contribution by dust is negligible)
Ford,>04 ¥ B4=B, (non-dust aerosol contribution is negligible)

SR IFUSP
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LIDAR APPLICATION: POL

aE
@)
Z
N
%
=
=

ﬂl-step )
8nd 8d
non-dust non-dust and dust
particles dust particles particles
4
ﬁstep Ondsdfe Oc \
<€ <€ > | —>
non-dust and non-dust, fine, and coarse dust
fine dust particles | coarse dust particles | particles
Step 1
Step2  § 4 Ond+dfe Odf
€< | € > I
Non-dust | Non-dust and :
fine dust particles I
|

Qrticles

Illustration of the one-step and two-step POLIPHON methods to separate
spherical particles from non-spherical dust particles (one-step method)
and spherical particles, fine dust, and coarse dust particles (two-step
method) by means of the particle depolarization ratio.

SR IFUSP
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LIDAR APPLICATION: POL

Depol. ratio [%]

HON 2-STEP

0 20 40 27 Sep 2011, 0736-0850 UTC
N L L R A R AR RN RARRRANRARER
I AE = 1.68 AE = 1.42 AE =166
1 FMF,= 0.92 FMF_=0.70 FMF = 0.94 -
3 \ SMF = 0.43_
E o -
Z | - -
=, [ T 0130 T§%  o0.079 ]
w [~ S—— i -
d [~ T~ 0.055 l-", JUED -
= T : 0.010 1
2 r T N
Q o —_— -
1k - spherical l spherical -
- —_— non-sph' I l IUST =
- . | coarse dust -
0 h' e

0 1 2 30 1 2 30 1 2 3
Backscatter coefficient [Mm"sr"]

(Left) 532 nm particle backscatter coefficient (green) and particle linear
depolarization ratio (black), (center) particle backscatter coefficients for 1- SR IFUSP
step method, and (right) particle backscatter coefficient for 2-step method
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LIDAR APP]LHCATH@N TO ACI: INC PROFILES

'I'l"ll"' LI I DL

29 Sep 2011,

Lidar ratio
coarse dust 39 sr

30 QE(PBL)
60 sr(FT)

N
w
T =
& 5
e ©
- |
8

Number
concentration
profile!!!

[N

Height a.s.l. [km]

“b
. l‘);,_
g ﬁ..’

Ay I

0 U
0 4 8 0 200 4000
Backsc. coef. Ext. coef.

[Mm'sr™] [Mm™]

I/

Lidar ratio Conversion factor
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LIDAR APPLICATION TO ACI:

400 -

8 T I T I T ] T I T
SAMUM-1, Morocco, May-June 2006
- SAMUM-2, Cabo Verde, January 2008
S SALTRACE, Barbados, June-August 2013
€ 6 [ Cyprus, 2011-2013 _
= ® & 300
o B | [
= miu e
O 4 =
N O, " O 200
c I . " 1 <
£ BK $
22 =X e - 100
8 | °®®
i SR | .
0 1 | 1 | 1 | 1 | 1 0
0.0 0.2 0.4 0.6 0.8 1.0

Aerosol optical thickness

Correlation between aerosol optical
thickness (500 nm AOT) (i.e. (column-
integrated extinction coefficient) and
column-integrated aerosol particle
number concentration (column APC280)
considering particles with r > 280 nm.
Desert-dust-dominated observations
from several field campaigns

) -

NC PROFILES

T [ T [ T [ T [ T [ T |
SAMUM-1, Morocco,2006 |
SAMUM-2, Cabo Verde, 2008

- SALTRACE, Barbados, 2013 7

L ° o i

: APC=c,, EC |

_ 3

L Cy2s0 = 0.673 Mm/cm™ _
! | ! | ! | ! | ! | ! I

0 100 200 300 400 500 600

Extinction coefficient [Mm'1]

To translate the column-related
findings into scales of particle
extinction coefficient (measurable
with lidar) and respective particle
number concentration, we simply
used the layer depth information
from the lidar

SR IFUSP
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LIDAR APPLICATION TO ACI:
ESTIMATION OF INC FROM APC280

The retrieval of APC,g, from a, is the basic lidar contribution to the
estimation of the INC profiles

Next step is the link to the published INC parameterizations gained from
comprehensive INC laboratory and field studies

The INC parameterizations introduced by DeMott et al. (2010, 2015) hold
for standard (std) pressure (p,=1013 hPa) and temperature (T;=273.16 K)
conditions so that we have to convert each profile value APC,gy(p,, T,)
from ambient pressure p, and temperature T, at height z to APC,5(py, T))
by using the factor (T,p,)/(T,p,)

SR IFUSP

145



LIDAR APPLICATION TO ACI:
ESTIMATION OF INC FROM APC280

Global (aerosol-type-independent) Dust INC parameterization
INC parameterization (DeMott et al., 2015):
(DeMott et al., 2010):

niN(po, To, T;) = a(273.16 — 7}:)1) nov(po, To, T2) = fana,250(po, TO)[ad(znllé—Tszd]
X 1a230(Po. TO)[C(273.16—T:)+(1]? x exp|ca(273.16 — T) +da]

n, »go (in std cm™) representing APC, f,=3

n, (in std L) representing INC a4~0.074

a=0.0000594 bs=3.8

b=3.33 c=0.414

c=0.0265 d=9.671

d=0.0033

temperature T(z) in K (< 273.16 K)

Finally, we transfer the obtained INC values ny(p, T, T,) to the ones for
ambient pressure and temperature conditions, ny(p,, T,), by multiplying
ny(po 1o T,) with the factor (T,p,)/(T,p,) 146
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LIDAR APPLICATION TO ACI:
ESTIMATION OF INC FROM APC280

1 June 2013, CALIOP/CUT

8

| e |

-

=06

»

-

- 4

-g, CALIOP-GMAO
s CUT-GDAS
T DeMott et al. (2010)

DeMott et al. (2015)

0 20 40 60 10" 10 10110 10°
Ext. coef. [Mm] INC [L] s IFUSP

APC [cm™]
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Towards operational ground based
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