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Abstract- The study was conducted at Kano state of Nigeria with 

data from the National Oceanic Atmospheric Administration 

(NOAA) using the meteorological station of Mallam Aminu 

international airport of Kano state. The wind direction of dust 

transport to Kano state indicated that the majority of the dust 

events blow from the North-east of Kano state Nigeria, which 

comes from Lake Chad that has aboundary with Nigeria. The back 

trajectory also confirmed that most of the dust to Kano comes from 

the North-east of Nigeria. The dust transportation and mobilisation 

to Kano state are easy due to the fine nature of the sediments. This 

harmattan dust mobilisation and deposition are naturally 

controlled especially by the meteorological factors completely 

away from the human influence. The effects of these winds are 

obviously felt in the homes, offices, schools, due to the widespread 

of the air-borne dust that covers beds, tables, chairs, cars and 

mostly all available surfaces. 

 

Index Terms- Mineral dust, Dust transport, Emission, Trajectory, 

Visibility. 

 

I. INTRODUCTION 

he desert areas serve as a source of atmospheric mineral dust, 

which helps to play a vital role in modulating climate through 

a number of complex processes. Globally, it is estimated that dust 

emission of 1100 to 5000 Tg per year worldwide annually is 

emitted (Engelstaedter et al., 2006) although that estimations of 

individual studies varies strongly. Other model estimates that 

about 40 – 70% of the global dust emission occurs in North 

African deserts. The Sahara desert is the strongest dust source 

worldwide with the highest aridity next to the Chilean Peruvian 

desert. Mineral dust entrainment to the atmosphere is connected to 

the surface. The threshold problem of wind erosion and 

mobilization of soil particles shows that wind velocity and 

turbulent fluxes are necessary to mobilize soil particles. This 

erosion development depends strongly on surface conditions. 

Snow cover, vegetation and crusting inhibit particle mobilization. 

However, two major conditions have to be accomplished for dust 

emission; appropriate high wind velocities and soil surface 

conditions suitable for dust mobilization.  

          Both atmosphere dynamics and cloud formation processes 

are affected by dust aerosol (Hoose et al., 2010; Lohmann, 2005).  

It is clear that mineral dust is observed to transport over long 

distances. The strongest source area of dust, which is known to be 

the North Africa, provides largest contributions to the atmospheric 

dust content globally. The Atlantic Ocean is where the Saharan 

dust is been transported (Prospero & Lamb, 2003; Prospero et al., 

1996; Swap et al., 1992) moves towards the Mediterranean Sea 

(Stuut, 2009; Moulin et al., 1998) and east farther (Israelevich et 

al., 2002; Kubilay et al., 2005). Most of the times, dust is been 

transported towards Southern Europe (Lyamani et al., 2005; 

Rogora et al., 2004) and moves farther north towards North 

Europe and central (Coen et al., 2004; Ryall et al., 2002).  

          The mineral dust has a great impact in Kano state, Nigeria; 

about 183 people recorded the death in an air crash the year 1973 

as a result of low visibility that is been caused by dust event (low 

visibility). The high rate of diseases caused by dust in Kano State 

such as catarrh, respiratory disorder and meningitis epidemics, and 

an increase in an auto car accident is great alarming due to low 

visibility, which causes loss of life in the city of Kano. The aim of 

this study is to investigate the source region and dust transport of 

mineral dust to Kano state.  

          1.2: Dust transport: The transport of dust movement 

depends on the height up to which the dust is mixed. The 

harmattan dust is mixed up into the atmosphere, which is 

transported within regional, local and large-scale circulation 

pattern. Dust particles are of different sizes; those larger than 60 

µm in less than one day are removed from the atmosphere through 

dry deposition (Duce, 1995) in the absence of cloud and 

precipitation interactions. Larger dust particles sizes (60 - 2000 

µm) always fall out near the source area and at lower tropospheric 

levels particles are observed. The turbulent fluxes cause the small 

particles (< 60 µm) to mix over the entire boundary layer depth 

and stay up in the atmosphere for some days (Duce, 1995). When 

this occurs the dust aerosol is entrenched in the transport of the air 

mass. The mixing height and vertical extent of the dust layer are 

determined by the vertical turbulent fluxes. The local regimes are 

been impacted by surface conditions such as roughness and 

topography elements (e.g. stones, rocks, vegetation) moves the 

dusty air layers away from the source area.  

          Air masses properties cause the height of the dust layer to 

change during transport. This results in either subsidence or 

elevation, as well as determines if whether the dust layer is more 

likely to be impacted by local or large-scale circulation pattern 

conditions. In the upper tropospheric layers, the dust particles are 

mixed and can remain in the atmosphere for one to two weeks 

(Duce, 1995) and generally circulation regimes of the atmosphere 

will be influenced (Riemer et al., 2006; Mahowald et al., 2007). 

          The world’s largest dust source the Sahara, which 

contributes the largest portion of the atmospheric dust content and 

displays seasonal fluctuating transport pattern with respect to 

pathway and amount. Transport directions are very important in 
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the wind regimes, temperature and air mass characteristics like the 

moisture content are also important most especially for transport 

height. However, the dust export is affected by the seasonality of 

the dust source areas as it adjusts the temporal and local 

distribution of source areas and the dust flux discharging. The 

following mainly influences the tropical and subtropical North 

Atlantic towards Saharan dust export; a).Principal regional wind 

regimes, b).the activated dust sources areas of spatial distribution, 

c).the precipitable clouds that control atmospheric rainout and 

washout of dust and d).the boundary layer heights. 

          They boundary layers depth and that of the transport height 

of dust layers entering the tropical North Atlantic changes as a 

result of the seasons. Therefore, the seasons is a factor that 

depends on the transport path of Saharan dust layers towards the 

Atlantic, mainly related to the strength and direction of the trade 

winds and to the position of the inter-tropical convergence zone 

(ITCZ) (Engelstaedter et al., 2006; Mbourou et al., 1997; Moulin 

et al., 1997).It is assumed that the African Easterly Waves (AEW) 

is modulated by the variability of Saharan dust outbreaks towards 

the tropical Atlantic during northern hemispheric summer (Jones 

et al., 2004). The african easterly jet (AEJ) that is made up by the 

thermal gradient between the lower temperatures over the gulf of 

Guinea and high temperatures over the Sahara desert (Thorncroft 

& Blackburn, 1999). 

          The Saharan Air Layer (SAL) are known be an enclosed 

Saharan dust layers propagating towards the North Atlantic 

(Dunion & Velden, 2004) and it is expected to extend over a large 

area of the said North Atlantic far towards the west to the west 

indies (Carlson & Prospero, 1972). The Saharan Air Layer (SAL) 

is located above the trade wind layer at a height of up to 5 to 7 km 

during hemispheric summer (Dunion &Velden, 2004; Chiapello et 

al., 1997) while at the levels below 1.5 to 2 km, the SAL is 

embedded in the trade wind layer during winter (Barkan et al., 

2004; Chiapello et al., 1997). During the summer period, the 

Saharan dust air overlaps the moist, that is denser monsoon air, 

crosses the ocean and reaches the Atlantic embedded within the 

westwards winds as enclosed layer. The SAL extends downward 

into the marine boundary layer due to the sedimentation of dust 

particles when reaching the warm West Atlantic (Karyampudi et 

al., 1999). However, the middle-level easterly jet is capable of 

mixing dust from the SAL downwards which is been caused by 

deep moist convection strong enough to penetrate through the 

boundary layer inversion and strong vertical wind shears 

(Karyampudi et al., 1999). 

          Dust transport paths give information regarding areas where 

the dust can be expected to settle down, which is important for 

economical growth (ground transportation and aviation sector), 

government sector (restrictions on air quality), fertilization and 

health aspects. Dust particle surface may change concerning the 

chemical, optical and physical characteristics during atmospheric 

transport. The chemical (Photo) processes under aqueous or dry 

(e.g. in the presence of moist air or clouds) conditions together 

with reactions as result of adsorption of pollutants and soot (e.g. 

sulphur) occurs most times, this depends on the transport path in 

relation to emitted pollutants or clouds (e.g. aviation, biomass 

burning, shipping, industry) (Erel et al., 2006; Meskhidze et al., 

2003). Particle-radiation interactions may change due to changing 

particle characteristics, the dust or the hygroscopic properties is 

been delivered by the bioavailability of micronutrients that is of 

very important for particle-cloud interactions (Fan et al., 2006; 

Johansen et al., 2000; Meskhidze et al., 2005). 

 

          1.3: Dust transport and harmattan Saharan dust 

towards Kano State, Nigeria: The largest source of mineral dust 

and dust plumes emanate from North Africa, which is the widest 

spread, dense and persistent. These dust are emitted from the 

desert regions and are transported into the atmosphere. These 

processes are highly variable in time and space with an annual 

peak during the summer season. The so-called Saharan air layer 

(SAL) that is uplifted dry and mineral dust particle-enriched air is 

transported over the West Africa and over the Atlantic; here it 

affects the cyclogenesis of tropical cyclones. The emission of dust 

over North Africa can occur due to the different weather systems;  

 

- The upper-level troughs that penetrate to low latitudes 

(Knippertz and Fink, 2006). 

- The issue of high near-surface speeds that is caused by 

the downward mixing of momentum from nocturnal low-

level jets. These may be due to the occurrence in relation 

to Saharan heat low dynamics (Knippertz, 2008) or with 

the lee of complex terrain that is generated in the low-

level jets e.g. the Bodele region in the Northern Chad 

(Washington and Todd, 2006; Todd et al., 2008). 

- The effect of density currents that results from the strong 

evaporation cooling along precipitating cloud bands 

across the northern part of Sahara (Knippertz and Fink, 

2006) and in the southern Morocco along the Saharan 

side of the Atlas mountain chain (Knippertz et al., 2007). 

- The leading edge of the Atlantic inflow caused by the 

density currents (Grams et al., 2010), which are related 

with dust uplift, was generated in model simulations 

Schwendike (2010). 

- The mesoscale convective systems (MCSs) as a result of 

density currents are very efficient and effective for the 

emission of dust and its injection to altitudes, which 

favours the long-range transport. In the beginning of the 

monsoon season, this process is of very important, before 

the growing vegetation rapidly constrains local dust 

emission (Evanet al., 2007).  

- The leading edge of the monsoon nocturnal flow in the 

inter-tropical discontinuity (ITD) region caused by 

highly turbulent winds that generate dust uplifting 

(Boukaram et al., 2008). Marsham et al., (2008) 

described that the thermodynamic characteristics of the 

dusty layer at the leading edge of the monsoon flow over 

the Sahel.   

 

          The presence of Saharan dust in the atmosphere causes 

visibility reduction that is a common characteristic in most parts 

of Kano state and sub-Saharan West Africa between the months of 

November and March known as the harmattan season every year. 

During the dry season which occurs during winter, the inter- 

tropical discontinuity (ITD) is displaced towards the south such 

that almost all parts of sub-Saharan West Africa between the Gulf 

of Guinea and Sahel are under the effect of the North-east trade 

winds which conveyances Saharan dust into most part of the 

regions of the world.   
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          The movement of dust entrainment and circulation from the 

source regions has shown a greater concern and research over the 

years (Engelstaedter et al., 2006; Todd et al., 2007). Brooks 

(2000) and Prospero et al., (2002) discussed the specific sources 

of dust within the Sahara and their most active periods. Different 

authors have estimated the annual dust output from these sources 

to range from 400 to 700 Tg yˉ̄¹ (Schutz, 1980; d’Almeida, 1986; 

Swap et al., 1996). Chad basin as a whole and in particular the 

Bodele depression as suggested, contributes a large percentage of 

the dust load in the atmosphere globally (Prospero, 1999, 2002; 

Pinker et al., 2001; Goudie et al., 2009). It is identified that this 

region serve as a major source of dust conveyed across over Kano 

state of Nigeria towards the Gulf of Guinea in boreal winter season 

(Koren et al., 2006; Washington et al., 2003; Prospero et al., 2002; 

Middleton and Goudie, 2001; Israelevich et al., 2002; Kalu, 

1979;). 

          The estimation made by Todd et al., (2007) calculated the 

total dust flux that is emitted from the Bodele to be 1.18±0.45 Tg 

day ˉ̄¹ when there is a significant dust event. The result of increase 

in contribution to atmospheric dust load from the region is due to 

the shrinking of Lake Chad and the increasing desiccation of its 

basin due to the drought in Sahel over the past few decades 

(Middleton, 1985; Mbourou et al., 1997; Anuforom et al., 2007). 

As Anuforom et al., (2007) explained that the issue of the inter-

annual variability of dust concentration found in the atmosphere 

over the Sahel region part of West Africa nearly follows 

arrangement of variability of rainfall and the altering areal 

magnitude of the Sahara. 

          Different trajectories at different times of the year are been 

followed by dust concentration from the Sahara. The trajectory of 

dust concentration during summer is highlighted Prospero et al., 

(1970, 1999), Prospero and Carlson (1970), and Prospero and 

Carlson (1972). D’Almeida (1986) accounted that the amount of 

mass of the dust produced in the Sahara and the neighboring region 

is transported towards the south to the Gulf of Guinea of about 

60%, 28% is transported towards the west to the equatorial North 

Atlantic Ocean and about 12% towards the North to Europe. The 

highest mass, which is the southward transport that moves towards 

the Gulf of Guinea mainly, occurs during the northern hemisphere 

winter. Nigeria is found to lies along this trajectory; this causes the 

dust and sand storms not uncommon mostly in the northern part of 

Nigeria during this winter season known as dry (harmattan) season 

in Nigeria (Ologunorisa and Tamuno, 2003).  

 

II. METHOD 

          2.1: Study site: Kano state is found to be one of the states 

located in Northern-western Nigeria that was created on May 27, 

1967. The state is a closed-settled zone, having a population 

density of 2.66 persons per hectare and is borders Katsina state to 

the north-west, the south-east is Bauchi state, Jigawa state is 

located to the north-east while Kaduna state to the south-west as 

seen in (Fig: 1). Kano state is the largest city in the northern region 

part of Nigeria and the third largest in Nigeria after Lagos and 

Ibadan and in the Sahelian geographic region south of the Sahara. 

It has coordinates of 11.7574 ° N, 8.6601 ° E. The 2006 census 

reported about 9 million people that make the state populous state 

in Nigeria. Kano metropolitan area covers 499 km² and consists of 

eight local government areas as of the six mentioned above in 

addition to Ungogo and Kumbotso having a population of 

2,828,861 in 2006 Nigerian census as the metropolis is growing 

quickly. The climate region features savanna vegetation and a hot 

semi-arid zone. The annual average precipitation per year is about 

690 mm (27.2 in), the bulk fall from June through September. The 

state of Kano is typically very hot throughout the year, though it 

is noticed to be cooler from December to February. During the 

months of December, January and February, night time 

temperatures are cool with average low temperatures of 11 to 15 

°C (52 to 59 °F). 

 

          2.2: Back trajectory of mineral dust to Kano state 

Nigeria: Back trajectories were created with the use of HYSPLIT 

for each day dust haze was present from 2011 to 2014 period. The 

back trajectories from 2011 – 2014 were examined and then 

grouped for statistical evaluation of dust transport patterns on days 

in which convective dust events, dust events, and when no dust 

events occurred. In this study, it compares trajectory contour plots 

for all days with at least one dust observation i.e. “high 

concentration” days.  

 

          They use of HYSPLIT model was reported by Draxler and 

Hess (1997), which support a wide range of simulations that is 

associated with the dispersion, long-range transport and deposition 

of pollutants. The back trajectories created with the data were 

gridded meteorological data from short-term forecasts from 

NOAA air resource Laboratory. A trajectory started from the 

receptor site (Mallam Aminu International Airport Kano state with 

coordinates (12.0456 °N, 8.5221° E). The receptor site starts with 

the height of 500m above ground level combined with the air 

parcel position that is referred to as an endpoint was calculated 

back in time for 72 hours. The days and time of dust events were 

input with the MET data that examine the days and time dust event 

outbreaks as both the Kano-in and Kano-out were input in the 

trajectory and was run, contours plots were displayed in the 

HYSPLIT trajectory endpoints. The HYSPLIT trajectory 

endpoints of the Kano out of all the days and time of dust events 

were inserted into ArcGIS map for remote sensing that displays 

the transport pathways of dust towards Kano state.  
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Fig 1: Back trajectory Kano state Nigeria (2011 – 2014). 

 

          2.3: Wind direction of Dust to Kano State: The wind 

direction of dust events in Kano state was presented in (Fig: 4.9) 

showing that the majority of the dust events blows from the North-

east of Kano state Nigeria which comes from Lake Chad that has 

aboundary with Nigeria. Majority of the dust comes falls between 

45° to 90° (North-east) showing 75% which is the main wind 

direction of the dust to Kano state followed by 18% comes 0° to 

45° (North-east) while about 4% comes from 90° to 135° (South-

east), about 2% falls within 315° to 360° (North-west) while the 

least of about 1% wind direction comes from 270° to 315° (North-

west). 

 

 

 
Fig 2: Wind frequency and direction (2000 – 2014) 

 

          3.1: Discussion: The wind direction of dust to Kano state 

was presented in (Fig: 2) about 93% of the dust events to Kano 

state comes from the North-east of Nigeria while the few others 

come from the South-east and North-west. From the observation 

of the back trajectories carried out in (Fig: 1) it is believed that the 

Saharan dust that is affecting the Kano state of Nigeria during the 

Harmattan season comes originally from the alluvial plain of 

Bilma (Niger) and Faya Largeau (Chad) off the western slope of 

the Tibesti massif of North Africa. The plain of Bilma and Faya 

Largeau is without bias to any other source areas existing rather 

than the two for the Saharan dust in other parts of the Saharan 

desert.  

          The main interest here lies on the source and the 

meteorological factors that are favourable for emission, transport 

and deposition of the Saharan dust particles that affect the Kano 

state of Nigeria during the harmattan dust haze. There is a need to 

understand that Saharan dust also affects other parts of North 

Africa not only in West Africa during a different period of the 

year. For instance during summer in West Africa the dust is 

essentially absent south of the surface position of the Intertropical 
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discontinuity, the trajectory of the Saharan dust moves or shifts to 

a westward direction which affect southern Algeria, Spanish 

Sahara, Morocco and more further West to reach to the Caribbean 

Islands across the Atlantic (Martin, 1975; Prospero, 1968). 

          Dust is usually raised at the source region whenever such 

synoptic features as described above are obvious on weather 

charts. This have been a useful forecasting tool in Nigeria for the 

development of the harmattan dust haze in West Africa from the 

Bilma – Faya Largeau source area (Fig 1). Therefore before there 

can be a reasonable and sustained discharge of a particulate 

substance into the atmosphere, the meteorological conditions must 

first be satisfied.The rise of the periodic development of strong 

surface wind is as a result of low-level anticyclogenesis with its 

associated pressure surge and instability that causes the periodic 

emission of dust into the atmosphere (Kalu, 1979). As the author 

confirmed that the velocity of 30 knots or more rely on 

observational evidence and this has been successfully used in 

Nigeria to predict the development of dusty atmosphere from the 

Bilma –Faya Largeau source area.  

          3.2: Recommendation: There is need to understand the 

characteristics of these dust transport and concentration in Kano 

state and to investigate more on mineral dust composition 

(mineralogical and chemical) and to study further on the soil 

moisture, wind speed velocity of dust in Kano state. Additionally, 

there is a need to study on human health impact on dust 

concentration and find an alternative measure to prevent or reduce 

dust events that are capable of impairing visibility and application 

of reforestation programme to curtail the amount of dust that is 

been transported to Kano state Nigeria. However, the study has 

also shown a little scale view that is insufficient to understand the 

highly complex nature of mineral dust redistribution but that the 

incorporation of both local, regional and global scale observations 

are required in order to understand fully the phenomena. 
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