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ABSTRACT 

The objective of our study is to investigate the impact 
of dust aerosols and future changes on regional climate 
over the Iberian Peninsula, where dust events frequently 
occur because Sahara desert is very close. The climatic 
effects of dust aerosols are investigated using the last ver-
sion of the Regional Climate Model system RegCM4 with 
a spatial resolution of 20 Km and 18 sigma vertical levels. 
In relation to the first simulation, initial and lateral bounda-
ry conditions are created using reanalysis data. In the 
second experiment, there is two simulations for the 2050 
year with boundary conditions from the CCM3 global 
model, one containing concentration of dust aerosols and the 
other omitting dust. The effects of Sahara dust events on 
ground temperatures and precipitations are presented in 
this work. The results indicated that dust aerosols general-
ly produced negative radiative forcing at the top of the 
atmosphere over most areas. 
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1. INTRODUCTION 

Mineral aerosols are emitted from arid and semiarid 
zones on the Earth where, these surfaces are less protected 
from erosion because of very limited or inexistent vegeta-
tive covers, and very low soil humidity. The Sahara desert 
has been identified very important source of emission of 
this aerosol [1]. Desert dust is on average the principal 
aerosol component over the basin and strongly influences 
the Mediterranean climate. Desert dust aerosols come from 
suspension, saltation and creeping processes associated with 
wind erosion. The particles once in the atmosphere can be 
transported over long distances depending of the meteoro-
logical conditions.  
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The dust particles may also influence the atmosphere 
by absorbing and reflecting solar radiations that modify 
the radiation budget [2]. Atmospheric aerosol direct and 
indirect radiative effects play an important role for the 
climate and the environment. Several modelling studies 
suggest significant climatic effects of dust [3-9]. 

Compared to global climate models the relatively 
high resolution and detailed physical parameterizations by 
regional climate models are particularly suitable to de-
scribe the complexity of aerosol processes. Dynamical 
downscaling is based on the application of a regional cli-
mate model, deriving high resolution information for a 
selected domain by employing global data at the lateral 
boundaries.  

The basic strategy is to use the global model to simu-
late the response of the global circulation to large-scale 
forcing and the regional climate model to account for sub-
grid scale forcing (topography, land cover...) in a physically 
based way and enhance the simulation of atmospheric 
circulations and climate variables at fine spatial scales. 

 
 
2. MATERIALS AND METHODS 

The regional climate RegCM 4.3 designed by the In-
ternational Centre of Theoretical Physics (ICTP) was used 
to do the climate simulations. RegCM is a high resolution 
atmospheric model. It is a hydrostatic, compressible, sigma-p 
vertical coordinate model run on an Arakawa B-grid in 
which wind and thermodynamically variables are horizon-
tally staggered. The model dynamics are the same as that 
the hydrostatic version of MM5 [10].  The description of 
planetary boundary layer (PBL) processes is based on the 
Holtslag scheme [11]. Radiative transfer calculations in 
RegCM are carried out with the radiative transfer scheme 
of the global model CCM3 [12].  It takes into account the 
radiative effect of different greenhouse gases, atmospheric 
aerosols and cloud water-ice, in different spectral bands. 
The radiative flux calculations include 18 spectral intervals 
from 0.2 to 4.5 microns. Cumulus convection is represented 
with the MIT scheme [13]. Ocean-air turbulent exchanges 
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of heat, momentum and moisture are based on a 2-layer, 
1-dimensional heat transfer model with the top layer rep-
resenting the upper few millimeters of the ocean which is 
cooled by net long- wave radiation loss and surface fluxes 
[14]. 

The aerosol scheme includes 4-bin desert dust mod-
ule [15]. The basic aerosol scheme includes advection by 
atmospheric winds, diffusion by turbulence, vertical 
transport by deep convections, surface emissions, dry and 
wet removal processes. The dust particles are divided into 
four bins, fine (0.0.1-1.0 microns), accumulations (1.0-2.5 
microns), coarse (2.5-50.0 microns) and the biggest (5.0-
20.0 microns). The dust emission scheme accounts for 
subgrid emissions by different types of soil, and the soil 
texture distributions [16]. The aerosols are radiative inter-
active both in the solar and infrared regions of the radia-
tion spectrum. The aerosol size distribution and refractive 
index dependent optical properties are computed using the 
Mie theory for each wavelength and for each aerosol 
species [17]. The model computes the shortwave radiative 
influences of all the above aerosol types using these opti-
cal properties, along with the long-wave effects of dust 
particles. Full information of the RegCM4 model and its 
aerosol module is described in Giorgi et al. [18].  

There are many studies using RegCM model for re-
gional climate simulations over different regions, East Asia 
[19], Africa [20], Europe [21], Mediterranean area [22], 
North America [23], South Asia [24] and South America 
[25]. Some studies have also reported the impact of dust 
aerosol on the regional climate [26-30]. All of them show 
that dust aerosol affects the local climate, specifically pre-
cipitation and temperature, by modifying the radiative 
forcings. The RegCM model coupled with the aerosol model 
has been used to evaluate the dust intrusion events over 

the Mediterranean area and the model was able to capture 
the dust outbreaks with a generally satisfactory agreement 
with observations. The main deficiency of the simulations 
is an underestimate of aerosols amounts at locations far from 
the dust source, particularly in the lower troposphere [31]. 

We present a series of experiments with RegCM run 
over an Iberian Peninsula domain. We carried out six ex-
periments of yearly simulations for 2012 and 2050 over an 
extended domain covering the Iberian Peninsula, Figure 1, 
at 20 Km. (225 by 225 grid cells) grid spacing with Lam-
bert conformal projection. The model employs 18 vertical 
sigma levels, with a model top at 50 hPa. The topography 
exhibits some localized high mountains as Alps and also 
part of the East African complex terrains. The topography 
is derived from the United States Geological Survey´s 
(USGS) GTOPO 30 seconds global elevation data which 
is interpolated onto the model grid. 

Global data from the model Community Climate Sys-
tem Model (CCSM) has been used as initial and boundary 
conditions. The CCSM outputs cover a global Gaussian 
grid with T85 resolution and 26 vertical levels with a hy-
brid coordinates system. We have selected the IPCC sce-
nario SRESA1B, which is part of the A1 scenario family 
describing a future world of rapid economic growth, global 
population and the rapid introduction of new and more 
efficient technologies. The A1 scenario family develops 
into three groups that describe alternative directions of 
technological change in the energy system and A1B means 
a balance across all fossil and non-fossil sources, where 
balanced is defined as not relying too heavily on one par-
ticular energy source, on the assumption that similar im-
provement rates apply to all energy supply and end-use 
technologies.  

 
 

 

 
 

FIGURE 1 - Model domain and topography for simulated area. Iberian Peninsula is located at the centre of this model domain. 
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FIGURE 2 - Yearly average surface temperature differences in 2012 (CCSM3 – NNRP) 
 
 
 

We also used an additional source of global data, data 
from NCEP/NCAR Reanalysis Project (NNRP1) archived 
global analyses for initial and lateral-boundary conditions 
[32]. NNRP data are available from 1948 to current day 
on a 2.5 x 2.5 degree at 6 hours intervals, using a state-of-
the art analysis/forecast system to perform data assimila-
tion. 

Comparison of surface temperature for 2012 refer-
ence year of NNRP and CCSM data has been developed 
(Figure 2). Large differences, up to 10 degrees, exist 
between the global data. CCSM is not constrained by 
observations like NNRP.  

Simulations for year 2012 and 2050 have been car-
ried out, with dust and without dust emission. These 
simulations have been identified as: CCSM2012DUST, 
CCSM2012NODUST, CCSM2050DUST and CCSM2050 
NODUST. One additional simulation was carried out, in 
this case we have downscaled 2012 NCEP Reanalysis 
(NNRP1) to allow us to evaluate model performance. 
This simulation included dust emissions and it has been 
labeled as NNRP2012DUST. The simulations and work 
flow chart is summarized in the Figure 3 and Table 1. 
Differences between two simulations are calculated as the 
Equation 1. 

(%)
DUST NODUST

DIFERENCES
NODUST


  (1) 

 

 

FIGURE 3 - Flow chart of the simulations 
 
 

TABLE 1 - Description of the simulations 

LABEL YEAR BC´S DUST 

NNRP2012DUST 2012 NNRP1 YES 

NNRP2012NODUST 2012 NNRP1 NO 

CCSM2012DUST 2012 CCSM YES 

CCSM2012NODUST 2012 CCSM NO 

CCSM2050DUST 2050 CCSM YES 

CCSM2050NODUST 2050 CCSM NO 
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3. RESULTS AND DISCUSSION  

We used the daily average temperature from 66 Span-
ish meteorological stations data from the European Cli-
mate Assessment Dataset (ECA&D) [33] to validate the 
RegCM simulations. The model validation has been 
achieved at station level for the year 2012. The gridded 
data of temperature from RegCM simulations have been 
selected where a station was located.  

The series of RegCM daily means and measurements 
were spatially averaged and compared using time series 
and linear regression. The results are presented in Figure 4. 
The model does well represent the annual cycle of tem-
perature but slightly overestimates the temperatures. The 
most pronounced temperature differences between model 
and observations are observed in spring and summer, but 
very good correlation coefficient is presented, 0.8235, for 
the full year. The observed warn bias is consistent with 
the conclusions obtained by Tummont et al. 2010 [34]. 
The simulation without dust exhibits much more warm 
biases that are reduced including dust emissions. So, the 
inclusion of the dust decreases the temperature bias and it 
is consistent with negative surface radiative forcing. 

The first comparison was made between the 2012 re-
sults with CCSM global data and NNRP with dust emis-
sions (CCSM2012DUST-NNRP2012DUST) for tempera-
ture (K) and precipitation (liters per hour, L/h), Figure 5. 

We can view important differences in air temperature, 
CCSM data increase up to 1 Kelvin degree over land sur-
face and decrease up to 2 Kelvin degrees over ocean sur-
face. In case of the precipitation the differences are small. 

For 2012 (CCSM2012DUST-CCSM2012NODUST) 
and 2050 (CCSM2050DUST-CCSM2050NODUST) years, 
impacts (%) of the dust on the yearly average near surface 
temperature are showed in the Figure 6 and impacts /(L/h) 
on the precipitation are showed in the Figure 7. 

The dust impact over near surface temperature is lo-
calized mainly over Sahara desert where the dust emis-
sions are very important. Small impacts are visible over 
the south of Spain and Portugal (-0.1 %). The forecasted 
impacts for 2050 are similar to the 2012 with decreases of 
temperature up to 0.5 % but largest zones are detected for 
the 2050 than the 2012. There are small areas where year-
ly average temperature is expecting to increase but less 
than 0.1 %. 

 
 

 
FIGURE 4 - 2012, Daily mean temperature Observational ECA&D data (point line) vs RegCM (solid line)  simulation forced by CCSM 
boundary data. Spatial average of 66 observational points. Time series (top) and linear regression (bottom). RegCM solid 
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FIGURE 5 - Differences between CCSM and NNRP global data, 2012 average temperature near surface (left) and precipitation (right) 
 
 
 
 
 
 
 
 
 
 

 
 
FIGURE 6 - Near surface temperature differences (%)  between simulations with DUST and without dust  for 2012 (left) and 2050 (right) 
using CCSM global data 



© by PSP Volume 23 – No 11. 2014   Fresenius Environmental Bulletin    

2767 

. 
FIGURE 7 - Precipitation differences (L/h) between simulations with DUST and without dust for 2012 (left) and 2050 (right) using CCSM 
global data. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
FIGURE 8 - Near surface monthly temperature differences (K) , spatial average,  between simulations with DUST and without dust  for 2012  
and 2050 using CCSM global data. 
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FIGURE 9 - Precipitation differences (L/h) , spatial average,  between simulations with DUST and without dust  for 2012  and 2050 using 
CCSM global data. 
 
 
 

In the case of the yearly average precipitation the dust 
impacts are more important to the 2050 year than the 
2012 year. The main points where the dust impacts on the 
precipitation are located close to Canary Islands (Spain) 
and east Europe. 

Now we can analyze the differences of the monthly 
near surface temperature (K), Figure 8, and precipita-
tion (L/h), Figure 9, of the all domain (spatial average) 
between simulations with dust and without dust for 
2012 and 2050 (CCSM2012DUST-CCSM2012NODUST, 
CCSM 2050DUST-CCSM2050NODUST ). 

In general, the forecast impact is bigger for the 2050 
year than the 2012 for the temperature, especially during 
summer period, June and July where the expected impact is 
close to 0.6 K. In case of precipitation both year 2012 and 
2050, the maximum impacts are produced during summer 
time, June 2012 and September 2050, where the dust aero-
sol make to reduce the precipitation up to 0.05 (L/m2).  

 
 
4. CONCLUSIONS 

The simulations results show that dust exert essential 
cooling effect at the surface level because the radiation 
forcing induced by the dust is negative and it decreases 
the surface temperature. The cooling effect may suppress 
the vertical movement of air masses due to the lack of 
convective processes, so the dust makes a cooling effect 
at the surface layer.  This negative surface radiative forc-
ing is also reported by Solmon et al. 2008 [27] over Afri-
ca. Yosihoko et al. 2007 [35] showed that over the de-
serts, long-ware radiation is absorbed by larger particles.   

Our study allowed analysis of simulated dust emissions 
using the regional climate model (RegCM). The study of 
the impact on precipitations and temperatures indicated that 
dusts could exert a cooling effect in the Sahara and Spain 
regions. The cooling at the surface was accompanied by a 
decrease in precipitations in the studied domain with the 
exception of some zones. These results can be added to 
contrasting conclusions with respect to knowing if dust 
increases or decrease the annual precipitation [8, 25, 36].  

RegCM4 appeared to be a suitable tool for the study 
of the direct effects over the regional climate of the Iberi-
an Peninsula. Future works will be addressed to take into 
account the indirect effects of aerosols which are not 
included in this version of RegCM4. The indirect effects 
of the dust possibly impacting convective systems [37], 
[38] and is also thought to have potential importance in 
terms of warm microphysics and cloud condensations 
nuclei [39].  
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