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a b s t r a c t

The Saharan dust event that occurred between the 22nd and 30th of June 2012 influenced the atmo-
spheric radiative properties over North Africa, the Iberian Peninsula, the Western Mediterranean basin,
extending its effects to France and Southern England. This event is well documented in satellite imagery,
as well as on the air quality stations over the Iberian Peninsula and the AERONET NASA network. In order
to assess the effect of the model vertical resolution on the extinction coefficient fields, as a proxy to the
particulate matter concentrations in the atmosphere, the WRF-Chem model was applied during this
period over a mother domain with a resolution of 18 km, covering Europe and North Africa. To this end
five model setups differing in the number of vertical levels were tested. Model skills were evaluated by
comparing the model results with CALIPSO and EARLINET LIDAR data. Results show that the model is
able to simulate the higher level aerosol transport but it is susceptible to the vertical resolution used. This
is due to the thickness of the transport layers which is, eventually, thinner than the vertical resolution of
the model. When comparing model results to the observed vertical profiles, it becomes evident that the
broad features of the extinction coefficient profile are generally reproduced in all model configurations,
but finer details are captured only by the higher resolution simulations.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Over the last years full attention has been given to themodelling
of aerosols by the scientific community with a special emphasis on
Saharan dust outbreaks (Pey et al., 2013; Bozlaker et al., 2013; Laken
et al., 2014).

It is known that dust outbreaks can travel long distances, and
that large amounts of dust are transported above the mixing layer
at a typical height between four to five kilometres in the free
troposphere, often in a thin plume that can grow up to one kilo-
metre thick (Borge et al., 2008; Guerrero-Rascado et al., 2009; Yang
et al., 2012), having regional to continental impact on the particu-
late matter measured in air quality networks, and may also affect,
directly and indirectly, the atmospheric radiative budget. Moreover,
the study of dust outbreaks becomes of high interest as these
particles can interact with solar and thermal radiation, perturbing
the Earth’s radiative budget, with consequent impacts on climate
(Santos et al., 2013; Ant�on et al., 2014), and also changing cloud
microphysical properties by acting as cloud condensation nuclei
(Weinzierl et al., 2011; Alam et al., 2014). Therefore, the under-
standing of the sensitivity of modelled simulations to the user
defined parameters is crucial in order to get the best of the
modelled results.

Using a fully coupled meteorologyechemistryeaerosol model
using different aerosol mechanisms Zhao et al. (2010) investigate
the modelling sensitivities to dust emissions and aerosol size
treatments over North Africa. In their work the authors have shown
the differences given by each different mechanism, as well as the
effect on the shortwave radiative forcing. More recently, Fast et al.
(2014) studied the performance of the Weather Research and
Forecasting regional model with chemistry (WRF-Chem) in simu-
lating the spatial and temporal variations in aerosol mass,
composition, and size. Albeit showing that the model is capable to
reproduce the overall synoptic conditions that controls the trans-
port and mixing of trace gases and aerosols, and hence the overall
spatial and temporal variability of aerosols and their precursors,
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there are cases where the local transport of some aerosol plumes
were either too slow or too fast.

The impact of the vertical discretization on model results has
been addressed by several authors (Byun and Dennis, 1995;
Aristodemou et al., 2009; Hara et al., 2009; Warner, 2010; Menut
et al., 2013) and different approaches have been used to tackle it.
An example of such approach is the development of a parametri-
zation that allows to take into account the sub-grid aerosol
dispersion and mixing (Byun and Dennis, 1995). Yet, the non-
linearity of the vertical profile makes this method hard to imple-
ment for every atmospheric dynamical setting. Several authors
have also approached this problem by coupling the regional scale
model with a large eddy simulation models in order to resolve the
sub-grid processes that occur (Aristodemou et al., 2009; Hara et al.,
2009). However, this technique is difficult to apply over large do-
mains and it is not suitable for long term modelling due to its
computational costs. Lastly, by decreasing the vertical grid in-
crements, thus increasing the vertical model resolution, a better
discretization can be achieved keeping the physical consistency
between the meteorological and chemical variables (Byun and
Dennis, 1995; Menut et al., 2013). It is known that physical fea-
tures that can be well resolved by the horizontal grid increment
should also be resolvable by the vertical grid increment (and vice
versa). If the vertical grid increment is too coarse to satisfy this
criterion, the resulting truncation error will generate spurious
gravity waves during the simulation and the features will be poorly
rendered by the model (Warner, 2010).

The mathematical relationship that defines consistency be-
tween the vertical and horizontal grid increments has been defined
differently by different authors. However, the studies found in the
literature are often mechanism dependent (Pecnick and Keyser,
1989; Lindzen and Fox-Rabinovitz, 1989; Persson and Warner,
1991). The impact of the vertical resolution at surface on chemistry-
transport modelling has been addressed byMenut et al. (2013). The
authors show in their work that by increasing the vertical dis-
cretization the model was able to better reproduce the surface
concentrations.

Southern Europe countries are often exposed to the influence of
Saharan dust outbreaks (Guerrero-Rascado et al., 2009; Santos
et al., 2013). Due to their impacts on air quality several in-
stitutions have implemented operational products on atmospheric
dust loads (Terradellas et al., 2014). Up to the moment the WRF-
chem model has not been implemented in operational mode for
this purpose and diagnostic studies are still scarce over the Iberian
Peninsula (IP). The objective of the present work lays on the study
of the influence of the vertical grid resolution on the dust lift and
transport with theWRF-chemmodel. This is accomplished by using
five different vertical model discretizations and comparing the
modelled results with LIDAR observations, both from satellite and
from surface.

2. Method and data

2.1. Model setup

A Saharan dust event that occurred between 22th and 30th of
June 2012 has influenced the atmospheric radiative properties over
North Africa, the Iberian Peninsula (IP) and the Western Mediter-
ranean basin, extending to France and Southern England. This event
is well documented in satellite imagery as well as in the air quality
stations over the IP and the AERONET NASA network.

The location of the primary dust sources in North Africa has
already been identified by several authors (Prospero et al., 2002;
Obreg�on et al., 2012) and the circulation patterns associated with
the dust transport is well documented in the literature (Escudero
et al., 2005; Guerrero-Rascado et al., 2009; Obreg�on et al., 2012).
Taking this knowledge into account a domain covering both the IP
and North Africa was designed, as shown in Fig. 1, in order to
correctly simulate the dust source, the transport and the particulate
matter concentration fields.

The community model WRF-Chem version 3.5.1 (Grell et al.,
2005) was used to simulate all the identified period taking into
consideration a 48 h spin up. Initial and lateral boundary condi-
tions, from ERA-Interim reanalysis (Dee et al., 2011) for meteoro-
logical fields and MOZART-4/GEOS-5 (Emmons et al., 2010) for
chemical species, with the Pfister et al. (2011) implementationwere
provided to the model at six hour intervals. Grided anthropogenic
emissions were calculated on the basis of two available emission
inventories datasets, namely, the European Monitoring and Evalu-
ation Program (EMEP) data base (www.ceip.at/emission-data-
webdab/emissions-used-in-emep-models) over Europe com-
plemented with the REanalysis of the TROpospheric chemical
composition over the past 40 years RETRO emission inventory. The
EMEP inventory for 2011 provided total annual emission of nitro-
gen oxides (NOx), carbon monoxide (CO), sulphur oxides (SOx),
ammonia (NH4), non-methane volatile organic compounds
(NMVOC), and particulate matter (PM) over Europe with a grid
resolution of 50 km grouped in 11 source types. The procedure
followed to build the emissions interface is derived from that of the
CHIMERE model (Bessagnet et al., 2008) and adapted by Tuccella
et al. (2012) specifically for WRF-Chem. For the model domain
not covered by the EMEP emissions, the standard REanalysis of the
TROpospheric chemical composition over the past 40 year (RETRO)
emission inventory, with a resolution of 50 km, were used
following the Freitas et al. (2010) methodology. Fire emissions for
the simulated period were taken from the NCAR’s Fire Inventory
(FINN) emissions model and given to the model according to the
Wiedinmyer et al. (2011) procedure. The biogenic emissions are
calculated through theMEGANModel (Model of Emissions of Gases
and Aerosols from Nature) (Guenther et al., 2006).

The gas phase chemical mechanism used in this work was the
CBMZ (Carbon Bond Mechanism) photochemical mechanism
(Zaveri and Peters, 1999) and the aerosol mechanism the MOSAIC
(Model for Simulating Aerosol Interactions and Chemistry) aerosol
model considering eight sectional aerosol bins (Zaveri et al., 2008)
implemented by Fast et al. (2006) into WRF-Chem, which also in-
cludes more complex treatments of aerosol radiative properties
and photolysis rates.

The set of parameterizations used in the model physical
configuration were the Lin et al. microphysics Scheme (Lin et al.,
1983), Goddard shortwave radiation scheme (Chou and Suarez,
1994), RRTMG (Rapid Radiative Transfer Model) longwave radia-
tion model (Mlawer et al., 1997), the MM5 similarity surface layer
scheme (Zhang and Anthes, 1982), the Noah Land Surface Model
(Tewari et al., 2004), the Mellor Yamada Janjic Planetary Boundary
Layer scheme (Janjic, 1994) and the Grell 3D Ensemble Scheme for
cumulus parametrization (Grell and D�ev�enyi, 2002). The main
chemical parametrization used were the Fast-J photolysis scheme
(Wild et al., 2000), GOCART with AFWAmodifications described by
Ginoux et al. (2001) was used to include dust and sea salt emissions.
The Wesely (1989) dry deposition velocities parametrization are
used, as well as, the full wet deposition module, coupled with
aqueous chemistry, available inWRF/Chem, and aerosols direct and
indirect effects are accounted in the simulations (Chapman et al.,
2009). A detailed description of the WRF-Chem model and the
computation of aerosol optical properties can be found in Fast et al.
(2006) and Barnard et al. (2010).

To study the influence of the vertical grid resolution on the dust
lift and transport four simulations were performed using different
numbers of vertical level, starting at 30 and going up to 100 vertical
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Fig. 1. Representation of the model domain, CALIPSO satellite swaths (coloured lines), location of the EARLINET ground stations (green dots) and model surface erodible fraction
(shaded). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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levels e 030L, 040L, 060L, 080L and 100L. All these simulations
have an horizontal resolution of 18 km and an adaptative time step
always lower than 108 s was applied to ensure numerical stability.
2.2. Observed data

To assess the model skill in simulating the vertical distribution
of aerosols two observed dataset were used. The first dataset con-
sists on the 532 nm extinction coefficient from Cloud-Aerosol Lidar
Infrared Pathfinder Satellite Observations (CALIPSO) Level 2 Aero-
sols Profile product derived from the CALIOP backscatter LIDAR
instrument. This product also accounts for the retrieval un-
certainties derived in 5 km along-track segments at 60 m vertical
resolution, separated into contiguous daytime and night time
granule files and the extinction coefficient is derived using the
Hybrid Extinction Retrieval Algorithm described by Young and
Vaughan (2009). The night and day time satellite passages as well
as all the available passages matching the domain of interest and
period were considered e Fig. 1.

The second dataset corresponds to the 532 nm extinction co-
efficients for the ground LIDAR stations of the European Aerosol
Research LIdar NETwork (EARLINET). A full description of this
dataset can be found in the Schneider et al. (2000), Pappalardo et al.
(2014) report. From this network the three stations with available
data for the period in question and located inside the domain of
interest (IP) were considered e �Evora, Madrid and Barcelona. The
location of these stations can be found in Fig. 1.

The presence of a sunphotometer from the Aerosol Robotic
Network (AERONET) close to the LIDAR station of Barcelona allows
for the computation of daytime extinction coefficient measure-
ments using the Aerosol optical thickness (AOT). This is done by
constrainning the LIDAR AOT to that provided by the sunpho-
tometer at the closest time to the LIDAR measurement by adjusting
the LIDAR ratio using the KletteFernaldeSasano algorithm in for-
ward and backward integration method (Fernald et al., 1972;
Sasano et al., 1985), producing day time retrievals with lower un-
certainties. For �Evora and Madrid, during day time, the LIDAR ratio
used is based in climatological values, resulting in large un-
certainties. Therefore, for the first two (�Evora and Madrid) only
night time data retrieval were usedwhile the third (Barcelona) both
night and day time retrievals are used.
2.3. Model skill analysis

Several measures, based on Keyser and Anthes (1977) and Pielke
(2002), were used to quantify the model skill, namely:

� Deviation of the modelled data in relation to observed values:

0
fi ¼ fi � fi;obs (1)

� Accuracy, as the degree of closeness of measurements of a
quantity to that quantity actual value.
fi;obs � Dfi;obs <fi <fi;obs þ Dfi;obs (2)

� Bias, which represents the mean deviation of the modelled data
in relation to the observed values.
Bias ¼ 1
N

XN
i¼1

f0
i (3)

� The Root Mean Square Error.

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffis

E ¼

PN
i¼1

�
fi � fi;obs

�2
N

(4)

� The Root Mean Square Error after the removal of a constant bias.

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiv

EUB ¼

Pn
i¼1

h�
fi � f

�� �
fi;obs � fobs

�i2
N

uut
(5)

� Standard deviation for the modelled e Eq. 6 e and observed e

Eq. 7 e data.
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ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn � �2s

S ¼ i¼1 fi � f

N
(6)

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiv

Sobs ¼

Pn
i¼1

�
fi;obs � fobs

�2
N

uut
(7)

were fobs represents the observed values, f themodelled values, i is
the temporal index and N is the number of elements of f

considered.
Given this, a perfect forecast would observe the following

criteria:

� SzSobs.
� E< Sobs.
� EUB < Sobs.
� Bias2 < E2.
� Pearson Correlation (R) z1.
3. Results and discussion

3.1. Synoptic setting

During the first three days of the simulated period e 23rd to
25th of June e the IP is under the influence of an anticyclonic
system that prevents the arrival of the frontal system that is
developing in the North Atlantic. This blockage produces clear sky
weather conditions and a strong surface heating, leading to the
development of thermal low over the IP, this setting can be seen in
the provided supplement S1. At the same time, a deep convective
storm initiates and matures over North Africa. This storm produces
strong surface winds that lift high amounts of dust, creating an
atmospheric mixing layer with high dust loads. This event is well
documented in satellite imagery as well as in the data acquired at
the air quality stations over the IP and the AERONET NASA network,
which show an increase of the Atmospheric Optical Thickness be-
tween 24rd and 28th of June, as can be seen in the provided
supplementary material for the AERONET stations of �Evora (S2),
Avignon (S3), Barcelona (S4) andMadrid (S5) (obtained fromhttp://
aeronet.gsfc.nasa.gov/). The Dust RGB composite based upon
infrared channel data from the Meteosat Second Generation sat-
ellite provided in supplement S6, showing the extent of the dust
event plume (dust storms in pink) (obtain from http://www.
eumetrain.org/eport/archive_euro.html).

At the following days the high pressure system undergoes a
northward displacement, allowing the dust rich airmass transport to
the North, reaching the southern and western coast of the IP on the
26th of June. During this event the IP is free of clouds, the air mass
that is transported from North Africa creates a fairly dry environ-
ment, with relative humidity not exceeding the 30% over the IP
during the simulate period (not shown), therefore, hygroscopicity
and aerosol indirect effects are not expected to play a dominant role.

In the end of the simulated period e 28th to 30th of June e a
frontal system sweeps the study area, bringing cold and dust free
air to the IP.

According to MODIS satellite images few fire hot spots were
sensed over the IP during the simulated period of this event (not
shown) making this event an opportunity to study the influence of
dust aerosol in the atmosphere during summer time, excluding the
influence of major wildfires usually occurring over the IP during
this season.
3.2. CALIPSO vs WRF model

The WRF-Chem simulated extinction coefficient at 532 nm for
three CALIPSO satellite swaths on 26th and 28th of June at 0200
UTC has well as on the 28th of June at 1300 UTCwas interpolated to
match the CALIPSO track and compared with CALIPSO retrieved
extinction coefficient at 532 nm for the five performed simulations,
as can be observed in Fig. 2.

As can be seen in Fig. 2, WRF-Chem overestimates the extinction
coefficient retrieved by CALIPSO but captures the temporal and
vertical variations along the CALIPSO track. Moreover, all the sim-
ulations are capable to broadly reproduce the CALIPSO pattern.
However, a finer discretization of the model vertical grid produces
differences to the modelled extinction coefficient, specially along
the border of high values of extinction coefficient, in areas where
high gradients are present or where local and small scale processes
are dominant. For all the compared days, it can be observed that the
increase of vertical resolution produces extinction coefficient pat-
terns that do not reach as high as the lower resolution simulations.
It can be observed that for areas with high spatial variability of this
optical property e e.g. 28th of June at 0200 UTC around 28.0�N e

and also in areas where the mixing layer processes are dominant in
relation to the distribution of aerosols e over 40.0�N and near the
Gibraltar straight (approximated location at 36.0�N Ne 5.5�N W)e
significant differences between simulations can be detected,
specially near the surface levels, with the lower resolution simu-
lations showing a more smoothed distribution of the extinction
coefficient values and hence of the aerosols loads in the
atmosphere.

When comparing the accuracy of the simulations in reproducing
the CALIPSO LIDAR extinction coefficient, (Table 1), no evident
pattern can be recognized. In some cases the increase of the vertical
resolution leads to an improvement in the accuracy and in other
cases it decreases it. However, all simulations present similar
relative accuracy. Nonetheless, it is noteworthy that for the 28th of
June at 0200 UTC, the day with more observed grid points, and
consequently the satellite swath where more small scale features
are depicted in the observations, the increase of the vertical reso-
lution produces better results, with the highest accuracy being
achieved by the 080L simulation.

By providing a high resolution vertical profile of the extinction
coefficient for the study domain, this dataset allows for a unique
approach for comparing modelled results with observations.
However, the acquired observed values are affected by a large un-
certainty which is typically z40% for the extinction coefficient
according to Vaughan et al. (2004) and Liu et al. (2008). Moreover,
there is often missing data in areas of extreme interest e the lower
levels and in areas where important processes are responsible for
dust emissions and its distribution in the atmosphere e e.g. for
26th at 0200 UTC and 28th at 1300 UTC. Therefore, the choice of the
best simulation considering only this dataset is not straightforward
and other data sources must be considered.

3.3. EARLINET vs WRF model

The EARLINET LIDAR extinction coefficient vertical profiles give
an estimate of the aerosol distribution and evolution during the
Saharan dust event in the lower troposphere e between 500 and
3000 m of altitude e providing a best estimate of aerosol in these
levels when compared to the CALIPSO products. The combination of
this dataset with the CALIPSO allows us to obtain a better estimate
of the model skill and permit to a better understanding of the effect
of the vertical discretization on the model results.

Fig. 3 shows the skill measures for all the performed simula-
tions, using the stations within the domain with available data
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Fig. 2. CALIPSO retrieved extinction coefficient (km�1) at 532 nm. The three columns denote the extinction coefficient cross sections on 26th of June at 0200 UTC, 28th of June at
0200 UTC and 28th of June at 1300 UTC. The rows denote, from top to bottom: CALIPSO retrievals, WRF-Chem 030L, 040L, 060L and 080L.

Table 1
Percentage of grid points that are considered accurate for CALIPSO LIDAR retrivels e night passages in light grey and day passages in dark grey.
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during the study period. In this figure it is possible to see that all
simulations overestimate the observed variability e S=Sobs >1 e as
well as the observed extinction coefficient e E=Sobs >0 e even after
the removal of a constant bias (EUB=Sobs >0). However, the BIAS2=E2

is small (close to zero), showing that the error associated with the
peak displacement of the model results is small when compared to
the its E. Moreover, the majority of the simulations present a
Pearson Correlation (R) near 50%. These results of skill measures
also show an increase of skill for the simulations with higher res-
olutions, with the exception of the simulation 100L, where the skill
measure shows a deterioration.

The simulation that performed best when considering this skill
analysis was the 080L. This result can be associated with a better
description of the local scale processes that dominate over areas
that significantly affect the dust transport. Namely near Gibraltar
where the Levant wind (gap wind) together with land-ocean-land
discontinuity will create a blockage to the dust transport within
the mixing layer. Changing the vertical resolution will therefore
change the vertical distribution of dust. It should be stressed that
during the simulated period the atmosphere is dry (air mass from
North Africa) and there is no moist convection nor other phe-
nomena that could significantly change the aerosol distribution.

The deterioration of skill when increasing the resolution from
80 to 100 levels may happen due to limitation in numerics, i.e.
WRF-Chem diffusion is explicitly determined. Moreover the in-
crease of vertical resolution is not followed by an increase of the
horizontal resolution, leading to poorly rendered features, which is
an expected result. Also with this resolution the model can
implicitly solve some features which are also being parametrized.
Nonetheless, the skill of the 100L simulation is higher than the skill



Fig. 3. Vertical profiles of extinction coefficient at 532 nm skill chart e all EARLINET
stations available for the study domain were used.

Table 2
Simulations BIAS for the extinction coefficient profile (km�1) e all EARLINET sta-
tions available for the study domain were used.

Levels 030L 040L 060L 080L 100L

BIAS 0.029 0.027 0.025 0.016 0.022
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of simulations that use vertical levels commonly used (30e40
levels).

The previous analysis allows for the quantification of the model
skill when compared to observations. In cases where the model is
capable of reproducing the observed pattern, but with different
amplitude or displacement, it can be considered that the model
does not have skill in reproducing the observations.

The vertical profiles of extinction coefficient at 532 nm for
Barcelona for several of the simulated days can be seen in Fig. 4.
This figure illustrates the aforementioned effect in Fig. 4(a) the
model is able to reproduce accurately the spacial location of the
layer where high concentration of aerosols are present - high
extinction coefficiente in all simulations, but is failing to reproduce
their amount. Similarly, in Fig. 4(d) the same effect occurs but in
Fig. 4. Vertical profiles of extinction coefficient (km�1) at 532 nm at Barcelona for (a) 22nd
28th of June at 1400 UTC.
this case, the change of the vertical levels significantly affects the
location of the aerosol layer.

In Fig. 4(b) two distinct aerosol layers can be identified at an
altitude of 1.0 and 2.5 km e through the high extinction coefficient
values. In this case the model simulates the first layer above its
observed location and also underestimates its extinction coefficient
magnitude; it is noticeable that the number of levels for the vertical
resolution choice produces different aerosol amounts- the higher
the resolution the higher the extinction coefficient. It can also be
observed that the model presents lack of skill in simulating the
second aerosol layer. Only the 60 level simulation was able to
capture a weak signal in simulating this layer.

In the case shown in Fig. 4(c) it is possible to see that the model
has skill in simulating the extinction coefficient profile and it is able
to reproduce the observed profile in every performed simulation
with few differences on the location of the aerosols layers.

The simulation BIAS considering the observed period and all
EALINET stations can be seen in Table 2.

The previous analysis show that the different simulations pro-
duce significant changes to the BIAS. From Table 2 it is possible to
see that by increasing the vertical resolution to 80 vertical levels,
there is a reduction inmodel BIAS, and a consequent decrease in the
extinction coefficient of 45%.

As mentioned before, (Zhao et al., 2010) investigated the
modelling sensitivities to dust emissions and aerosol size treat-
ments over North Africa. In their work the authors show that the
differences given by each different mechanism can lead to an in-
crease of the extinction coefficient as large as 12% (MADE/
of June at 1800 UTC, (b) 25th of June at 1500 UTC, (c) 27th of June at 1000 UTC and (d)
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SORGRAM compared to MOSAIC). Moreover, the choice of the
physical parametrization, (Misenis and Zhang, 2010), and the
description of the dust fluxes, (Kang et al., 2011) can significantly
change particle matter concentration, especially within the plane-
tary boundary layer.

This analysis of the WRF-Chem simulations and their compari-
sonwith the available observations emphasis the importance of the
choice of the number of vertical levels when simulating the
transport of dust in the atmosphere. The changes to the modelled
extinction coefficient depicted in this analysis can be as important
as the choice of the model parametrization, providing an overview
on the influence of vertical levels in model uncertainties.

4. Concluding remarks

Atmospheric chemistry models are known to be sensitive to
user defined model parameters. This work focuses on the study of
the influence of the vertical grid resolution on the dust lift and
transport. In order to achieve this goal, a Saharan dust event that
occurred between 22th and 30th of June, 2012 was simulated using
the WRF-Chem model. Five simulations using different number of
vertical levels, 30, 40, 60, 80 and 100 levels, were performed and
the results compared against the extinction coefficient LIDAR ver-
tical profile observations, both from CALIPSO satellite and from
surface EARLINET stations.

The analysed results have shown that the performed simula-
tions where able to broadly reproduced the temporal and vertical
extinction coefficient patterns found in the CALIPSO LIDAR obser-
vations. Moreover, it was found that the increase of model vertical
resolution better depicts the small scale extinction coefficient
patterns that are often associated to regions where local and small
scale processes are dominant, and areas of high concentration
gradients of aerosols. However, we noticed that increasing the
vertical resolution beyond a certain point (from 80 to 100 levels, in
our case) may result in no further improvement (or slight deteri-
oration) of model skill. In addition, when comparing the modelled
to the EARLINET ground stations, it was possible to observe that the
model is able to capture the location of the aerosol layers, but with
a large error of its extinction coefficient. The analysis of the skill
measures showed that each simulation presented a large error
(E=Sobs >0) and an overestimation of the observed variability
(S=Sobs >1). This analysis should however be considered with
caution since the observations used for the extinction coefficient
are associated with large uncertainties. Furthermore, it was also
seen that the model is sensitive to the choice of the vertical reso-
lution, showing significant differences in the aerosol layer location
and extinction coefficient amplitude as the vertical grid increments
are changed. It also shows an increase of the model skill when the
vertical resolution increases, with the best results being achieved
for the 080L simulation.
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