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ABSTRACT 
Two cases from SLOPE campaign at Granada are 
analyzed in terms of particle microphysical 
properties using novel software developed at 
Potsdam University. Multiwavelength Raman 
lidar measurements of particle extinction and 
backscatter coefficients as well as linear particle 
depolarization ratios are used as input for the 
software. The result of the retrieval is a 2-
dimensional particle volume distribution as a 
function of radius and aspect ratio, from which the 
particle microphysical properties are obtained. 

1 INTRODUCTION 
Aerosol particles play an essential role on 
atmosphere and climate, and it is thus important to 
have vertically resolved information about their 
microphysical properties. Multiwavelength 
Raman lidar measurements allow for stand-alone 
microphysical retrievals, i. e., the calculation of 
particle microphysical properties using only 
Raman lidar data and applying regularization 
methods [1]. 

Most of the regularization methods use Mie 
theory to model aerosol particles as an ensemble 
of spheres, what usually provides fairly good 
results for small particles like biomass burning 
particles. However, using depolarization 
measurements makes possible to generalize the 
models to account for spheroidal particles and 
therefore, the retrievals include also information 
about the particle shape. 

In this work, new software developed at the 
University of Potsdam [2] using a 2-dimensional 
approach is tested applying it to measurement 
cases from ACTRIS-2 experimental campaign 
SLOPE (Sierra Nevada Lidar AerOsol Profiling 
Experiment). That campaign was carried out in 

Granada from May to August 2016, and was 
designed for gathering data useful for testing the 
retrieval schemes through inversion of remote 
sensing observations. It combined active and 
passive remote sensing together with in-situ 
measurements at several levels in the northern 
slope of Sierra Nevada mountain range. 

2 METHODOLOGY 
The present study has been carried out using data 
corresponding to measurements taken at the 
Andalusian Institute for Earth System Research 
(IISTA-CEAMA) in Granada (37.16° N, 3.61°W, 
680 m a.s.l.). This is a medium-size city in 
Southeastern Spain, located in a natural basin 
delimited by mountains reaching 3000 m a.s.l.; the 
air masses are mainly coming from the Atlantic 
Ocean, Europe, North Africa and the 
Mediterranean Basin [3]. The station is included 
in several research networks like EARLINET 
(European Aerosol Research Lidar Network) [4], 
and AERONET (Aerosol Robotic Network) [5]. 

The vertical profiles of particle optical properties 
were obtained using signals from the 
multiwavelength Raman lidar system 
MULHACEN (LR331D400, Raymetrics Inc.), 
configured in a monostatic biaxial alignment 
pointing vertically to the zenith. The light source 
is a pulsed Nd:YAG laser with emission at 355, 
532 and 1064 nm wavelength. The radiation is 
collected by a 40 cm-diameter Cassegranian 
telescope, and it is then split into seven channels 
allowing the detection of elastic signals at 355 
nm, 532 nm (in parallel and perpendicular 
polarizations) and 1064 nm and three Raman 
channels at 387 and 607 nm (nitrogen Raman 
shifted signal from 355 and 532 nm, respectively) 
and 408 nm (water vapor Raman shifted signal 

EPJ Web of Conferences 176, 05046 (2018) https://doi.org/10.1051/epjconf/201817605046
ILRC 28

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution  
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



 

from 35
limitatio
be taken
focuses 
vertical 
extinctio
night-tim
algorithm
and pa
backscat
particle 
followin
describe

The set 
355 and
employe
to obtai
software
model i
spherica
spheroid
equivale
consider
distribut
10]. A 
calculati
Mieschk
The be
wavelen
(IRI) pa
residual 
then ob
volume 
effective
albedo (

Column
CIMEL 
AERON
were us
regulariz
AERON
such as
refractiv
almucan
perform

3 RE
Two me
database
the perfo

55 nm). Thi
on due to its 
n into accoun

in heights 
profiles of 

on (α) coef
me lidar 
m [7]. The ra
arallel com
tter coefficie
depolarizatio

ng the calcul
ed in [8]. 

of 3 β (at 35
d 532 nm) 
ed as input f
n particle m
e [2] is base
in two dim
al particles. 
ds characte
ent radius (
red, and the 
tion v(r,a) is 
precalculate

ion of the k
ka tool base
st solution 

ngth-indepen
arts of refrac

error. The 
btained from

concentratio
e aspect rati
SSA). 

ar microphy
CE-138 su

NET and coll
ed to compa
zation resul

NET retriev
 the particl

ve index, a
ntar spectral 
ed by ground

ESULTS  
easurement 
e created dur
ormance of t

is instrumen
intrinsic set

nt in this wor
above 2 km
particle ba

fficients wer
signals usi
atio between
mponents o
ent at 532 nm
on ratio (δP) 
lation and ca

55, 532 and 
and 1 δP (

for the regul
microphysica
ed on a gene
ensions acc
In this way
erized by 
(r) and asp
aerosol vol
obtained by

ed database 
kernel functi
ed on T-mat

is chosen 
dent real (RR
ctive index b

microphysic
m the retrie
on (vc), effe
io (aeff) and

ysical data 
un-photomet
located with
are with the
lts. The alg
es microph
le size distr
and effectiv

sky radian
d-based sun p

cases were 
ring SLOPE.
the regulariz

nt has an ov
tup, but it wi
rk, since our 
m a.s.l. [6]

ackscatter (β
re retrieved 
ing the R

n the perpend
of the pa
m, known as 

was also obt
alibration me

1064 nm), 2
(at 532 nm)
arization sof

al properties.
eralization o
counting for 
y, an ensemb

their vo
pect ratio (
lume “shape
y regularizati

is used fo
ions produc
trix method 
from a gr

RI) and imag
by means of
cal propertie
eved distrib
ctive radius 

d single scat

retrieved fr
ter, belongin
h the lidar sy
 lidar stand-
gorithm use
hysical prop
ribution, com
ve radius, 

nce measure
photometers

picked from
 In order to a

zation algorit

verlap 
ill not 
study 
. The 
β) and 

from 
Raman 
dicular 
article 
linear 
tained 
ethods 

2 α (at 
) was 
ftware 
. This 

of Mie 
non-

ble of 
olume-
(a) is 
e-size” 
ion [9, 
or the 
ed by 

[11]. 
rid of 
ginary 
f least 
es are 

bution: 
(reff), 

ttering 

rom a 
ng to 
ystem, 
-alone 
ed by 
perties 
mplex 

from 
ments 

s [5]. 

m the 
assess 
thm in 

d
ty
pr
an
Ju
se

3
S
A
sh
d
in
se
G

In
m
M
b
(M
ar
8
re
in
sm
F
ex

F

A
(F
u
re
d
fi

ifferent scen
ypes were se
robably mix
nd a mineral
une. The an
eparately in t

.1 Case I:
everal aero

America (acc
hown here) 
etection m
ndicated wid
eemed to be 

Granada. 

n Fig. 1, o
measurements
May 2016 

ackscatter c
Mm·sr)-1 at 5
round 2.5 km
%) and stron
elated Angs
ndicated tha
moke particl
ires, and th
xpected [12]

Figure 1: par
linear partic

exponent prof
UTC. Brown

A region from
Fig. 1) and 
sed as input 
etrieved 2
istribution (n
ine mode wi

narios, cases
lected, name

xed with loca
l dust event f
nalyses of t
the following

: 18th May 2
osol plumes
cording to ba

were detec
aps from 

de regions o
the source o

optical profi
s are depict

at 22:00-
coefficients s
532 nm in a
m a.s.l. Low
ng spectral d
ström Expo
at the mea
les from the
hus small s
. 

rticle backscat
cle depolariza
ofiles for 18th M
n lines indicat

microphysic

m 2.1 and 2.
its averaged
for the regu

2-dimensiona
not shown h
th microphy

s with diffe
ely an aged s
al pollution o
from Sahara 
the cases ar
g subsection

2016 
s coming 
ackward traj
cted in May

satellite m
f active fore
of the aeroso

files from R
ted for the c
-22:30 UT
showed valu
an aerosol la

w δP at 532 n
dependence o
nents (AEβ
sured plum

e North Ame
spherical pa

tter coefficient
ation ratio and
May 2016 at 2
te the region s
cal analysis 

.7 km a.s.l. w
d optical pro
larization alg
al particl
here) presen

ysical propert

erent aerosol
smoke plume
on 18th May
desert on 9th

re presented
s. 

from North
ectories, not

y 2016. Fire
measurements
est fires that
ol arriving to

Raman lidar
case on 18th

TC. Particle
ues up to 2
ayer centered
nm (less than
of β, with β-
) around 2

me contained
erican Forest
articles were

t, lidar ratio, 
d Angström 
22:00-22:30 
selected for 

was selected
operties were
gorithm. The
e volume

nted a single
ties included

l 
e 
, 
h 
d 

h 
t 
e 
s 
t 
o 

r 
h 
e 
2 
d 
n 
-
2 
d 
t 
e 

 

d 
e 
e 
e 
e 
d 

2

EPJ Web of Conferences 176, 05046 (2018) https://doi.org/10.1051/epjconf/201817605046
ILRC 28



 

in Tabl
retrieval
measure
values f
informat
width o
spherica
particles

Table
from lid

 

RRI 
IRI 
reff (µm)
aeff 
awidth 
SSA 

3.2 C
The sec
plume c
backwar
The opt
02:00 U
dust lay
more th
ratios ar
channels
reveal th
in accord

Figure 2
linear
expone
UTC. 

le 1, togeth
l from th
ement. The 
for aged smo
tion about sh
f the a dist

al dominanc
s. 
e 1: particle m
dar and from s

SSA

Lidar 
22:30 U
1.42 
0.007 

) 0.26 
1.126 
0.048 
0.96 

Case II: 9th J
cond case co
coming from
rd trajectorie
tical profiles

UTC (Fig. 2) 
yer between 
han 5 (Mm·s
round 50 sr
s, AEβ less 
he presence 
dance to [13

2: particle ba
r particle depo
ent profiles fo
Brown lines i

microp

her with th
he closest 

results ag
oke [12], and
hape: aeff 1.1
tribution, aw
ce and a 

microphysical p
sun-photomete

SA is averaged

22:00-
UTC 

une 2016 
orresponds t

m Sahara De
es analysis (
s for 9th Jul
confirm the
2.5 and 5 

sr)-1 at 532 
r for both 3
than 0.5 and
of pure min
]. 

ckscatter coeff
olarization rat
or 9th June 201
indicate the re
physical analy

he results o
sun-photo

ree with ty
d also includ
126 and the 

width 0.048 su
hint of p

properties ret
er for 18th May

d for all wavel

AERONET
16:49 UTC
1.511 
5·10-5 

0.295 
- 
- 
0.992 

to a mineral
sert, accordi
(not shown 
ly 2016 at 0
 decoupled s
km a.s.l., w
nm. Particle
355 and 53
d δP almost 

neral dust par

fficient, lidar r
tio and Angstr
16 at 01:00-02
egion selected
ysis 

of the 
ometer 
ypical 
de the 
mode 

uggest 
prolate 

trieved 
y 2016 

lengths  

T 

l dust 
ing to 
here). 

01:00-
strong 

with β 
e lidar 
32 nm 

30 % 
rticles 

 
ratio, 
röm 
2:00 
d for 

F
pr
to
co
h
sp
(s
n
su
in
p
th
to
on
co
w
0 

 

R
IR
re
a
aw
S

4
T
tw
R
S

T
th
al
ad
v
op
sh
ra
ca
ef
pr
fe
ca

or the mi
roperties we
o 3.4 km a.s
ompared wi
ours later.
pheroidal par
slightly high
oteworthy s
un-photomet
ndication th
articles fairly
he whole atm
o be noted t
nly from the
oinciding w

with the lidar
to 2.2 µm. 

Table 2: pa
from lidar an

* reff calcu

L
0

RRI 1
RI 0
eff (µm) 0
eff 1
width 0
SA 0

CONCL
This study pr
wo differen

Raman lidar 
LOPE at Gra

The addition 
he typical i
lgorithm, m
dvanced 2-d
olume distrib
ption to obta
hape of the
adius was fo
ase, and 0.3
ffective aspe
redominance
eature was sl
ase. 

icrophysical 
ere averaged 
.l. The resul
ith the AER
The results
rticles, with 
her than in
similarity wi
ter retrieva
hat the pro
y represent th

mospheric co
that the colu
e part of the 

with the rang
r regularizati

article microph
nd from sun-ph

SSA is av

ulated from si

Lidar 01
02:00 UTC 

.38 
0.003 
0.38 

.14 
0.047 
0.98 

LUSIONS 
resents the m
nt aerosol p

during the 
anada in 201

of depolari
input setup 

making pos
dimensional 
bution, was 
ain more inf
e analyzed 
found 0.26 µ
8 µm for the
ect ratios ind
e of prolate 
lightly more 

retrieval, 
in the regio

lts are shown
RONET retr
s suggest la
reff 0.38 µm 

n Case I). 
ith the valu
l, which c

operties of 
he effective 
lumn for thi

umnar reff wa
size distribu

ge that can 
ion algorithm

hysical proper
hotometer for 

veraged for al

ize distributio

1:00- AER
06:20
1.45 
0.002
0.4*  
- 
- 
0.96 

microphysica
plumes mea
experimenta

16. 

ization meas
for the re

sible to u
model for 

shown to be 
formation ab
particles. T

µm for the 
e mineral du
dicated in bo

particles, a
pronounced

the optical
on from 3.05
n in Table 2
rievals some
arge prolate
and aeff 1.14
There is a

ues from the
can be an
the studied
properties of
s case. It has
as calculated
ution exactly
be analyzed

m, i. e., from

rties retrieved
9th June 2016

ll wavelengths

n until 2.2 µm

ONET 
0 UTC 

2 

al analysis of
asured with
al campaign

surements to
egularization

use a more
the particle
a successful

bout size and
The effective

aged smoke
ust case. The
oth cases the
although this
d for the dust

l 
5 
, 
e 
e 
4 
a 
e 
n 
d 
f 
s 
d 
y 
d 

m 

d 
6 

s 

m 

f 
h 
n 

o 
n 
e 
e 
l 
d 
e 
e 
e 
e 
s 
t 

3

EPJ Web of Conferences 176, 05046 (2018) https://doi.org/10.1051/epjconf/201817605046
ILRC 28



 

ACKNOWLEDGEMENTS 
This work was supported by the Andalusia 
Regional Government through project P12-RNM-
2409, by the Spanish Ministry of Economy and 
Competitiveness through projects CGL2013-
45410-R and CGL2016-81092-R, and grant 
FPU14/03684, and by the Erasmus+ Programme 
of the European Union. The financial support for 
EARLINET in the ACTRIS Research 
Infrastructure Project by the European Union’s 
Horizon 2020 research and innovation program 
under grant agreement n. 654169 is gratefully 
acknowledged. FEDER program is acknowledged 
for the instrumentation used in this work. This 
work was also partially funded by the University 
of Granada through “Plan Propio. Programa 9. 
Convocatoria 2013”. 

References 

[1] Müller, D., Böckmann, C., Kolgotin, A., 
Schneidenbach, L., Chemyakin, E., Rosemann, 
J., Znak, P., Romanov, A., 2016: Microphysical 
particle properties derived from inversion 
algorithms developed in the framework of 
EARLINET, Atmos. Meas. Tech. 9, 5007-5035. 

[2] Samaras, S., Böckmann, C., Nicolae, D., 2016: 
Combined sphere-spheroid particle model for 
the retrieval of the microphysical aerosol 
parameters via regularized inversion of lidar 
data, EPJ Web of Conferences 119, 23022. 

[3] Alados-Arboledas, L., Alcántara, A., Olmo, F. 
J., Martínez-Lozano, J. A., Estellés, V., 
Cachorro, V., Silva, A. M., Horvath, H., Gangl, 
M., Díaz, A., Pujadas, M., Lorente, J., Labajo, 
A., Sorribas, M., Pavese, G., 2008: Aerosol 
columnar properties retrieved from CIMEL 
radiometers during VELETA 2002, Atmos. 
Env. 42 (11), 2654-2667. 

[4] Pappalardo, G., Amodeo, A., Apituley, A., 
Comeron, A., Freudenthaler, V., Linné, H., 
Ansmann, A., Bösenberg, J., D'Amico, G., 
Mattis, I., Mona, L., Wandinger, U., Amiridis, 
V., AladosArboledas, L., Nicolae, D., Wiegner, 
M., 2014: EARLINET: towards an advanced 
sustainable European aerosol lidar network, 
Atmos. Meas. Tech. 7, 2389-2409. 

[5] Holben, B., N., Eck, T. F., Slutsker, I., Tanré, 
D., Buis, J. P., Setzer, A., Vermote, E., Reagan, 
J. A., Kaufman, Y. J., Nakajima, T., Lavenu, 
F., Jakowiak, I., Smirnov, A., 1998: 

AERONET – A Federated Instrument Network 
and Data Archive for Aerosol Characterization, 
Remote Sens. Environ. 66(1), 1-16. 

[6] Navas-Guzmán, F., Guerrero-Rascado, J. L., 
Aldados-Arboledas, L., 2011: Retrieval of the 
lidar overlap function using Raman signals, 
Óptica Pura y Aplicada 44(1), 71-75. 

[7] Ansmann, A., Wandinger, U., Riebesell, M., 
Weitkamp, C., Michaelis, W., 1992: 
Independent measurement of extinction and 
backscatter profiles in cirrus clouds by using a 
combined Raman elastic-backscatter lidar, 
Appl. Opt. 31, 7113-7131. 

[8] Bravo-Aranda, J. A., Navas-Guzmán, F., 
Guerrero-Rascado, J. L., Pérez-Ramírez, D., 
GranadosMuñoz, M. J., Alados-Arboledas, L., 
2013: Analysis of lidar depolarization 
calibration procedure and application to the 
atmospheric aerosol characterization, Int. J. 
Remote Sens. 34, 3543-3560. 

[9] Böckmann, C., 2001: Hybrid regularization 
method for the ill-posed inversion of 
multiwavelength lidar data in the retrieval of 
aerosol size distributions, Appl. Opt. 40(9), 
1329-1342. 

[10] Böckmann, C., Osterloh, L., 2014: Runge-
Kutta type regularization method for inversion 
of spheroidal particle distribution from limited 
optical data, Inverse Probl. Sci. En. 22, 150-
165. 

[11] Mishchenko, M., I., Travis, L., D., Mackowski, 
D. W., 1996: T-matrix computations of light 
scattering by nonspherical particles: A review, 
J. Quant. Spectrosc. Ra. 55(5), 535-575. 

[12] Ortiz-Amezcua, P., Guerrero-Rascado, J. L., 
Granados-Muñoz, M. J., Benavent-Oltra, J. A., 
Böckmann, C., Samaras, S., Stachlewska, I. S., 
Janicka, Ł., Baars, H., Bohlmann, S., Alados-
Arboledas, L., 2016: Microphysical 
characterization of long-range transported 
biomass burning particles from North America 
at three EARLINET stations, Atmos. Chem. 
Phys. Discuss., in review. 

[13] Guerrero-Rascado, J. L., Ruiz, B., Alados-
Arboledas, L., 2008: Multi-spectral Lidar 
characterization of the vertical structure of 
Saharan dust aerosol over Southern Spain, 
Atmos. Env. 22, 2668-2681. 

4

EPJ Web of Conferences 176, 05046 (2018) https://doi.org/10.1051/epjconf/201817605046
ILRC 28


