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Abstract

Textural Analysis of Windblown Sand (TAWS) is essential for understanding the characteristics of
wind sediment and behaviors of grain movement particularly in the climatically frame of wind
erosion. This paper aimed to generate preliminary quantitative data on TAWS by estimating grain
size distribution and some textural parameters e.g. median diameter (M50), mean grain size (Mz),
graphic standard deviation (c1) inclusive graphic skewness (Ski) and transgraphic kutosis (KG) in
three selected sites namely, north, south east and south Atbara in river Nile state. Coefficient
variations of the (M50) and (Mz) results exhibited a colossal similarity with minor differences
between them accounted about 1.12%. In spite of the high variability of (c1) between three sites
(30%) but the data can be characterized as very well sorted (< 35), so the study area can be
described as highly susceptible to wind erosion, the susceptibility decreased in the following order:
north Atbara > south east Atbara> south Atbara. Regarding to (Ski) results the three sites can be
described as positively skewed (north and south east Atbara) and very positively skewed (south
Atbara). The (KG) data showed leptokurtic (north and south Atbara) and mesokurtic (south east
Atbara). The dominant mean grain sizes for sand samples for north Atbara were fine sand 34% and
medium sand 50%. Whereas the samples of south east Atbara distributed fine sand 34%, medium
sand 45% and courses and 5%. South Atbara gave 25%, 38% and 12% for fine, medium and

courses sand respectively.

Keywords: Textural analysis, textural parameters, graphic standard deviation, behaviors of sand

grain, River Nile state, Sudan.
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1. Introduction

Wind erosion is defined by [1] as “soil physical process by which dry, loose and fine surface
soil particles are picked up and transported and/or moved along the soil surface by wind and
thereby abrade the soil surface material by wind-born particles.” This process is a two-Step process,
namely detachment of primary soil particles from the soil mass and their transport by erosive winds
(V > 5.4 m/sec). When the wind velocity or energy is below the threshold value to transport soil
particles, deposition occurs. Soil particles move by three mechanisms according to their diameter:
suspension (d < 0.1 mm) saltation (d = 0.1-0.5 mm) and surface creep (d > 0.5 mm). The conditions
conducive to wind erosion include: loose, dry, and dispersed soil particles, smooth surface soil, lack
or sparse vegetative cover, large and extensive field and erosive winds. Wind erosion researches are
widely acknowledged [2,3,4,5 and6]. Two main factors affect wind erosion: wind erosivity and soil
erodibility. Wind erosivity is a measure of the ability of wind to pick the soil particles from the soil
surface and transport them by saltation or push them on the soil surface (surface creep) or blow
them and transport them by suspension [1]. Soil erodibility is the susceptibility of a dry soil or its
ease of detachment and transport by wind. It is a measure of the susceptibility of the soil to erosion
[1].

There are two indices of erosivity, namely the pressure of prevailing erosive winds and the
index introduced by [7]. Both indices are dependent on erosive wind velocity. The velocity of
erosive winds depends upon the size of the particles eroded by it. Erosive winds were classified
according to Beaufort scale of wind velocity and equivalent pressure at 40 m height. It was reported
that even under gentle breeze (3.4-5.4 m/sec.) soil particles are carried away [1].

[8] Assessed wind erosivity of Atbara for two successive seasons (August 2008 — March
2009 and August 2009 — March 2010) using an equation introduced by [7]. Erosive wind speeds (V
> 5.4 m/sec), wind direction and duration data for both seasons were used. The results showed that
both hourly and monthly wind speed and erosive wind speed varied widely in magnitude and
direction in both seasons. The diurnal variation was much lower than the monthly variation. In the
first season, for example, erosivity ranged from O (Nov.) to 369.8 (Feb.) with a mean of 255.1 and
CV of 43.6%. The results showed that the direction of the highest contribution of erosive winds in
August (75.6%) in summer was from SW followed by that from S (10.5%); whereas during January
in winter the highest contribution was from NNW (59.4%) and N direction (19.9%).
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Soil erodibility by wind was referred to as wind erodibility to distinguish it from soil
erodibility by water. A comprehensive research project on wind erodibility (WE) was implemented,
in several States in Sudan, by postgraduate students as complimentary research in partial fulfillment
of their M.Sc. degrees, in the Desertification and Desert cultivation studies Institute, University of
Khartoum [9,10,11,12,13,14,15 and16].

In Sudan comprehensive reviews on intensity wind erosion (IWE) were presented by several
research workers in different states [8,17,18,19,20,21,22,23,24,25,26 and27].

Textural Analysis of Windblown Sand (TAWS) deposit is essential for understanding the
characteristics of wind sediment, behaviors of grain movement in any fluids and determine the
areas that have highly susceptible to wind erosion[28]. In spite the importance of TAWBS till now
there is no any research conducted in this area resulting on absence of literature reviews, so this
paper can be considered as pioneer and guide work in the topic under concern. Actually the
importance of this paper refers to the lacking of research pertaining to TAWS. The present study
was undertaken to achieve the following objectives:

1. To generate comprehensive quantitative data on studies of TAWS in the study area.

2. To determine the percentage distribution of the grain size and estimate the textural

parameters, i.e. Median diameter (M50), mean grain size (Mz), graphic standard deviation

(o1) inclusive graphic skewness (Ski) and transgraphic kutosis (KG) in the study area.

3. To investigate and compare the wind erosion susceptibility of the three selected sides in the

study area depends on the results of inclusive graphic standard deviation (cy).

4. To calculate the dimensional empirical coefficient (c) values that used in the equation

derived by [29] includes sand transported by saltation only in the study area.

2. Materials and Methods
2.1. Study area

The study was conducted in the River Nile State, which is severely affected by
desertification processes. The state has an area of 121 km?that lies between latitudes 17° and 19° N
and longitudes 32° and 34° E. There are two main soil orders along the banks of the River Nile.
Entisols occur on the first terrace and Aridisols (salt — affected soils) on the second and third
terraces of the Nile. Entisols form a narrow strip of recent alluvial fertile soils that are not salt —
affected. However, they are adversely affected by gully erosion at the river side and desert

encroachment from the other side. The State is dominated by arid and hyper — arid climatic
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conditions with mainly two seasons, a hot summer from April to September and cold winter from
October to March. Mean annual rainfall is less than 100 mm. Diurnal range of temperature is large
all the year round and temperatures as high as 49°C are not uncommon in the period extending from
April to June. In winter temperature as low as 1.5°C have been recorded. The vapor pressure is only
10.8 mb and the relative humidity is less than 20%. Clouds are generally rare. Short-wave solar
radiation is as high as 659 calorie cm™ in May. Winds prevail from the north with a mean
maximum speed of 17.6 km/hr. The River Nile and Atbara River are the main sources of irrigation
water in the State. However, research proved that there are abundant amounts of ground water
suitable for agricultural and domestic purposes. This is due to the fact that large areas of the State
lie within the Nubian sand stone aquiver [30].
The following locations were selected for undertaking the study:
1. South east Atbara about 50 km from Atbara town. Location UTM zone 36 Q
GPS (E 0636354 & N 1923591)
2. North Atbara about 36 Km from Atbara town on the western bank of River Nile. Location
UTM zone 36 Q GPS (E 0599293 & N 1992872)
3. South Atbara about 17 Km from Atbara town. Location UTM zone 36Q GPS (E 0603713
& N 1941843). In each location a samples were taken to laboratory for analysis of
windblown sand (Fig.1).

Fig.1. Locations of the study sites
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2.2.1. Textural analysis of windblown sand

Three soil samples were collected from each studied location (3 kg) and taken to the laboratory

(Building and Road Research Institute, University of Khartoum). Sample tested by gradual sieve

ranged between 5.60 — 0.063 mm (table 1). The results of sieves analysis test illustrated in grain

size distribution curves includes particles size distribution from clay to cubbies.

Table 1. Sieve analysis test in three locations of study areas

North Atbara South east Atbara South Atbara

Sieve  size | Retained by | Sieve size | Retained by | Sieve  size | Retained by
(mm) weight (g) (mm) weight (g) (mm) weight (g)
5.60 0.00 5.60 0.00 5.60 3.0
4.76 0.00 4.76 0.00 4.76 3.3
2.80 0.00 2.80 0.00 2.80 4.2
2.00 0.00 2.00 0.00 2.00 4.9
1.40 0.00 1.40 0.00 1.40 6.6
1.00 0.1 1.00 0.1 1.00 11.3
0.710 0.2 0.710 1.1 0.710 20.1
0.500 2.4 0.500 20.6 0.500 32.7
0.425 4.7 0.425 33.2 0.425 37.7
0.250 48.9 0.250 94.0 0.250 76.5
0.212 63.3 0.212 107.2 0.212 87.1
0.180 99.1 0.180 132.9 0.180 106.8
0.150 116.4 0.150 146.3 0.150 117.6
0.125 138.5 0.125 158.8 0.125 127.6
0.090 161.5 0.090 174.5 0.090 143.5
0.075 164.9 0.075 175.8 0.075 146.0
Pan (0.063) | 169.6 Pan (0.063) 178.5 Pan (0.063) 149.3
Sample 169.8 Sample 178.7 Sample 149.5
weight after weight  after weight after
washing (g) washing (g) washing (g)

Each data point is a mean of three data points

2.2.2. Sand transport equation

The equation [29] incorporate a cubic relationship between sediment transport (gs) and the

prevailing friction velocity (U*) includes sand transported by saltation only.
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gs = ¢ (d/D)"* (v/g) U*

Where:
gs = rate of sand transport in saltation (g/m/s)
U* = friction velocity or shear velocity or drag velocity

d = mean grain diameter of sand (mm)

D =standard grain diameter (0.25mm)

P =mass density of the air (1.2x 10 * g/cm®)

g = gravitational acceleration (981cm/sec.?)

C =adimensional empirical coefficient

The coefficient ¢ depends, among other things, on the degree of sorting of sediment and varies

1)

between 0.8 and 3.5. The following numerical values may be used in practical calculation of g

C =1.5for very well sorted sand (highly susceptible to wind erosion)

= 1.8 well sorted sand such as typical dune sand (moderate susceptible to wind erosion)

= 2.8 badly sorted sand (very low susceptible to wind erosion)
= 3.5 for surface of non —erodible element such as pebbles bare rocky surfaces (None erodible

elements) (table 2).

Table 2. Terminology to graphic statistical parameters values (modified after [31])

Inclusive  graphic  standard | Inclusive graphic skewness | Inclusive graphic kurtosis or

deviation or phi sorting (o1) orphi sorting (Ski) phi sorting (KG

Very well | <0.35 Very +0.3t0+1.0 | Very <0.67

sorted positively platykurtic
skewed

Well sorted 0.35-0.50 positively +0.1t0 +0.3 platykurtic 0.67-0.90
skewed

Moderately 0.50-0.70 Symmetrical +0.1t0-1.0 Mesokurtic 0.90-1.11

well sorted

Moderately 0.70-1.00 Negatively -0.1t0-0.3 Leptokurtic 1.11-1.50

sorted skewed

Poorly sorted | 1.00-2.00 Very negative | -0.3t0-1.0 Very 1.50 -3.00
skewed Leptokurtic

Very Poorly | 2.00-4.00

sorted
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2.3. Methods
2.3.1. Statistical parameters of granulometric analysis
Comparison between natural grain size distribution and the log-normal distribution can be made
using a number of statistical parameters computed from the cumulative percentage frequency curve.
The parameters proposed by [31] have been widely used. The textural parameters, i.e. Median
diameter (M50), mean grain size (Mz), graphic standard deviation (o) inclusive graphic skewness
(Ski) and transgraphic kutosis (KG) will be used in this paper:
1- Median diameter (M50) = 50 percentile (mm)
2- The graphic mean (Mz) is given by: Mz = (® 16+ @ 50+ @ 84) + 3 mm (2)
Where @ 16, @ 50 and ® 84 are phi size values corresponding to sixteenth, fiftieth and
eighty-four percentiles, respectively red from frequency curve (Fig. 2)
3- Inclusive graphic standard deviation (o1). A measure of the spread about the mean, or
sorting is given by inclusive graphic standard deviation (o), defined as:
61-(D 84, D 16)/4+ (P 95.D5)/ 6.6 mm (3)
4- Inclusive graphic skewness (Ski). The asymmetry of skewness of the distribution is
indicated by the inclusive graphic skewness, (Ski)
Ski=® 16+ D 84-2D 50 /2(D84-D 16)+ D5+ D95-2 D 50/ 2(D 95-D 5)mm  (4)
Positive value of (Ski) indicate that the distribution has a more pronounced tail of fine material
compared with a long- normal distribution, conversely negative value of (Ski) indicate a tail of
courser particle or a deficiently of fine particles compared with a long- normal distribution (Fig.
3A).
5- Inclusive graphic kurtosis (KG):
(KG)=D95-D5/2.44 (D 75-D25) mm (5)
Frequency distributions which are flatter than a normal probability curve are referred to as
platykurtic and strongly peaked curves are described as leptokurtic. Curves which approximately a
Gaussian profile are referred to as mesokurtic (table 2& Fig. 3B).
The results of the particles size distribution and the statistical analysis of texture are derived

from monologarithmic graph paper. Fig.2. shows example of the three monologarithmic graph

paper.
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2.3.2. Measurement and calculation of data

The calculations were based on phi unit (@) grade scale followed by equivalent in millimeters (mm)
(wentworth grade scale) the progression as illustrated in the table 3. The cumulative mass
percentage was plotted against size on a monologarithmic graph paper. The size distribution of
samples and the median grain size (50%), the two quartiles 25 and 75 and the 5,16, 84 and 95
percentile were obtained from cumulative curves for each sample was presented in Fig. 2. The
formulas applied for calculations of grain size statistical and textural parameters are listed above.

Table 3. Calculations of phi unit (®) grade scale and equivalent in millimeters (mm) in the

study area

North Atbara South east Atbara South Atbara

D 5% 0.0 mm D 5% 0.0 mm | ® 5% 0.0 mm
D 16% 0.06 mm D 16% 0.1 mm | @ 16% 0.0 mm
D 25% 0.12 mm D 25% 015 mm | ®25% 0.06 mm
D 50% 0.18 mm D 50% 023 mm | ®50% 0.18 mm
D 75% 0.25 mm D 75% 037 mm | ®75% 0.35 mm
D 84% 0.3 mm @ 84% 042 mm | ®84% 0.5 mm
D 95% 04 mm D 95% 059 mm | ®95% 1.00 mm
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Fig.2. Grain size distribution curve in the three studied area

3. Results and Discussion

3.1. Results

3.1.1. Grain size distribution and textural parameters of windblown sand in the study area
3.1.2. Median diameter (M50)

Median diameter (M50) refers to the 50 percentile (mm). The data obtained for the median
diameter for the three sites ranged from 0.18 to 0.23 mm with a mean of 0.21, a standard deviation
(STD) of 0.03 mm and a coefficient of variation (CV) of 14.7%. The mean diameter samples gave
0.18, 0.23, and 0.18 for north Atbara, south east Atbara and south Atbara respectively (Fig.2).
Furthermore the mean diameter sample (M50) of south east Atbara was 1.3 fold that of north and
south Atbara.

3.1. 3. The graphic mean (Mz)
The data obtained for the graphic mean for the three sites ranged from 0.18 to 0.25 mm with a mean
of 0.22, a standard deviation (STD) of 0.04 mm and a coefficient of variation (CV) of 16.4%. The

mean diameter samples gave 0.18, 0.25, and 0.23 for north Atbara, south east Atbara and south
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Atbara respectively. The M50 and Mz results exhibited a colossal similarity with very meager
differences between coefficients of variations accounted about 1.12%.

3.1. 4. Inclusive graphic standard deviation (1)

Standard deviation (o1) is a measure of the spread about the mean, or sorting, the results in the
study area revealed that the values of (61) ranged from 0.15 to 0.28 mm with a mean of 0.22, a
standard deviation (STD) of 0.07mm and a coefficient of variation (CV) of 30%. The (61) of
samples gave 0.15, 0.22, and 0.28 for north Atbara, south east Atbara and south Atbara
respectively. In spite of the high variability of inclusive graphic standard deviation between three
sites (30%) but the data can be characterized as very well sorted (< 35) (table 2). These results a
proved that the study areas are highly susceptible to wind erosion. The susceptibility decreased in
the following order: north Atbara > south east Atbara> south Atbara, this finding reported by [17].
3.1.5. Inclusive graphic skewness (Ski)

Inclusive graphic skewness (Ski) means the asymmetry of the distribution values of inclusive
graphic skewness for samples under investigations ranges from 0.05 to 0.5 mm with a mean of 0.25
mm a standard deviation (STD) of 0.23 mm and a coefficient of variation (CV) of 92%. Regarding
to the (Ski) result the three sites can be described as positively skewed (north and south east Atbara)
and very positively skewed (south Atbara) (Table 2& Fig.3A). The Ski of samples gave 0.05, 0.20
and 0.5 for north Atbara, south east Atbara and south Atbara respectively. The coefficient of
variation (CV) between samples gave high value that can be explained as high variability in the

study area for this parameter.
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Fig.3. Diagram illustrating the nature of (A) skewness (asymmetry) and (B) kurtosis

(peakedness) in grain size distributions

3.1.6. Inclusive graphic kurtosis (KG)

Graphic kurtosis ranges from 1.1 to 1.4 mm with a mean of 1.3 mm a standard deviation (STD) of
0.15 mm and a coefficient of variation (CV) of 12%. Inclusive graphic kurtosis (KG) data can be
readied for the sites as follows leptokutic (north and south Atbara) and mesokurtic (south east
Atbara)(Table 2& Fig.3B). South east Atbara shows mesokurtic distribution meaning that the sand
samples are closely reassembly a normal frequency distribution. Five statistical parameters were
depicted in table 4.

3.1.7. Grain size distribution in the study area

Table .4.Show the grain size distribution in the study area, the dominant mean grain sizes for sand
samples for north Atbara were fine sand 34% and medium sand 50%. Whereas the samples of south
east Atbara distributed fine sand 34%, medium sand 45% and courses and 5%. South Atbara gave

25%, 38% and 12% for fine, medium and courses sand respectively.
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Table 4. Grain size statistical and textural parameters of windblown sand deposit in the study

area.
Location | Statistical parameters *1 Grain size *2 Fs+
Ms
(o1) | (Ski) | (KG) | (M50) | (Mz) | z Fs Ms | Cs Fg
mm |mm |mm | mm mm
North 0.15 |0.05 |13 018 018 |0% |34% |50% 0 |84
Atbara

Southeast |0.22 |0.20 |1.1 0.23 025 | 0% |34% |45% |5% 0 79
Atbara

South 0.28 |05 1.4 0.18 023 |0% |25% |38% |12% |0 63
Atbara

Min. 0.15 [0.05 |11 0.18 0.18

Max. 0.28 |05 1.4 0.23 0.25

Mean 022 |025 |13 0.21 0.22

STD 0.07 |0.23 [0.15 |0.03 0.04

CV% 30 92 12 14.7 16.4

*1

- M50, median diameter egual 50 percentile (mm)

- Mz,  the graphic mean

- 01, inclusive graphic standard deviation
- ski, inclusive graphic skewness

- Ka, inclusive graphic kurtosis

*2

- Silt, (2) fine silt (0.002-0.006mm), medium silt (0.006-0.02mm), and course silt (0.02-0.06mm)
- Sand (Fs) fine sand (0.06-0.2mm), (Ms) medium sand (0.2-0.6mm), and (Cs) course sand (0.6-
2mm)
- Gravel, (Fg) fine gravel (2-6mm), (Mg) medium gravel (6-10mm), (Cg), and course gravel (0.10-
100 mm).
3.2. Discussion

Depend on dominant mean grain sizes and inclusive graphic standard deviation (o1) in the
three study areas north Atbara, south east Atbara and south Atbara sand samples distributed as
follows 84% (fine &medium sand); 79% (fine &medium sand) and 63% (fine &medium sand) and

0.15, 0.22, and 0.28 mm (very well sorted (< 35)) respectively. These results a proved that the study
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areas are highly susceptible to wind erosion. The susceptibility decreased in the following order:
north Atbara > south east Atbara> south Atbara, this finding is typical to that reported to describe
the Intensity of Wind Erosion (IWE) by [17]. So serious measures should be carried out to reduce
the IWE in the state

Grain size analysis showed that values of median (M50) and mean diameter (Mz) were very
similar for each sample. Sand collected from north and south of Atbara showed values of (Mz) less
than that of south east Atbara with few variation. Mz being 0.18., 0.23 and 0.25 for north, south and
south east Atbara respectively

Regarding to the inclusive graphic skewness (Ski) result the three sites can be described as
positively skewed (north and south east Atbara) and very positively skewed (south Atbara). In
general, the Ski result of study area fall in the positive skewed that meaning the distribution has a
more pronounced that of fine material (drifting sand material) compared with a long normal
distribution. The coefficient of variation (CV) between samples gave high value in high variability
in the study area for this parameter.

Inclusive graphic kurtosis (KG) data can be readied for the sites as follows leptokutic (north and
south Atbara) and mesokurtic (south east Atbara)(Table 2& Fig.3B), south east Atbara shows
mesokurtic distribution meaning that the sand samples are closely reassembly a normal frequency
distribution.

4. Conclusion and Recommendations
4.1. Conclusion

Eventually, Textural Analysis of Windblown Sand (TAWS) deposit is essential for
understanding the characteristics of wind sediment, behaviors of grain movement in any fluids and
determine the areas that have highly susceptible to wind erosion [28]. In spite the importance of
TAWS; in Sudan till now there is no any research conducted in this area resulting on absence of
literature reviews, so this paper can be considered as pioneer and guide work in the topic under
concern. Furthermore the results generated from inclusive graphic standard deviation (c;) and
inclusive graphic skewness (Ski) indicated that the study area are highly susceptible to erosion by
wind.

Due to high values of fine and medium sand (drifting sand) accounts 84% and the selected site
in north Atbara lies in bare land at the western bank of the River Nile and open in all directions with
no barriers or shelterbelts. Therefore, windbreaks should be established to reduce northerly and

southerly winds. The susceptibility decreased in the following order: north Atbara > south east
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Atbara> south Atbara, this finding is typical to that reported to describe the Intensity of Wind

Erosion (IWE) by [17]., So serious measures should be carried out to reduce the IWE in the state.

4.2. Recommendations

There is impressing and urgent need to conduct the TAWS research in large scale to cover the
whole country. Moreover the climatic conditions in the River Nile are highly conducive to wind
erosion resulting in high amounts of drifting sand (fine &medium sand) in the three selected sites.
Accordingly serious measures should be carried out to reduce and reverse the suitable conditions of
wind erosion in the state.
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