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ABSTRACT

In May/June 2006, the largest mineral dust experiment to date (Saharan Mineral Dust Experiment, SAMUM-1) was
conducted in Southern Morocco. The aim was to characterize dust particles near the world’s largest mineral dust
source, and to quantify dust-related radiative effects. At one of the two ground-based measurement sites dust particle
size distribution, optical, hygroscopic, chemical and structural particle characteristics were measured. One research
aircraft mainly measured solar spectral irradiances and surface albedo. The other aircraft provided in situ physical
aerosol measurements and samples and lidar profiles through the dust layers. Three ground-based lidars were operated
at the second ground-based measurement site. They determined optical dust properties, particle shape and temporal
development of dust layers. Columnar, ground-based sun photometer measurements complemented the lidar data.
Additionally a station in Evora, Portugal monitored dust outbreaks from the North African source region to the Iberian
Peninsula during SAMUM-1.

Volumetric and columnar closure exercises utilized these detailed measurements of dust characteristics together with
optical and radiative transfer models. Concurrent developments of a mesoscale dust transport model were validated with
the experimental data. The paper gives an overview over rationale and design of SAMUM-1, introduces and highlights
the subsequent reports on experimental and modelling results.

1. Introduction

In 2007, the Intergovernmental Panel on Climate Change (IPCC)
published its fourth report (4AR, IPCC, 2007). Another 6 yr of
Earth system research had passed since the third IPCC report
(TAR, Houghton et al., 2001) but the uncertainties of the pro-
jected temperature change had not decreased. One of the few
main factors for this apparent lack of progress is the multi-
faceted atmospheric aerosol of which many characteristics are
incompletely established and many processes not yet fully un-
derstood. The largest natural source of particulate aerosol mass
is mineral dust from dry continental regions. Estimates of the
global source strength of dust particles, however, vary between
1000 and 5000 Tg yr~' (Duce, 1995; Prospero et al., 2002;
Cakmur et al., 2006). In 2001, TAR reported a global change in
radiative balance at the top of the atmosphere (TOA) (radiative
forcing, RF) due to anthropogenic mineral dust in the range of
+0.4 to —0.6 W m~2, and did not assign a best estimate because
of the difficulties in determining the anthropogenic contribution
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to the total dust loading and the uncertainties in the optical prop-
erties of dust and in evaluating the competing short-wave and
long-wave radiative effects. In 4AR, the revised anthropogenic
contribution to dust direct RF of at most 20% (Tegen et al.,
2004) and the revised absorption properties of dust yielded a
small negative value for the anthropogenic direct RF for dust
of —0.1 & 0.2 W m~2. This small estimate of anthropogenic
direct dust effect on Earth’s energy balance conceals a substan-
tial redistribution of energy from the surface to the often several
kilometres deep dust layers with significant feedbacks and re-
sponses of the Earth system. Thus, the global impact of total
dust on the Earth system still remains highly uncertain.

The Sahara is the largest source region of mineral dust.
Besides a major influence on the energy distribution in the
Earth/atmosphere system, the Sahara fertilizes the Atlantic phy-
toplankton (Jickells et al., 2005) and the Amazonian rain forest
(e.g. Koren et al., 2006). There are papers suggesting that Saha-
ran dust interferes with the formation of tropical cyclones in the
Caribbean hurricane alley (e.g. Evan et al., 2006; Lau and Kim,
2007; Wu, 2007).

The direct radiative effects caused by mineral dust are com-
plex, since dust particles not only scatter but also partly absorb
incoming solar radiation, and the dust particles absorb and emit
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outgoing long-wave radiation. The magnitude and even the sign
of the net (i.e. solar plus long wave) dust RF depend on the opti-
cal properties of the dust, its vertical distribution, the presence of
clouds and on the albedo of the underlying surface (Sokolik and
Toon, 1996; Tegen et al., 1996; Liao and Seinfeld, 1998; Myhre
and Stordal, 2001). A prerequisite for estimating the radiative ef-
fects and interactions of dust and climate is the quantification of
atmospheric dust loads and size-dependent optical properties of
the dust particles. Large-scale dust distributions can be retrieved
from satellite data, although over highly reflective surfaces like
most deserts these retrievals so far are mostly just qualitative.
This is because of uncertainties in the a priori assumptions about
aerosol optical properties (e.g. Sokolik et al., 2001) and consid-
erable uncertainties related to the surface reflection.

The limited number of existing measurements of dust par-
ticle properties is neither sufficient to constrain realistic esti-
mates of dust loads, which are highly variable in space and
time nor to model dust effects on radiation balance, weather and
climate. A comprehensive field investigation of mineral dust
close to a major source region with minimum influence of an-
thropogenic, biogenic or marine aerosol sources has not been
conducted to date. Therefore, a consortium of six German re-
search groups conceived the Saharan Mineral Dust Experiment
(SAMUM)-project combining their competence in field exper-
iments, satellite retrievals and model developments. The first
3-yr phase (2004-2006) concentrated on physical dust char-
acteristics and effects on the energy balance near its source
culminating in the SAMUMS-1 field experiment in May/June
2006 in Southern Morocco. Two heavily instrumented ground-
based stations and two research aircraft were operated during
the experiment. The present special issue focuses on results
of SAMUM-1 and concurrent modelling efforts. A SAMUM-
2 experiment in the Saharan dust plum over the Atlantic was
conducted over the Cape Verde Islands in January/February
2008.

2. Design of the SAMUM-1 experiment

Large-scale effects of mineral dust on energy balance and cli-
mate can only be assessed through numerical models with suf-
ficient coverage, resolution and physical completeness. They
need to be constrained by detailed physical dust characteristics,
in particular spectral optical properties of the dust particles (in
particular their size and single-scattering albedo). Consequently,
alarge part of the experimental efforts was dedicated to a detailed
physical characterization of the dust particles.

Model validation requires high-resolution physical dust and
radiation data throughout the dust-filled part of the atmosphere.
Previous dust experiments mostly focused on either ground-
based or airborne measurements, whereas SAMUM-1, for the
first time, combined collocated and simultaneous state-of-the-
art ground-based aerosol characterization, ground-based and air-
borne aerosol and radiation profiling plus satellite data.
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Internal consistency and realistic assessments of uncertain-
ties in volumetric' dust measurements as well as throughout
atmospheric columns are essential in the evaluation of atmo-
spheric aerosol experiments. For that purpose, SAMUM-1 fol-
lowed the closure approach which Ogren (1995) developed, and
Quinn et al. (1996) extended. Ansmann et al. (2002), Russell
and Heintzenberg (2000) and others had tested this approach in
aerosol field experiments but never in an aerosol source region
dominated by mineral dust.

Global characteristics of the atmospheric aerosol can only be
monitored from space. However, the related techniques for the
retrieval of aerosol parameters require validation for which the
data collected during SAMUM-1 offer a unique opportunity. In
the common passive remote sensing of reflected solar radiation,
and in particular over highly reflective desert source regions of
dust, most of the signal received by satellite radiometers is due
to surface reflection. Thus, measurements of spectral surface
albedo in the working area of SAMUM-1 became an important
component of the programme.

As a compromise between the scientific demand of close-
ness to the dust sources and logistic and political compromises
the consortium chose Southern Morocco as the working area
of SAMUM-1. Most of the experiment was concentrated at
the two ground stations Ouarzazate (30.9°N, 6.9°W, 1133 m
height above sea level, asl) and Tinfou near Zagora (30.24°N
and 5.61°W about 730 m asl), while the larger of the two re-
search aircrafts (Falcon, DLR) operated out of Casablanca.

2.1. Modelling efforts

In Fig. 1, the locations of the SAMUM-1 sites are depicted to-
gether with the modelled field of aerosol optical depth (AOD)
at 550 nm wavelength during a strong dust outbreak. This fig-
ure also shows the associated station of the University of Evora
(38.57°N, 7.91°W, 293 m asl), which measured dust outbreaks
from North Africa. Regional dust distributions were simulated
for the SAMUM-1 period with the regional dust model system
LM-MUSCAT (Heinold et al., cf. Table 3). Simulations were
performed for the period from 9 May to 5 June 2006. Dust emis-
sion, transport and deposition are computed for five indepen-
dent size classes using meteorological and hydrological fields
provided by the non-hydrostatic operational weather prediction
model Consortium for Small-scale Modelling (COSMO) of the
German weather service (DWD). The model domain covers ma-
jor parts of the Sahara desert and Southern Europe. For simula-
tions of the dust episodes during the SAMUM campaign shown
in Fig. 1, a horizontal resolution of 28 km is used for the area
between 13.86°N, 25.35°W and 47.78°N, 38.16°E. The model
is operated with 40 vertical layers of a terrain-following vertical
coordinate. The simulation of dust emissions takes into account

'Volumetric in the sense of related to the aerosol particles in a small
sensing or sampling volume of air.
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soil properties like texture and surface roughness, and prescribes
enclosed topographic depressions as preferential dust emission
sources. Dust is removed from the atmosphere by dry and wet de-
position processes. Dust optical thicknesses are computed from
the simulated dust concentrations, particle size distribution and
extinction efficiencies.

2.2. Experimental

The research aircraft Falcon of the German Aerospace Cen-
ter (DLR) probed the entire tropospheric column from 10 km
asl down to 500 m above ground and measured horizon-
tal sections of the vertical dust distribution. The Falcon in
situ instrumentation consisted of aerosol sizing instruments
with and without thermodenuder upstream. Aerosol absorption
was measured at three wavelengths in the visible spectral re-
gion. A nadir-looking high spectral resolution lidar (HSRL)
measured atmospheric backscatter, particulate extinction and
linear depolarization including molecular backscatter. Dust
samples were collected in flight for subsequent laboratory
analyses.

At the airport of Ouarzazate, the smaller aircraft Parte-
navia (IfT) was stationed. This aircraft, operated by ‘enviscope
GmbH’, was mainly used to measure spectral solar upwelling
and downwelling spectral irradiance and actinic flux densities
from which the spectral surface albedo was derived and to probe
the boundary layer in the vicinity of the two field sites. At the
same time impactor samples of particles in the dust layers were
taken for subsequent laboratory analyses.

Fig. 1. The coloured map (longitude,
latitude north in degrees) shows dust
distribution modelled by Heinold et al. (cf.
Table 3) in terms of aerosol optical depth
(AOD) at 550 nm wavelength during a
strong dust outbreak on 27 May 2006 12
UTC. The four SAMUM-1 sites Casablanca,
Ouarzazate, Zagora and Evora are indicated
by a blue square, cross, triangle and circle,
respectively.

Three polarization-Raman lidar systems, two of the Univer-
sity of Munich (LMU) and a large one of IfT were set up at the
airport. This unique lidar-park measured backscatter coefficients
at six wavelengths from 355 to 1064 nm while extinction coeffi-
cients at 355 and 532 nm were recorded. The derived extinction-
to-backscatter ratios (at 355, 532 and 1064 nm) together with
depolarization of the backscattered radiation measured at four
wavelengths proved of particular value when characterizing lay-
ers of highly non-spherical dust particles.

Additionally, an NASA Aerosol Robotic Network
(AERONET, Holben et al., 1998) sun photometer oper-
ated by IfT measured AODs from 380 to 1640 nm wavelength.
University of Munich operated the Sun—sky automatic ra-
diometer (SSARA), a similar instrument covering the spectral
range from 339 to 1553 nm. Both radiometers measured sky
radiances at selected wavelengths as well. A radiosonde station
operated by IfT complemented the Ouarzazate station. Table 1
summarizes the remotely sensed aerosol optical parameters and
radiation measurements.

Some 120 km southeast of Ouarzazate near the town Zagora
most of the volumetric in situ instrumentation and aerosol sam-
pling was set up in and on a container laboratory within the
premises of the Kashba Hotel Porte au Sahara. A host of meth-
ods operated by groups of IfT and the Universities of Darm-
stadt and Mainz measured particle size distributions covering
the size range of 20 nm to 500 pm. Mass concentrations in three
size classes were evaluated gravimetrically from filter samples.
The laboratory of Darmstadt University determined elemental
and mineral particle composition on bulk and size-segregated
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samples. With particle hygroscopicity determined by IfT over
a wide range of particle sizes ambient optical dust properties
can be adjusted to varying relative humidities. IfT determined
spectral light scattering and absorption by dust particles in air-
borne and in deposited state. For a limited time period one of the
two LMU-lidars was moved to Zagora for comparative aerosol
profiling. An overview of the complete experimental set up is
given in Fig. 2 and Table 2 summarizes the volumetric dust
measurements and sample analyses.

3. Highlights

3.1. Measurements

This special issue comprises the articles listed in Table 3, pre-
senting results of the SAMUM-1 experiment, accompanying
model work and meteorological analyses. The latter are intro-
duced by Knippertz et al.,> who discuss differential advection
of air masses with different characteristics during stable night-
time conditions and up to 5-km deep vertical mixing of dust
in the strongly convective planetary boundary layer during the
day. Their Lagrangian and synoptic analyses of selected dust
periods point to a topographic channel from western Tunisia to
central Algeria as an important source region for mineral dust.
Significant emission events were traced to cold surges from the
Mediterranean in association with the eastward passage of an
upper-level wave and lee cyclogenesis south of the Atlas Moun-
tains. Local emissions under a cut-off low over northwestern
Africa and gust fronts associated with dry thunderstorms over
the Malian and Algerian Sahara were other relevant events for
SAMUM-1.

2 All undated citations refer to Table 3.

Fig. 2. Schematic overview of the
SAMUM-1 experiment with the MISR
satellite system, Falcon, and Partenavia
aircraft (top to bottom), lidar station at
Ouarzazate airport (left-hand side), and
Zagora station (right-hand side). The dust
layer reaching up to 5 km (cf. left scale) is
visualized by a measured lidar backscatter
time/height profile.

At the Zagora station number concentrations up to 1000 cm™3
and mass concentrations ranging up to 300 000 pg m~3 for total
suspended particulate matter during moderate dust storms were
measured. Even at the far-field site of SAMUM-1 in Southern
Portugal mass concentrations of to 150 ug m=3 were recorded
during a strong dust outbreak (Wagner et al.). Size distributions
were measured and parametrized (Kaaden et al.; Kandler et al.
and Schladitz et al.) for particles between 20 nm and 500 um
diameter. They could distinguish two major regimes of the size
distribution. The submicrometer maxima around 80 nm were
largely unaffected by varying meteorological and dust emission
conditions. Above 500 nm, concentrations varied up to one or-
der of magnitude, and up to three orders of magnitude above
10 pm.

Size-dependent hygroscopic growth properties of Saharan
dust were measured by Kaaden et al. up to 85% relative hu-
midity (RH) to relate physical, in particular optical, particle
properties to their effects at ambient conditions. For the radia-
tive properties (in particular scattering) of mineral dust particles,
shape is an important factor that needs to be considered. For the
particle number size distribution, a size-dependent shape factor
was derived by Schladitz et al. This factor ranged from 1 at a
particle diameter of 300 nm to 1.26 for supermicrometer parti-
cles (Kaaden et al.). As related parameter, the aspect ratio was
measured by Kandler et al. Its size-dependence reflected par-
ticle composition with a rather constant aspect ratio of 1.6 for
particles >500 nm diameter decreasing to about 1.3 for smaller
sizes.

Kandler et al. also determined the mineralogical composi-
tion of bulk particle samples. Major compounds of the aerosol
were quartz, potassium, feldspar, plagioclase, calcite, haematite
and the clay minerals illite, kaolinite and chlorite. Only a small
temporal variability of the bulk mineralogical composition was
encountered. Microscopic single particle analysis yielded three
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Table 3. SAMUM-1 manuscripts of the special issue of Tellus B

Authors

Title

Ansmann et al.
Bierwirth et al.
Dinter et al.
Diouri et al.
Esselborn et al.

Freudenthaler et al.
Heinold et al.
Heese et al.

Hoyningen-Huene et al.

Kaaden et al.
Kahn et al.

Kandler et al.

Knippertz et al.
Miiller, D. et al.

Miiller, Th. et al.
Otto et al.
Petzold et al.
Schladitz et al.

Tesche et al.
Toledano et al.
Wagner et al.
Weinzierl et al.

Wiegner et al.

Vertical profiling of convective dust plumes in Southern Morocco during SAMUM

Spectral surface albedo over Morocco and its impact on the radiative forcing of Saharan dust

Retrieval of aerosol optical thickness for desert conditions using MERIS observations during the SAMUM campaign

Columnar particle size distributions obtained during SAMUM experimental campaign in Southeast Morocco

Spatial distribution and optical properties of Saharan dust observed by airborne high spectral resolution lidar during
SAMUM 2006

Depolarization-ratio profiling at several wavelengths in pure Saharan dust during SAMUM 2006

Regional Saharan dust modelling during the SAMUM 2006 Campaign

Vertically resolved dust pptical properties during SAMUM: Tinfou compared to Ouarzazate

Measurements of desert dust optical characteristics at Porte au Sahara during SAMUM

Mixing state and hygroscopic growth of Saharan dust

Desert dust air mass mapping in the Western Sahara, using particle properties derived from space-based multi-angle
imaging

Size distribution, mass concentration, chemical and mineralogical composition, and derived optical parameters of the
boundary layer aerosol at Tinfou, Morocco, during SAMUM 2006

Dust mobilization and transport in the Northern Sahara during SAMUM 2006—a meteorological overview

EARLINET observations of the 14-22 May long-range dust transport event during SAMUM 2006: validation of results
from dust transport modelling

Spectral absorption coefficients and imaginary parts of refractive indices of Saharan dust during SAMUM-1

Radiative closure of a Saharan dust plume observed during SAMUM

Saharan dust absorption and refractive index from aircraft-based observations during SAMUM 2006

In situ measurements of optical properties at Tinfou (Morocco) during the Saharan Mineral Dust Experiment SAMUM
2006

Vertical profiling of Saharan dust with Raman lidars and airborne HSRL in Southern Morocco during SAMUM

Spectral aerosol optical depth characterization of desert dust during SAMUM 2006

Properties of dust aerosol particles transported to Portugal from the Sahara desert

Airborne measurements of dust layer properties, particle size distribution and mixing state of Saharan dust during
SAMUM 2006

Numerical simulations of optical properties of Saharan dust aerosols with emphasis on lidar applications

size regimes: Particles below 500 nm diameter mainly contained
sulphates and mineral components. Particles with diameters be-
tween 500 nm and 50 pm, mainly contained silicates, and — to
a lesser extent — carbonates and quartz. Above 50 yum diameter,
approximately half of the particles consisted of quartz.

A major task of the volumetric experiments concerned the
optical particle properties. Three different approaches utilizing
light scattering and absorption data from the ultraviolet to the
near infrared combined with size distribution and particle com-
position yielded consistent size-dependent complex refractive
indices by Kandler et al., Miiller, Th. et al. and Schladitz et al.
With measured high-resolution absorption spectra the refractive
indices were corrected for soot due to local combustion sources
(Miiller, Th. et al.).

Three-dimensional dust optical and radiation characteristics
were sensed remotely with the three ground-based Raman lidars
(Tesche et al.) and the HSRL on the Falcon (Esselborn et al.).
A height-resolved statistical analysis revealed that the dust layer
typically reached 4-6 km asl, sometimes even 7 km. A vertically
inhomogeneous dust plume with internal dust layers was usually
observed in the morning before the evolution of the boundary

layer started. By the early evening then the Saharan dust layer
was well mixed. The dust AOD at 500 nm wavelength ranged
from 0.2 to 0.8, Angstrém exponents were between 0 and 0.4.
The volume extinction coefficients at 355-532 nm wavelength
varied from 30 to 300 Mm™! with a mean value of 100 Mm~! in
the lowest 4 km asl. On average, extinction-to-backscatter ratios
of 53-55 sr were obtained for all three laser wavelengths (355,
532 and 1064 nm). With a mobile lidar and with the airborne
lidar, the optical dust characteristics and profiles at the central
Ouarzazate station were connected with the results at the Zagora
station (Weinzierl et al.). Over the Portugal station Wagner et al.
measured AODs up to 0.53 in the dust outbreak with lidar ratios
between 45 and 50 sr.

For the first time vertical profiles of the linear particle depo-
larization ratio 6P of dust were determined at four wavelengths
(cf. Table 1, Freudenthaler et al.). A mean §P at 532 nm of 0.31
was found with a negative correlation of 8° with Angstrom ex-
ponent. Even during periods with aerosol optical thickness <0.1
8P-values between 0.21 and 0.25 were measured. Wiegner et al.
compared these depolarization measurements with results from
scattering theory based on the 7T-matrix method using in situ
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measurements—size distribution, shape distribution and refrac-
tive index as input parameters; particle shape was approximated
by spheroids. The simulated values of 6P were in the range of
the measurements. A strict validation was not possible as too
many microphysical parameters influence the lidar ratio and &P
that could not be measured with the required accuracy.

Multiwavelength sun photometry complemented the lidar
measurements. Toledano et al. measured AODs at Ouarzazate
while Diouri et al. and Hoyningen-Huene et al. measured spec-
tral AODs and sky brightness at the Zagora station. From the
latter measurements columnar scattering phase functions of the
particles were derived, which Dinter et al. and Kahn et al. uti-
lized in validation of the retrieval algorithms for the satellite
overpasses.

Esselborn et al. observed significant horizontal variability of
the AOD by the airborne dust profiling south of the High Atlas
Mountain range even in cases of a well-mixed dust layer. High
vertical variations of the dust lidar ratio of 38-50 sr were ob-
served in cases of stratified dust layers. The variability of the
lidar ratio was attributed to dust advection from different source
regions. The aerosol depolarization ratio was very similar to that
from the ground-based lidars and showed only marginal vertical
variations. Over the whole SAMUM-1 working region, the dust
layers were found to range from ground up to 4-6 km asl. As
observed on the Falcon, the dust particles exhibited two size
regimes with different state of mixings: below 500 nm, the par-
ticles had a non-volatile core and a volatile coating. Larger par-
ticles consisted of non-volatile components only and contained
some absorbing material. The real part of the dust refractive in-
dex was found almost constant with values close to 1.55. The
imaginary part varied between blue and red wavelengths by a
factor of 3-10, depending on the dust source region. Resulting
single-scattering albedo values calculated from dust size dis-
tributions and refractive indices by means of Mie theory were
0.70-0.90 at 450 nm and 0.83-0.99 at 700 nm.

From airborne radiation measurements on the Partenavia air-
craft, Bierwirth et al. derived the spectral surface albedo and dust
RFs. These are the first airborne and spectral surface albedo data
collected over bright desert surfaces over a larger terrain. They
showed that the surface albedo has a major impact on the short-
wave RF of Saharan dust. As derived from the measured albedo
spectra, that the TOA short-wave RF changed by 12 W m~2 per
0.1 surface albedo change. The net (short wave plus long wave)
TOA RF varied between —19 and +24 W m~2 for a surface
albedo of 0.0 and 0.32, respectively. Over the bright surfaces of
Southeast Morocco, the Saharan dust consequently always had
a warming effect.

With different model assumptions concerning the non-
sphericity of the dust particles and SAMUM-1 measured particle
and surface properties Otto et al. explored the effects of particle
shape on the energy balance. They simulated the downward ra-
diative transfer to be less affected by the non-sphericity, but the
upwelling was strongly influenced. Compared to Mie theory the
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non-sphericity could lead to enhanced short-wave cooling of the
Earth/atmosphere system by up to a factor of 2.8.

Optical surface, profiling and columnar data were used to
validate aerosol amount and type retrieved from multi-angle
imaging spectroradiometer (MISR) observations, and to place
the suborbital aerosol measurements into the satellite’s larger
regional context. On three moderately dusty days for which co-
incident observations were made, MISR mid-visible aerosol op-
tical thickness agreed with field measurements point-by-point
to within 0.05-0.1. This is about as well as can be expected
given spatial sampling differences; the space-based observa-
tions capture aerosol trends and variability over an extended
region.

3.2. Model results

Heinold et al. used the experimental data in large-scale dust
transport modelling with the regional dust model system LM-
MUSCAT-DES. The performance of this system was evaluated
for two time periods in May and June 2006. Dust optical thick-
nesses, number size distributions and the position of the max-
imum dust extinction in the vertical profiles agreed well with
the observations. However, the spatio-temporal evolution of the
dust plumes was not always reproduced due to inaccuracies in
the dust source placement by the model. Whereas simulated
winds and dust distributions were well matched for dust events
caused by dry synoptic-scale dynamics, they were often misrep-
resented when dust emissions were caused by moist convection
or influenced by small-scale topography that was not resolved
by the model.

3.3. Unexpected findings

Serendipity is not a guiding concept in atmospheric fieldwork.
However, with reliable and sensitive instruments directed with
an open mind at the complex atmospheric multiphase system
chances are good for interesting unexpected results. In the case
of SAMUM-1, two such unplanned for or unexpected results are
reported.

The first set of findings of this character concerned dust mo-
bilization mechanisms. Local emissions in the form of dust dev-
ils were readily observed for the first time by (but also a nui-
sance to) the lidars systems. For 5 d with favourable conditions
for convective activity Ansmann et al. provide detailed statis-
tics in form of frequency, height and meteorological conditions.
Knippertz et al. (2007) discuss another relevant local dust mo-
bilization mechanism for SAMUM-1, that is, density currents
driven by the evaporation of precipitation over the Atlas Moun-
tains. Despite the vigorous vertical mixing in the strongly con-
vective boundary layer, some distinct emission events could be
identified in the mineralogical composition and optical prop-
erties of dust sampled over Southern Morocco (Kandler et al.;
Knippertz et al. and Petzold et al.).
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The lidar system also yielded a second and unexpected result
because of the frequent occurrence of altocumulus imbedded
in or near the top of deep dust layers. Surprisingly, most of the
altocumulus clouds that formed about the top of the Saharan dust
layer, which reached into heights of 4-7 km asl and had layer top
temperatures of —8 to —18 °C, did not show any ice formation.
According to the lidar observations by Ansmann et al. (2008),
cloud top temperatures typically had to reach values as low as
—20 °C before measurable ice formation started (which is lower
than conventional knowledge).

4. Conclusions

In May/June 2006, a comprehensive mineral dust experiment
SAMUM-1, with state-of-the-art instrumentation, was con-
ducted over Southeast Morocco to characterize all relevant phys-
ical properties and optical effects of the Saharan mineral dust
aerosol close to its source in terms of volumetric characteristics
and in columnar properties and profiles from the surface to the
TOA. The final goal of SAMUM-1 is to improve the accuracy
on the calculation of regional and global RF of mineral dust.

During the experiment the aerosol varied from very low tur-
bidity, associated with Atlantic air masses, to moderate, and high
dust loads, in air masses arriving from Northern and West Saha-
ran source regions. Dusty conditions were predominant during
SAMUM-1 (78% of data), with AODs at 500 nm >0.15 with
maxima about 0.8 and Angstrom exponents <0.4. Dry particle
single-scattering albedo values ranged from 0.7 to 0.99 depend-
ing on wavelength and extent of anthropogenic soot fraction.
Hygroscopic growth measurements showed that coarse mineral
dust particles can safely be treated as completely hydrophobic
at least up to 85% RH. With the measured surface albedo of the
bright surfaces of Southeast Morocco, the Saharan dust always
had a warming effect on the atmosphere.

The regional dust model system LM-MUSCAT-DES was vali-
dated with the experimental data. Dust optical thicknesses, num-
ber size distributions and the position of the maximum dust ex-
tinction in the vertical profiles agreed well with the observations.
However, the spatio-temporal evolution of the dust plumes was
not always reproduced due to inaccuracies in the dust source
placement by the model.

The SAMUM-1 data were also used to validate aerosol
characteristics retrieved from MISR observations. Multi-angle
imaging spectroradiometer mid-visible aerosol optical thickness
agreed with field measurements about as well as can be expected
given spatial sampling differences; the space-based observations
capture aerosol trends and variability over an extended region.

With the same consortium and experimental set up, the Saha-
ran dust plume was characterized in the far field in a follow-up
experiment on the Cape Verdes in early 2008.
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