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The climatic effects of dust outbreaks in North Africa have been simulated 

using the weather research and forecasting model coupled with chemistry 

module (WRF-CHEM). This work presents the second simulation (climate 

dust simulation) of a series of simulations (first was climate simulation (2m 

Temperature and Precipitation) and the third will be aerosols climate 

simulation) with WRF-CHEM model over a large domain covering most of 

the African continent. The Ozone Monitoring Instrument (OMI) absorbing 

Aerosol Index (AI) is used to indicate the presence of elevated absorbing 

aerosol (such as desert dust) in the earth's atmosphere. For the distribution of 

dust concentration, the WRF-CHEM model captured the distribution of dust 

concentration over the studied area according to the OMI absorbing aerosol 

index AI. For the impact of dust on the meteorological parameters we got the 

seasonal differences (DUSTRUN-NODUST) for 2m temperature, 

precipitation, outgoing longwave radiation (OLR), and cloud fraction, the 

climate simulation including dust generally reduces the precipitation in the 

normal rainfall band over North Africa, as well as overall seasons due to the 

dusty case, OLR is reduced over the mostly cloudy North Africa region, 

while the cloud fraction shows decreases across North Africa and the 

Atlantic with an increase to the east, and the differences in T2m varied from 

season to season. The increase in precipitation is associated with increased 

convection in that region due to the heating of the air column by dust 

particles, as well as produces more cooling at the cloud top. 

 

 
                   Copy Right, IJAR, 2016,. All rights reserved.

 

Introduction:-   

Over the last years full attention has been given to the modelling of aerosols by the scientific community with a 

special emphasis on Saharan dust outbreaks [1][2]. It is known that dust outbreaks can travel long distances, and that 

high amounts of dust are transported above the mixing layer at a typical height between four to five kilometers in the 

free troposphere, often in a thin plume that can grow up to one kilometer thick [3][4], having 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 [5][6] and also changing cloud microphysical properties by acting as cloud condensation nuclei 

[7][8]. In addition, dust is also important for air quality through its impact on visibility and human health [9].  

 

Among the different components of aerosols in the atmosphere, wind-blown dust is emitted in large quantities over 

arid and semi-arid regions. Mineral dust, from both natural and anthropogenic sources, is the most abundant 

atmospheric aerosol component in terms of aerosol dry mass, contributing more than half of the total global aerosol 

burden [10]. Major sources of dust are located in arid regions, including deserts, semi-arid deserts, dry lake beds and 
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ephemeral channels, where annual rainfall is extremely low [11] and substantial amounts of alluvial sediment have 

been accumulated [12].  

 

Northern Africa is characterized by a Mediterranean climate at the north coast and a large desert area in the south, 

where temperatures are the hottest [13]. According to global climate projections [14], the already environmentally 

stressed Middle East and North Africa region will be one of the most prominent climate change hotspots. Substantial 

decreases in precipitation, especially during the winter season and intense warming, most pronounced during 

summer, will probably have strong economic and societal impacts in the region [15]. The Sahara desert over North 

Africa is the largest source of mineral dust in the world; mineral dust can modify the hydrological cycle over North 

Africa and modulate the tropical North Atlantic temperature [16]. Since finer dust particles can be lifted to high 

altitudes, where they are transported over long distances (often thousands of kilometers) from the source regions, 

Saharan dust can also play an important role in modifying climate on the global scale, when transported northward 

across the Mediterranean region up to central and northern Europe, or westward across the Atlantic Ocean 

occasionally to the eastern coast of the United States [17][18].  

 

In addition to these natural sources, human-induced droughts, disturbance of the land surface and climate variability 

(i.e. the anthropogenic sources for mineral dust) have also contributed to an increase of mineral dust aerosols within 

the atmosphere [19]. Additionally, mineral dust has a significant influence on the climate system directly by 

scattering and absorbing solar and infrared radiation [20], semi-directly through changes in atmospheric temperature 

structure and evaporation rate of cloud droplets (i.e. the cloud burning effect; [21], and indirectly in a complex way 

through impact on optical properties of clouds (i.e. enhancing cloud reflectance by increasing total droplet cross-

sectional area; [22].  

 

The relationship between atmospheric processes and dust aerosols is bidirectional, so that while the atmosphere can 

have a major impact on dust entrainment and its three-dimensional distribution, dust aerosols in turn can have 

impacts on the atmosphere. It has also been noted that direct radiative forcing by mineral dust changes the vertical 

profile of temperature and atmospheric stability, which in turn influences the wind speed profile within the lower 

atmosphere [23]. Previous studies indicate that mineral dust aerosols cool the surface and lower atmosphere, and 

warm the dust layer above during daytime [23], thereby contributing to establishing a more stable atmosphere [24], 

and hence decreasing near-surface wind speed [25][26], but increasing winds in layers above [23]. Such disturbance 

in meteorological fields may change the emission and transport of dust particles [27]. 

 

This article is an effort to simulate the regional climate dust over a large domain covering most of the African 

continent, especially North Africa using WRF-CHEM model, as well as the impact of climate dust on some 

meteorological parameters. In general, this work is the second simulation (dust concentration only) of a series of 

climate simulations over North Africa, the first simulation studied the regional climate simulation of WRF model 

over North Africa [28], and the third will be the climate aerosols simulation. 

 

Model, Data and Experimental Design:- 
 

a. Regional WRF-Chemistry Model:- 
 

The Weather Research and Forecasting (WRF) system is a mesoscale forecast model with an incorporated data 

assimilation capability that advances both the understanding and prediction of weather [29]. WRF has been utilized 

in a variety of research and operational projects, from the scale of convective storms to the scale of continental 

weather patterns [30]. WRF-Chem extends WRF by incorporating a chemistry module that interactively simulates 

emissions of aerosols and gases, their transport, turbulent and convective mixing, and chemical and microphysical 

transformations of trace gases and aerosols [31]. 

 

The WRF-Chem version 3.5 was used for this dust simulation. The WRF-Chem model generates the dust emissions 

during the actual run. The "online" dust emissions data is provided through land usage information produced by the 

WRF Preprocessing system (WPS) and the simulated meteorological fields. The land use categories based on the 

United States Geological Survey's (USGS) land use/cover system as shown in Fig. 1(a). In this study, the GOCART 

(Goddard Global Ozone Chemistry Aerosol Radiation and Transport) simple aerosol scheme was used, as this study 

only focuses on the simulation of dust particles. Five discrete size bins of dust particles were considered, with 



ISSN 2320-5407                         International Journal of Advanced Research (2016), Volume 3, Issue 1, 1011- 1023 
 

1013 

 

idealized spherical shapes whose radii range from 0.1 to 8.0 mm. The five dust bins in the model are 0.5:1, 1.4:2, 

2.4:3, 4.5:4 and 5:8.0 um, with corresponding effective radii of 0.5, 1.4, 2.4, 4.5, and 8.0 mm.  

 

The GOCART dust scheme considers preferential sources based on erodible fraction [32] and calculates the vertical 

dust flux from the surface as [33][34]. Dust emission flux is controlled by the surface properties (such as soil 

composition (clay, silt, and sand), see Fig. 1(c and d) for clay and sand fractions, vegetation, and soil moisture 

content), and surface wind velocity [35]. The dust emission flux in each bin is size-resolved, which is calculated by 

taking into account the soil particle fraction, erosion factor, see Fig. 1(e), surface wind velocity, and the threshold 

velocity of wind erosion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: a) Land use categories for the domain used, b) Terrain height of model domain over African continent with a 

50-km resolution grid, the Soil fraction of c) Clay and d) Sand from the soil categories data that are provided as part 

of WPS static data, and e) Fraction of erodible surface. 

 

 

b. Data Forcing:- 
The reanalysis data that provide the initial and lateral boundary conditions to the regional climate WRF-Chem 

model in this study is the NCEP/DOE Reanalysis-2 global data [36]. This data was created in cooperation between 

the National Centers for Environmental Prediction (NCEP) and Department of Energy (DOE). NCEP/DOE 

Reanalysis-2 is an improved version of the NCEP Reanalysis-1 model that fixed errors and updated 

parameterizations of physical processes. The NCEP/DOE Reanalysis-2 data are split into 2D and 3D files, the 2D 

data has T63 horizontal spectral resolution (1.875 × 1.875 degrees) while 3D has horizontal spectral resolution (2.5 

× 2.5 degrees), the temporal coverage is 4-times daily and monthly values, and 17 vertical levels, with the top 

extending to 10 hPa. The global SST data used has weekly of temporal coverage and (1 × 1 degrees) horizontal 

resolution and updated in the model every 6 hr. 
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The Ozone Monitoring Instrument (OMI) Ultra-Violet Aerosol Index (AI) product will be used to indicate the 

presence of elevated absorbing aerosol (such as desert dust) in the earth's atmosphere. The concept of the UV 

aerosol index (AI) was first introduced in the context of observations made by the Total Ozone Mapping 

Spectrometer (TOMS) sensors in the late 1990s [37] and has since been extended to apply to measurements with the 

Ozone Monitoring Instrument (OMI). OMI is a Dutch–Finnish instrument onboard the NASA EOS Aura spacecraft 

[38] launched in July 2004. OMI is the successor of the TOMS instruments and is dedicated to the monitoring of the 

Earth’s ozone, air quality and climate. It is a useful qualitative parameter for detecting the presence of absorbing 

aerosols in the atmosphere, based on a spectral contrast method in the near-UV region where ozone absorption is 

very small [37][39]. One interesting aspect of this parameter is that it is directly derived from instrument 

measurements and consequently is not affected by uncertainties in assumed aerosol properties. 

 

i. Experimental Design:- 
In our simulation the physics options include the Lin et al. Microphysics scheme [40], Kain–Fritsch convective 

parameterization scheme [41], CAM Shortwave and Longwave schemes [42], the Yonsei University planetary 

boundary layer scheme [43], the Noah Land Surface Model (LSM) four-layer soil temperature and moisture model 

with canopy moisture and snow-cover prediction [44], MM5 Similarity Surface Layer Scheme [45][46] and the 

GOCART simple dust aerosol scheme [33][34]. A summary of the selected model physics and chemistry options is 

given in Table 1. The extent of the North Africa domain is presented in Fig. 1(b), while the length of the simulation 

is 5.5 years (July 2006-December 2011), in addition to five months of spin-up time (July-November 2006) which 

was excluded from our analysis. We have used a horizontal resolution of 50 km and 51 vertical levels. The 

NCEP/DOE reanalysis-2 dataset was used to provide initial and boundary conditions, and covered the most African 

continent (including the North Africa interior domain). The output is stored every 6 h (00, 06, 12, 18 UTC) and 

monthly fields are therefrom derived.  

 

Table 1: The model physics options used. 

Compartment  Selected scheme(s) 

Microphysics  Lin et al 

Long wave radiation CAM 

Short wave radiation  CAM 

Planetary boundary layer  YSU 

Land surface  Noah LSM 

Convective parameterization  

Dust Emission 

Kain–Fritsch (KF) 

GOCART Scheme (Ginoux et al., 2001) 

 

As mentioned before, this work will focus on the distribution of dust concentration and its impact on some 

meteorological parameters (such as Temperature at 2m, Precipitation, Cloud cover, Outgoing longwave radiation). 

For the distribution of dust concentration, the OMI-AI will be used to indicate the presence of elevated absorbing 

aerosol (such as desert dust) in the earth's atmosphere and will compare between the surface dust concentration and 

the OMI-AI. Dust detection in the near UV band is possible using the OMI-AI which is a measure of the change of 

spectral contrast in the near UV due to radiative transfer effects of aerosols. The OMI-AI can be considered to be 

proportional to the dust burden, so it is a good indication of the dust spatial pattern, and as such it can be used for 

model validation. NON-absorbing aerosols (e.g., sulfate aerosols and sea-salt particles) yield negative AI values. 

UV-absorbing aerosols (e.g., dust, smoke, and biomass burning) yield positive AI values. Clouds yield near-zero 

values. In this paper we deal only with absorbing aerosols; henceforth, we refer to the positive values from (1) as the 

absorbing aerosol index. The comparison focused on the monthly mean of the surface dust concentration and the 

OMI-AI. Moreover, monthly observations derived from the OMI-AI dataset were used for 8 selected locations over 

the desert area in North Africa domain for the trends of mean surface dust concentration. Table 2 shows the stations 

location in their countries. 

 

For the impact of dust on the meteorological parameters, the WRF model output in the first simulation (climate 

simulation) [28] will be used, for the meteorological parameters used we subtract the first run (climate simulation) 

from the second run (climate dust simulation), e.g. [DUSTRUN-NODUAT] over the seasonal mean of the 

simulation period. 
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Table 2: The 8 stations location in their countries over the study domain 

Countries Station location 

Chad 

Cape Verde 

Bodele 

Cape Verde 

Algeria Bordj-Bodji Mokhtar and Tamanrasset 

Morocco Dahkla 

Egypt El-Farafra 

Mali Agoufou 

Niger Banizoumbou 

 

Results:- 

In this section the model surface dust concentration outputs are compared with the OMI-AI dataset while the next 

section will discuss the process of subtract of the meteorological parameters for the dust simulation and the 

simulation without dust. 

 

a. Dust Concentration 

 

The monthly mean of OMI-AI for the period of 2007-2011 is presented in the first and third column panel of Fig. 2 

(a-c, g-i), and Fig. 3 (a-c, g-i), while the second and fourth column panel Fig. 2 (d-f, j-l), and Fig. 3 (d-f, j-l) for the 

distribution of surface dust concentration from the WRF model. Using the OMI absorbing Aerosol Index, it was 

found that the most important sources of dust aerosols are located in the Northern Hemisphere, primarily over the 

Sahara and Sahel in North Africa; the Bodélé Depression (17°N, 18°E, 170 m) of the northern Lake Chad Basin in 

North Africa is the most intense source of dust in the world. 

 

 

Fig. 2: The monthly mean of OMI-AI for the period of 2007-2011 in the left column panel of a) January, b) 

February, c) March, g) April, h) May, and i) June, and the surface dust concentration (ug/kg-dryair) in right column 

panel of d) January, e) February, e) March, i) April, j) May, and k) June. 
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The second intense source of dust in North Africa was identified in the West Sahara, east of the Mauritanian coast 

near the Mali Mauritanian border stretching northeast towards the Mali-Algerian boarder. Other smaller sources 

include south of the northern (Tell) Atlas Mountains in northern Algeria, the eastern Libyan Desert, and the Nubian 

Desert in Egypt and Sudan. Note that high OMI-AI values along the coast of the Gulf of Guinea near the western 

coast of Africa (in months of winter and spring), as well as over southern Africa region (in austral winter and spring 

months) are attributed to biomass burning and smoke. In general, the WRF-Chem model captured the distribution of 

dust concentration over the studied area according to the OMI absorbing aerosol index AI. 

 

 

Fig. 3: Same as Fig. 2 but in the left column panel of a) July, b) August, c) September, g) October, h) November, 

and i) December, and the right column panel of d) July, e) August, e) September, i) October, j) November, and k) 

December. 

 

Stations Comparison:- 

A comparison between surface dust concentration of WRF-Chem model simulation and the OMI-AI data was 

performed over 8 station locations (Table 2) over the study domain as shown in Fig. 4. The closest model land grid 

point to the stations coordinates is considered with the mean AI of the closest OMI grid point for the comparisons. 

Fig.4 present the monthly averages of the positive values of the OMI-derived AI from 2007 to 2011 for the pixels 

corresponding to the 8 station locations. The highest AI values appear at Bodele, Cape Verde, Bordj-Brodji-

Mokhtar, Dahkla, Agoufou, and Banizoumbou (with maximum value beyond 3). Similarly, the highest monthly 

mean surface dust concentrations are obtained at the same months as AI values. Overall the dust concentration 

values of WRF-Chem model matches best with the peak of maximum values of the OMI-AI for the most of the 8 

stations. 
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Fig. 4: The time series of the monthly averages of the positive values of the OMI-AI and of modeled surface dust 

concentration (ug/kg-dryair) from 2007-2011 for a) Bodele and b) Cape Verde. 

 

 

Fig. 5: same as Fig. 4 but for c) Bordj-Brodji Mokhtar, d) Tamanrasset, e) Dahkla, f) El-Farafra, g) Agoufou, and h) 

Banizumbou. 
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Meteorological Parameters:- 

In accordance with our research objective, we have performed a series of simulations (3 simulations: the first for 

climate simulation [28], the second for climate dust simulation (this work), and the third for climate aerosol 

simulation (future work)), each simulation is a 5.5-yr run with the initial condition corresponding to 1 July 

(climatologically). The meteorological forces are fixed in all simulations so that dust emission is the only varying 

forcing between first and second simulation in this study. This section will show the impact of dust outbreak force 

on the meteorological parameters (e.g. 2m temperature, precipitation, outgoing longwave radiation, and cloud 

fraction) by comparing the 5-years simulation results of the first and second simulations. Differences between first 

and second simulation show the sensitivity of dust modulated on meteorological parameters due to the dust 

emissions in North Africa as shown in Fig. 6 and Fig. 7.  

 

The seasonal mean differences in 2m temperature are presented in the top panel of Fig. 6 and the bottom panel for 

differences in precipitation. During the DJF season, the 2m temperature is increased over the North African band 

especially over Egypt, Libya, Algeria, Tunisia, north of Sudan, Niger, and Chad (above latitude of 10
o
N), while the  

Fig. 6: The seasonal mean differences in temperature at 2m a) DJF, b) MAM, c) JJA, and d) SON and precipitation 

e) DJF, f) MAM, g) JJA, and h) SON. 

 

T2m decreased over Ethiopia as shown in Fig. 6a. The rainfall system in North Africa could be significantly affected 

by dust particles; it's decreased over Ethiopia, Democratic Republic of Congo, Uganda, Rwanda, and Burundi as 

shown in Fig. 6e. Fig. 6b shows the MAM difference in T2m, the values of T2m are decreased over some parts of 

Mali, Niger, south of Chad, Ethiopia, and north of Central Africa Republic, while the T2m increased over north of 

Sudan, Egypt, Libya, Algeria, Tunisia, and Mauritania. For precipitation in MAM as in Fig. 6f, it's values are 

increased over Democratic Republic of Congo, Angola, south of Chad, north of Nigeria, and eastern of Algeria, 

while decreased over Ethiopia, north of Central Africa Republic, Tunisia, and Morocco. 

 

During the JJA season as in Fig. 6c, the T2m decreased over north of Algeria, Mauritania, Mali, south of Niger, 

Nigeria, Chad, Ethiopia, and Central Africa Republic, while increased over Egypt, Libya, north of Niger, south of 

Algeria, and west coast of Morocco. Fig. 6g shows the JJA differences in precipitation, the values decreased over 

east and north coasts of Congo, Central Africa Republic, and Nigeria while the values increased over south of Chad, 

west and south coasts of Nigeria, south of Mali. For the SON differences in T2m, the values increased over parts of 

Libya, Algeria, Mali, and Niger as shown in Fig. 6d while decreased south of Sudan, south of Chad, Central Africa 

Republic, and middle of Africa. Fig. 6h shows the SON differences in precipitation that the values decreased over 

south of Sudan, south of Chad, Central Africa Republic, and Congo while the values increased over Ethiopia. 



ISSN 2320-5407                         International Journal of Advanced Research (2016), Volume 3, Issue 1, 1011- 1023 
 

1019 

 

The seasonal mean differences in outgoing longwave radiation are presented in the top panel of Fig. 6 and the 

bottom panel for differences in cloud fraction.  

Fig. 7: The seasonal mean differences in OLR a) DJF, b) MAM, c) JJA, and d) SON and cloud fraction e) DJF, f) 

MAM, g) JJA, and h) SON. 

Overall seasons as shown in Fig. 7(a-d), due to the dusty case, OLR is reduced over the mostly cloudy 

North Africa region. Precipitation in the same area, however, increases Fig. 6(e-h), corresponding to the enhanced 

convection as indicated by reduced OLR, while the cloud cover shows decreases across North Africa and the 

Atlantic with an increase to the east Fig. 7(e-h). Adding the dust effect in the model simulation reduces the 

precipitation in the normal rainfall band over North Africa. The increase in precipitation is associated with increased 

convection in that region due to the heating of the air column by dust particles, as well as produces more cooling at 

the cloud top. The differences between adding the dust emissions in the second simulation and the first simulation 

are indicating that the dust emissions forces play a dominant role in the overall climatic effect over North Africa. 

 

Conclusions and Future Work:- 
While Numerous RCMs have been developed and applied for simulating the dust climate in the worldwide 

locations, we used the climate-chemistry version of WRF model to conduct the dust climate simulation over North 

African domain. This simulation is the second from a series of simulations; the first was for the climate simulation 

and the third will be for climate aerosols simulation.  

 

The results of 5.5 years climate dust simulation have been carried out to study the distribution of dust concentration 

and its impact on the 2m temperature, outgoing longwave radiation, cloud field, and precipitation patterns over 

North African domain. The WRF-Chem simulation for dust succeeds in reproducing the main geographical 

distribution and monthly variations of surface dust concentration in comparing to OMI absorbing aerosol index.  

 

For the impact of dust on the meteorological parameters we found that, the climate simulation including dust 

generally reduces the precipitation in the normal rainfall band over North Africa, as well as overall seasons due to 

the dusty case, OLR is reduced over the mostly cloudy North Africa region, while the cloud cover shows decreases 

across North Africa and the Atlantic with an increase to the east, and the differences in T2m varied from season to 

season. The increase in precipitation is associated with increased convection in that region due to the heating of the 

air column by dust particles, as well as produces more cooling at the cloud top. 

The future work including aerosols simulation, will conduct using WRF-Chem model in climate mode for 

the same period and configuration. 
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