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The atmospheric stability and depth of the mixing layer are essential parameters in modelling the dispersion of 
pollutants and sandstorms in arid regions. In this study, a MATLAB model was used to determine the hourly at-
mospheric stability conditions and the depth of the mixing layer in the year 2019, especially during sandstorms 
events. The statistical analysis of hourly sandstorms was investigated over four decades (from 1980 to 2019) 
and its relationships with the weather conditions, especially wind speed and direction were figured in the study 
area. The average mixing layer during daytime hours in the summer season was 1800 ± 400 m, while during 
night hours, the average mixing height was 500 ± 200 m. The study concluded that the major wind direction 
during sandstorms was blowing to the south direction ± 22.5 degrees. It was noted that relative humidity in-
creased while the average temperature decreased over the last decade during the sandstorm events due to the 
wide cultivation in this period. The cultivation of tall trees on the northwest side of the study area will decrease 
the severity of sandstorms in future. This study could be applied to arid regions that suffer sandstorms such as 
Arabian Peninsula.
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Introduction
One of the most important meteorological input pa-
rameters into air pollution models is the atmospher-
ic boundary layer or mixing height (Brokamp et al., 
2019). The boundary layer is the layer where interac-
tions occur between the Earth’s surface and the wide 
scale of atmospheric flow (Wang et al., 2019). Pollut-
ants are mixed in different manners throughout this 
layer by turbulence (Levi et al., 2020). Turbulent mix-
ing can be either convective due to solar energy and/
or mechanical via wind movement. Convection occurs 
during the daytime, when surface air is heated via the 
solar energy that transfers from Earth’s surface air 
parcel (Schumann, 1988). Mechanical turbulence re-
sults from the shearing forces formed when the wind 
blows over Earth’s surface (Tanamachi et al., 2019). 
As the wind speed increases, mechanical turbulence 
increases and is larger over rough surface than over 
smooth surface (Honnert et al., 2020). 

Sandstorms are weather conditions that usually oc-
curr in arid and semiarid regions where low precip-
itation and high temperature are the main features 
(Albugami et al., 2019). These conditions happen be-
cause of intense winds which activate fine sand from 
bare areas and carry it for large distances over the 
surrounding areas (Butt & Mashat, 2018). The fine 
particles of sandstorms are inhaled by individuals, 
enter the respiratory device and cause health prob-
lems in the lungs such as asthma. The diseases of 
the respiratory system induced by air pollutants are 
influenced by the type of minerals, grain size, and du-
ration of exposure to these particles (Samarkandi et 
al., 2017). 

Several studies investigated the sandstorms in and 
around this study area. Alharbi and Gomaa (2014) 
collected dust samples that deposited during sand-
storms from 18 different sites in Qassim region dur-
ing 2012 and 2013. They analysed the size distribution 
and the physio-chemical properties of dust fall. The 
results showed that the composition of the collected 
dust samples was mainly loamy sand and clay (44.5% 
sand, 27.4% silt and 28.19% clay). Also, the collect-
ed samples contained considerable concentration of 
trace elements such as Pb, Zn, and Mn. Modaihsh et 

al. (2017) collected dust samples using a marble dust 
collector from 15 sites within Riyadh city during the 
year 2012. The samples were analysed to detect the 
composition of dust that falls from the dust storms. 
Also, they estimated the average monthly amount of 
dust fall from the dust storms which was 14.5 tons per 
km2 in Riyadh airport. Beegum et al. (2018) studied 
seven sandstorm events from the year 2014 to 2017 
over the Arabian Peninsula. They investigated the im-
pacts of the dust storms on the horizontal visibility 
and air quality. The horizontal visibility during the dust 
storms decreased to near-zero coincident with worst 
air quality. Albaqami (2020) analysed meteorological 
data measured from 27 stations in Saudi Arabia and 
investigated the spatial and temporal distribution of 
dust storms from the year 2000 to 2016. The study 
proved a significant positive relationship (p < 0.005) 
between dust storms and high wind speed. According 
to her statistical analysis, the events of dust storms 
were decreasing in recent years over the northern ar-
eas such as Qassim region.  Soltan et al. (2020) col-
lected dust samples during sandstorms at Ar Rass 
city, Qassim, Saudi Arabia. They analysed the chemi-
cal composition of the collected samples such as Cd, 
Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn. The impacts of dust 
fall on human health, cultivated lands, plant growth, 
and groundwater were investigated. The major com-
ponents found on the collected samples were alumi-
nosilicate, SiO2 and CaCO3, and considerable values of 
cadmium and nickel. They did not study the wind di-
rection and wind velocity over a long-time scale dur-
ing sandstorms. Also, no previous studies addressed 
the atmospheric stability and the height of the mixing 
layer during the hours of sandstorms. 

The objectives of this work were to (1) estimate the 
Pasquill–Gifford hourly atmospheric stability catego-
ries, the height of the mixing layer and atmospheric 
factors such as convective velocity and friction veloc-
ity, (2) investigate the sandstorms’ behaviour based 
on the estimated atmospheric stability conditions and 
mixing height, (3) analyse the wind speed and wind 
direction during sandstorms along four decades, and 
(4) suggest control methods to decrease the severity 
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of sandstorms based on the results of the model and 
statistical analysis of dust storms over four decades.

Materials and Methods

Study area and used data

The study was applied in Qassim region, Saudi Ara-
bia (KSA). The study area is one of the thirteen prov-
inces of KSA that is located at (26.0o–26.2o) N and 
(43.98o–44.2o) E with an average elevation of 670 m 
relative to sea level. The dunes and the desert around 
the study area are characterized by very low amounts 
of precipitation and sparse natural vegetation cover 
that periodically creates sandstorms during windy 
hours (Abolkhair, 1986). A MATLAB code that was 
developed by Rabeiy (2010) was modified to suit the 
sandstorm events. The modified code determines the 
hourly atmospheric stability categories, the height 
of the mixing layer, the friction velocity, and the con-
vective velocity based on the surface meteorological 
data. The weather data used are surface temperature, 
barometric pressure, incoming solar radiation, per-
centage of cloud cover, wind speed, and wind direc-
tion. The weather data includes hourly recorded val-
ues over the year 2019 with total rows of 8760, each 
row containing 15 columns. Two columns of the data 
record the hourly sandstorm events. Additional to the 
surface weather data, the study used hourly events 
of sandstorms over four decades (from 1980 to 2019) 
to investigate the wind direction wind speed during 
dust storm events. Wind rose and histogram were 
produced using WRPLOT View, Version 8.0.2 freeware 
available in Lakes Environment. Tables and other fig-
ures were generated using Microsoft Office.

Theory of the model 

The amount of turbulence is categorized into stabil-
ity classes. The most widely used categories are the 
Pasquill-Gifford stability classes A, B, C, D, E, and F 
(Morbidelli et al., 2011; Zaïdi et al., 2014). Atmospher-
ic stability classes A, B, and C occur during daytime 
hours. Class A is the very unstable conditions, while 
stability class B is moderately unstable conditions and 
class C is slightly unstable conditions. Class D of at-
mospheric stability refers to the condition of a neutral 

atmosphere (Zaïdi et al., 2014). Neutral atmospher-
ic conditions may coincide either during the daytime 
hours or during night hours. Stability classes E and 
F occur only in night hours when low energy reaches 
the Earth’s surface. Class E is a stable condition while 
class F refers to the most stable condition (Schutt et 
al., 2015). 

The depth of the mixing layer at any study area can be 
found using experimental methods or mathematical 
methods. It is estimated experimentally by measuring 
wind speed and temperature at different altitudes. The 
techniques of these experiments use radiosonde, so-
dar, clear-air radar, and LIDAR (Tangborn et al., 2020). 
The experimental methods are not accessible at the 
study area location. The other probability is the use of 
mathematical models based on the measured surface 
weather elements. Many studies (Benkley & Schul-
man, 1979) used mathematical models to determine 
the mixing layer height. The model used to calculate 
the height of the mixing layer in the cases of unstable 
conditions (A, B and C stability classes) is proposed as 
in equation (1). 

𝐻𝐻𝐻𝐻𝑚𝑚𝑚𝑚 = −0.4𝐿𝐿𝐿𝐿 𝐿𝜔𝜔𝜔𝜔∗
𝑈𝑈𝑈𝑈∗
�
3

𝐻𝐻𝐻𝐻𝑚𝑚𝑚𝑚 = 0.185 𝑈𝑈𝑈𝑈∗
𝑓𝑓𝑓𝑓

 

(1)

The mixing height depends on the mechanical and 
convective turbulence values during the daytime. 
During the night, mechanical turbulence predomi-
nates. Neutral conditions occur during the day or the 
night when the sky is covered by heavy clouds; there-
fore, convective turbulence is neglected, and mechan-
ical effect is only considered. Equation (2) (Benkley 
& Schulman, 1979) is recommended to estimate the 
depth of the mixing layer in case of neutral conditions, 
which is also given by Baklanov (2004).

𝐻𝐻𝐻𝐻𝑚𝑚𝑚𝑚 = −0.4𝐿𝐿𝐿𝐿 𝐿𝜔𝜔𝜔𝜔∗
𝑈𝑈𝑈𝑈∗
�
3

𝐻𝐻𝐻𝐻𝑚𝑚𝑚𝑚 = 0.185 𝑈𝑈𝑈𝑈∗
𝑓𝑓𝑓𝑓

 (2)

Stable conditions E and F are night-time conditions, 
which means that convective force does not exist. The 
cap of the mixing height for stable conditions is ex-
plained as the height at which turbulence fades, and 
above it the effects of sensible heat and shear stress 
can be neglected (Yu, 1978). Arya (1981) proposed the 
equation (3) to calculate the nocturnal height of the 
mixing layer.
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Where 𝐻𝐻𝐻𝐻𝑚𝑚𝑚𝑚 is the mixing height, L is the Monin-Obukhov length, 𝑈𝑈𝑈𝑈∗ is the friction velocity, 𝑓𝑓𝑓𝑓 is the Coriolis 
factor, and 𝜔𝜔𝜔𝜔∗ is the convective velocity. Factor f is called Coriolis factor which is estimated as given in equation 
(4), where ω is the rate of Earth’s rotation and the angle ϕ is the latitude of the study area (Hutter et al., 2011). 

𝑓𝑓𝑓𝑓 = 2𝜔𝜔𝜔𝜔 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜙𝜙𝜙𝜙 
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Results and Discussion

Analysis of the measured weather data

The wind speed and its directions were analysed using 
the plot of wind rose with a histogram, as indicated in 
Figs. 1(a) and 1(b) in the year 2019. The average wind 
speed in the study area was found to be 3.6 m/s, with 
a maximum of 16.5 m/s. The wind speed is 48.4% 
less than 3 m/s during the night-time hours. An in-
creasing wind speed during the night-time hours en-
hances the mechanical turbulence in the atmosphere, 
which increases the mixing depth. Wind direction is 
important to be analysed to decide the directions of 
pollutants in the atmosphere and blowing dust dur-
ing sandstorms. As indicated in the Fig. 1(a), the wind 
direction is mainly from the north and the northeast, 
with significant values from the north. The diurnal 
variation in wind speed is illustrated in Fig. 2(a), which 
illustrates that the wind speed is greater during night-
time hours in spring season.

The study area is in the middle of KSA in an arid area 
with high temperatures in the summer and low tem-
peratures in the winter, especially at night. The tem-
perature in the summer reaches 46°C with an average 
value of 36°C. In winter season, the minimum record-
ed temperature is 3.5°C with an average value of 16°C. 
Diurnal recorded temperature during the four seasons 
is presented in Fig. 2(b). The maximum recorded solar 
radiation during the summer daytime hours exceeded 
1250 W/m2, while the maximum in winter was 1078 
W/m2. The diurnal recorded incoming solar energy 
on the surface in W/m2 is presented in Fig. 2(c). The 
increasing incoming solar radiation in the summer 

satisfies the requirement of the unstable atmospheric 
conditions (A, B and C classes). Unstable conditions 
increase the dispersion and dilution of contaminants 
in the low layer of the ground. The climate in the study 
area features low humidity most of the year, with an 
average of 65% in winter and 21% in summer, with a 
maximum value of 43% in summer.

Fig. 1(a). Wind rose diagram presents the directions and percentage 
of prevailing wind during the year of 2019 in the study site

Fig. 1(b). Wind speed histogram with classes meeting Pasquill sta-
bility categories
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Fig. 2(a). Diurnal variation in wind speed

Fig. 2(b). Diurnal variation in temperature

Fig. 2(c). Diurnal variation in incoming solar radiation

Results and Discussion of the Developed Model

The developed model utilizes surface weather data to 
estimate atmospheric stability according to the classi-
fication of Pasquill-Gifford as given in Table 1 (Gifford 
Jr, 1961). Stability near the ground depends on the 
net radiation as an indication of convective turbulence 
and on wind speed, which refers to mechanical turbu-
lence. Incoming solar radiation (insolation) depends 
on the angle of solar elevation (ho) and the amount of 
cloud cover (Latini et al., 2000). The class of incom-
ing solar radiation is considered strong, moderate, or 
slight if the solar elevation angle is greater than 60°, 
between 35° and 60°, or less than 35°, respectively, 
as described in Table 2 (Barratt, 2002). The model 

utilized the recorded incoming solar radiation instead 
of solar elevation angle and cloud cover to determine 
the strength of insolation. The suggested values of in-
coming solar radiation to match the amount of insola-
tion strength are as follows: larger than 1000 (W/m2) 
assigned for strong insolation; the values from 1000 
to 700 (W/m2) assigned for moderate insolation; the 
values from 700 to 400 (W/m2) assigned for slight in-
solation; and less than 400 (W/m2) assigned for weak 
insolation, as shown in Table 2.

Based on the suggested values of the measured in-
coming solar radiation and the range of wind speed, 
the modified MATLAB code determines the hourly 
atmospheric stability conditions in the study area in 
year 2019 as illustrated in Table 3. The results of the 
atmospheric stability categories are classified into 
summer, winter, and the complete year, as presented 
in Table 4.

Surface wind
speed

Daytime incoming solar radiation 
(Insolation)

Night-time 
cloud cover

m/s Strong Moderate Slight > 50% < 50%

< 2 A A–B B E F

2–3 A–B B C E F

3–5 B B–C C D E

5–6 C C–D D D D

> 6 C D D D D

Note: Class D applies to heavily overcast skies, at any wind 
speed, day or night

Insolation
strength

Solar elevation 
angle (Latini et 

al., 2000)

Suggested 
incoming 

solar range, 
(W/m2)

Percentage of 
recorded data 

according to solar 
elevation angle 

Strong 60o < ϕ > 1000
17.31% larger 
than 1000 (W/m2)

Moderate 35o < ϕ ≤ 60o 1000–700 27.60% moderate

Slight 15o < ϕ ≤ 35o 700–400
24.11% slight 
insolation

Weak ϕ ≤ 15o < 400
8.98% weak 
insolation

Table 1. Meteorological conditions define the Pasquill-Gifford stability 
categories (Gifford Jr, 1961)

Table 2. Range values of incoming solar radiation match the degree 
of insolation strength
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In summer, atmospheric stability was found to vary 
between the very unstable and stable classes. How-
ever, in winter, the atmosphere is more stable for 
longer periods. During winter daytime hours, the 
neutral condition was dominant with a frequency of 
43%, while the atmosphere had a value of only 4.6% 
for very unstable conditions (category A). On summer 
days, the frequency of the unstable conditions of the 
atmosphere increased to 78%. Table 4 also illustrates 
that in summer nights the atmosphere is generally 
stable with a percentage of 86%, while it is 76% in 
winter due to cloud cover, which increases the chance 
of neutral conditions. As expected, neutral atmos-
pheric stability is dominant for the overall results with 
a frequency of 27%.

The hourly height of the mixing layer, the convective 
velocity, and the friction velocity are estimated by the 
developed MATLAB code according to the determined 

Table 3. Classes of atmospheric stabilities according to ranges of 
wind speed and measured solar radiation fed to the model

Table 4. Results of hourly atmospheric stability categories, %

Wind 
speed,
(m/s)

Daytime
Measured solar radiation (W/m2)

Nighttime
cloud cover

> 1000 1000–700 700–400 < 400 ≥ 50% < 50%

< 2 A A B D E F

2–3 A B B D E F

3–5 B B C D D E

5–6 C C D D D D

> 6 C D D D D D

Stability
Category

Whole Year Summer Season Winter Season

Days Nights All
Year Day Night All

Summer Day Night All
Winter

A 11.2 – 5.4 13.8 – 8.6 4.6 – 2.0

B 35.6 – 17.2 29.1 – 18.2 35.3 – 10.2

C 19.9 – 9.6 35.3 – 13.0 17.3 – 28.6

D 33.4 21.0 27.0 21.8 13.5 20.0 42.9 21.7 14.9

E – 35.7 18.4 – 36.5 16.9 – 36.0 20.4

F – 43.3 22.4 – 50.0 23.3 – 42.3 23.9

atmospheric categories and other recorded weather 
data. During the daytime, the mixing height is made 
by both convective turbulence from high surface heat-
ing and mechanical turbulence via wind movement. 
During the night, the height of the mixing layer is con-
trolled only by mechanical turbulence from wind. The 
diurnal variation in the modelled height of the mix-
ing layer and metrological variables are presented in 
Figs. 3, 4 and 5.

From Figs. 2 and 3, it is concluded that the estimated 
values of mixing height are matching the values of 
wind speed during the night hours; as the wind speed 
increases the depth of the mixing layer increases. The 
diurnal wind speed in the spring night hours is high-
er than that of the other seasons (Fig. 2). It is also 
noticed that the estimated mixing height and friction 
velocity in spring night hours are higher than those 
of the other seasons (Figs. 3 and 4). In addition, the 
relationship between the recorded incoming solar 
radiation values is obvious with the modelled mixing 
height and convective velocity during daytime hours. 
The average mixing height in summer was 2600 m, 
whereas in winter, the mean value was 1700 m.

The friction velocity depends mainly on the wind 
speed, while the convective velocity is more related 
to the surface heat flux calculated from the measured 
solar radiation. From Fig. 2, we note that the friction 
velocity in spring is greater than that in the other 
seasons during the night-time, while the convective 
velocity in summer is greater than that of the other 
seasons during the daytime.
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Fig. 3. Diurnal variation in the mixing height

To investigate the changes in the height of the mixing 
layer according to atmospheric stability conditions, 
the ranges of the mixing height were developed based 
on each category of atmospheric stability from A to 
F stability conditions, as given in Table 5. The height 
of the mixing layer was organized in bands of 200-
m intervals against the percentage distributions for 
each band with the corresponding category of atmos-
pheric stability. The greatest major feature of the dis-
tributions is the increase in percentage of higher and 
lower mixing height values with the alteration based 
on atmospheric conditions from unstable to stable 

Fig. 4. Diurnal variation in the friction velocity

Fig. 5. Diurnal variation in the convective velocity

categories. Based on Table 5, 80% of the mixing height 
in summer was greater than 2100 m in very unstable 
atmospheric conditions, while for stability category B, 
33% of the modelled values of the mixing height were 
greater than 2100 m, and only 12% of the values were 
greater than 2100 m. For stable conditions, 86% of the 
estimated height of the mixing layer was less than 
500 m for stability category E and 88% for stability 
category F. For category D (neutral conditions), a con-
siderable percentage of the mixing height occurred in 
the range from 1300 m to 1500 m in winter season 
and summer season, respectively.

The estimated values of the hourly mixing height 
were also analysed based on incoming solar radiation 
for the hours of daytime, as indicated in Fig. 6. From 
this figure, we noted that the depth of the modelled 
mixing layer decreases with decreasing strength of 
insolation. For solar radiation > 750 (W/m2), 65% of 
the mixing height is greater than 2000 m. When in-
coming solar radiation is less than 250 (W/m2), only 
11% of the calculated mixing heights are greater than 
2000 m. Additionally, 20%, 11%, and 7% of the esti-
mated values of mixing heights are larger than 2000 
m for classes > 750 (W/m2), (750–250) (W/m2), and 
< 250 (W/m2), respectively.

The modelled height of the mixing layer was investi-
gated according to the ranges of wind speed during 
night-time hours, as indicated in Fig. 7. From this fig-
ure, we can conclude that the mixing height decreases 
with decreasing wind speed. When wind speed is > 5 
m/s, all the modelled values of the mixing height are 
greater than 1700 m. While for calm wind speed (< 2 
m/s), the calculated heights of the mixing layer are 

Fig. 6. Ranges of the mixing layer according to the ranges of incoming 
solar radiation: (> 750), (750–250), and (> 250) W/m²
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Atmospheric 
Stability A B C D E F

*MH Range Freq. Perc.% Freq. perc.% Freq. perc.% Freq. perc.% Freq. perc.% Freq. perc.%

0–500 0 0 1 0 0 0 50 2 1390 86 1724 88

500–700 0 0 19 1 0 0 9 0 15 1 73 4

700–900 0 0 30 2 10 1 17 1 5 0 73 4

900–1100 0 0 60 4 96 11 98 4 71 4 89 5

1100–1300 0 0 32 2 88 10 195 8 46 3 0 0

1300–1500 0 0 17 1 123 15 468 20 52 3 0 0

1500–1700 8 2 154 10 96 11 321 14 29 2 0 0

1700–1900 34 7 244 16 112 13 335 14 1 0 0 0

1900–2100 55 12 446 30 209 25 294 12 0 0 0 0

2100–2300 91 19 292 19 86 10 247 10 0 0 0 0

2300–2500 112 24 198 13 6 1 110 9 0 0 0 0

2500–2700 92 19 8 1 9 1 72 3 0 0 0 0

2700–2900 79 17 1 0 3 0 43 2 0 0 0 0

> 2900 4 1 2 0 4 0 105 0 0 0 0 0

No of data 475  1504  842  2368  1609  1959  

*MH = Mixing Height, Freq. = frequency, Perc. = Percent

Table 5. Frequency of the depth of the mixing layer in each category of atmospheric stability

Fig. 7. Mixing height bands arranged according to wind speed: (> 5), 
(5–2), and (> 2) m/s
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less than 700 m. However, more than 90% of the val-
ues are less than 500 m for wind speeds ranging from 
5 m/s to 2 m/s.

Analysis of sandstorms in the study area

The hourly sandstorms are investigated based on the 
modelled atmospheric stability and height of the mix-
ing layer as given in Table 6. The recorded total hours 

of sandstorms estimated as 376 during the study 
year 2019. Neutral conditions were dominant with the 
frequency of occurrence 42% of the total sandstorm 
events. Very unstable conditions registered a very low 
frequency of occurrence during sandstorms (4.5%) 
with a relatively low average wind speed (1.8 m/s). 
During night hours, the height of the mixing layer 
was 14% less than 350 m and 16% less than 180 m, 
which increases the concentration of fine sand on the 
ground surface. The events of sandstorms along four 
decades were also statistically analysed. The average 
hourly events of sandstorms were 476 hours per year. 
The maximum events of sandstorms were recorded in 
the year 2009 with total sandstorm hours 1338, while 
the minimum events were 50 hours in year 1995. The 
trend of sandstorms is not existing according to year 
variation. More studies are required to investing the 
concentration and mineralogy of the deposited sand 
during the storms and it is related to the atmospheric 
stability conditions and mixing height.

Meteorological conditions i.e., temperature, wind 
speed, wind direction, and humidity were investigated 
during sandstorm hours along the period from 1980 
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to 2019 as presented in Fig. 8. The average estimat-
ed wind speed was 5.5 ± 0.75 m/s while the average 
temperature was 26.25 ± 2°C. The weather during 
sandstorms features moderate wind speed and tem-
peratures. From Fig. 8, we note that humidity has in-
creased, and the average temperature has relatively 
decreased in the last decade. This change is due to the 
increase of agricultural activity in the last ten years 
around the study area (Al-Wabel et al., 2020). 

Wind direction during sandstorms was also inves-
tigated over the last four decades using wind rose 
graphic as shown in Fig. (9). It was surprising that the 
direction of wind during sandstorms was restricted 
between narrow ranges where it was blowing be-
tween 135o to 235o from the north with the majori-
ty (75% of the values) to the south (±22.5 degree) as 
illustrated in the figure. Cultivation of dense and tall 
trees in the south of the study area will decrease the 
severity of sandstorms in the future.

Table 6. Average mixing height, temperature, and wind speed during sandstorm hours over year 2019 based on modelled atmospheric 
stability conditions

Stability Wind speed, m/s Temperature, oC Humidity, % Average
mixing height, m

No of sandstorm 
hours

Frequency of hourly 
handstorm, %

A 1.8 23.5 46.8 1877 17 4.5

B 3.1 21.8 44.4 1563 54 14.4

C 6.1 24.4 39.7 1777 36 9.6

D 7.0 22.3 50.9 1626 159 42.3

E 3.5 18.1 57.9 349 51 13.6

F 1.8 14.7 64.4 182 59 15.7

Fig. 8. Average values of temperature, humidity, and wind speed over 
four decades during sandstorm hours

Fig. 9. Wind rose diagram for wind speed and its direction during 
sandstorms
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Conclusion
The precise determination of atmospheric stability 
conditions is very important in the estimation of the 
transport and deposition of pollutants. A MATLAB 
code was applied to estimate the hourly classes of at-
mospheric stability and the height of the mixing layer 
in Qassim region, KSA, in 2019. The developed model 
used hourly surface weather data and incoming solar 
radiation to express the amount of insolation strength 
required to determine the atmospheric stability condi-
tions according to Pasquill-Gifford classes. Based on 
the suggested incoming solar radiation and the wind 
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speed range, the model determines the Pasquill-Gif-
ford atmospheric stability categories and heights of 
the mixing layer in the study area. The results show 
that the atmosphere is mostly unstable during day-
time hours with a frequency of 66.7% for all observed 
times. It was also observed that the frequency of neu-
tral conditions on winter days was greater than that 
on summer days. The occurrence of stable categories 
in summer and winter nights was nearly equal, with a 
frequency of 60%. The hourly heights of mixing layers 
were calculated using a modified MATLAB code based 
on the results of atmospheric stability conditions and 
the measured surface weather data. The results in-
dicated that nocturnal mixing height values ranged 
from 300 m to 700 m in all seasons. From these re-
sults, we can conclude that the study area features 
high mixing layers compared with other sites in the 
world. This result also indicates that extremely sta-
ble conditions occur during the night-time hours and 
that an inversion layer exists. The inversion layer ob-
structs the dispersion of contaminants that increases 

the concentrations of deposited contaminants at re-
ceptors. Mechanical turbulence by wind is dominant 
during night-time hours; this fact is obvious during 
spring season, where wind speed is greater than in 
other seasons, which is compatible with the estimat-
ed mixing height values.

The study area suffers from the blowing of sand-
storms. This fact is obvious from the statistical anal-
ysis of sandstorms events over 40 years. While in-
creasing the activity of cultivation over the last ten 
years increases the humidity and decreases the 
temperature within the study area. This change in 
the activity may decrease the severity of sandstorms 
in the future. Low values of mixing heights increase 
the sand concentration during storms on the ground 
surface, particularly at night hours. Wind direction 
during sandstorms is restricted within a narrow zone 
around the south direction. We strongly recommend 
cultivating heavy and tall trees in this direction that 
will protect the study area from sandstorms in the 
future. 
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