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Abstract Population growth, mechanization, and industrialization have now made humanity the equivalent of other
natural processes in its effect on air-pollution levels and associated climatic change. The significant correlation between air
temperature (T) and atmospheric turbidity has been recognized. Given the fundamental role played by atmospheric
turbidity and the lack of studies concerning its magnitude at Qena, Egypt, the current study has introduced an assessment of
this parameter. Because of the unavailability of spectral measurements, a model has been used to estimate hourly values of
the Linke turbidity factor (Tp) from broadband measurements of direct normal irradiance (I,) from 2001 to 2004. The
results describe a clear picture of Ty under cloudless sky conditions. The frequency distribution of Ty has been shown, and
the influence of T on Ty has been investigated. T, see the effect of T on Ty more clearly, further analysis was performed.
The values of Ty were classified according to the corresponding air temperature in 1°C intervals. Then the average Ty for
each interval was estimated. The study showed that for T <22°C, the average value of T; decreased with increasing T, but
for T > 22°C, the value of Ty rose with increasing T. In both cases, a quadratic equation could be fitted to the dependence
of the average Ty on T (the coefficients of determination of the fitted lines were 0.33 and 0.98, respectively). Based on the
variability of T, an attempt was made to explain the diurnal variation of average monthly, seasonal, and overall hourly Ty
as illustrated by the results presented.
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the presence of water vapor and aerosols. It is also
1. Introduction considered to be one of the first simple measures of the
contents of the atmosphere. In addition, earlier studies
mentioned that Ty remain a useful parameter because of its
inherent simplicity and the existing long series f published
data based on it [5]. Some researchers have used T, data to
derive the Angstrom turbidity coefficient 5 from empirical
relationships [6, 7, 8, 1, 9, 10, 11]. However, such empirical
relationships may not provide a good estimate of f in all
cases [12, 13]. If spectral measurements are not available,
several models can be used to estimate T} from broadband
measurements of direct irradiance [14, 15, 16, 5, 1, 9].
Because spectral measurements were unavailable, this study
has used broadband direct irradiance measurements to
estimate atmospheric turbidity.

The study of atmospheric turbidity is important in
meteorology, climatology and for monitoring of
atmospheric pollution [4, 3, 17, 1]. It is also an important
parameter for predicting solar energy availability under
cloudless skies, which is essential for designing solar
thermal power plants and other solar energy conversion
. ] devices with concentration systems. This means that it is
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The attenuation of solar radiation through a real
atmosphere versus that through a clean, dry atmosphere
gives an indication of atmospheric turbidity. Atmospheric
turbidity is associated with atmospheric aerosol load. These
aerosols are solid and liquid particles suspended in the
atmosphere and ranging in size from 10~ um to several tens
of microns [1]. As a result of the relation existing between
aerosols and attenuation of solar radiation reaching the
Earth’s surface, various turbidity factors based on
radiometric methods have been defined to evaluate
atmospheric turbidity [2]. These factors include the Linke
turbidity factor (Ty), the Angstrém turbidity coefficient, the
Shueppe turbidity coefficient, and the Unworth-Montath
coefficient [3]. The best choice among these factors
depends on the application under consideration. To
characterize total extinction by the atmosphere, Ty is an
appropriate measure [4]. It refers to the whole spectrum,
that is, overall spectrally integrated attenuation, including
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efficiency of solar-cell modules under a variety of
atmospheric turbidity and weather conditions is essential to
optimize their performance because an increase in turbidity
reduces the output current of solar cells. The reason why
this is not done is often the unavailability of atmospheric
data for the specific location for which the solar system will
be designed. Accordingly, photovoltaic and solar thermal
energy systems are usually designed considering their
performance under standard test conditions, without taking
into account the state of the local atmosphere [9]. Hence, it
is important to provide a clear picture of atmospheric
turbidity in the region of this study (Qena, Egypt). Qena, as
a subtropical location, is a city of abundant solar radiation
for most months of the year. Accordingly, it would appear
to be well suited to the use of solar energy in various
applications because of the interest that this form of clean
energy elicits as a way to solve the energy demand problem
[19, 20]. El Shazly et al. (1997) concluded that the
incoming solar energy at Qena is a significant source of
renewable, clean energy that is sufficient to supply people
in the area with the energy they need.

Therefore, the main objective of this research was to
study the characteristics of Tp under clear skies at Qena,
Egypt. The dependence of Ty on T is discussed in Section
3.2. Based on the relationships found, the diurnal variation
of average monthly, seasonal, and overall hourly T; has
been explained in Section 3.3.

2. Data

2.1. Computing the Linke Turbidity Factor (T})

As mentioned above, the Linke turbidity factor (Tr)
represents the whole spectrum, that is, overall spectrally
integrated attenuation, including water vapor and aerosols
[21]. In addition, several investigators have derived Ty from
broadband direct irradiance measurements. These
measurements are routinely performed with pyrheliometers,
which offer relatively low cost, high stability and accuracy,
and ease of use and calibration [5]. The following equation
is used to estimate T using the broadband direct normal
solar irradiance, I, [22, 1, 23, 18]:

Ty, =[1/Sgm,Inl1y/1,] (1)

where I, is the extraterrestrial normal solar radiation, which
is estimated (Eq. (2)) using the day number of the year (n)
and the solar constant (ISC). In addition, m, is the relative
optical air mass as described by Kasten (1966) (Eq. (3))
using the solar zenith angle in degrees (SZA). The Rayleigh
optical thickness &, was estimated using Eq. (4) proposed
by Kasten (1980). More details about the theoretical
background of T, and its computation techniques can be
found in El Shazly (1996):

I, = I4c[1+0.003cos(3601/365)] 2)

-1
m,, =|cosSZA +0.15(93.885 — SZA)—1A253‘ 3
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5p=(9.4+09m,)" C))

Rahoma and Hassan (2012) commented that Linke (1922)
recognized the variation of Ty, with m,, but had little success
in developing a new relationship. El Shazly (1996)
eliminated the partial dependence of Tp on m, by setting
m,=2 and using the Kasten formula [24] introduced for this
purpose. He illustrated that the effect of m, at Qena was
weak because of the deviations of m, from the assumed
value m,=2 in this city (the average value of m, was
2.3340.46). The average value of m, for all the cases (8480)
used in the current study was equal to =2 (with standard
error of estimation SEE = 0.01). Accordingly, Eq. (1) was
used to determine T in the study area.

2.2. Measurements

The hourly values of the solar radiation components of I,
global (G) and diffuse (D), used in this study were measured
by South Valley University (SVU) Meteorological Research
Station (MRS). The hourly values (hour integral irradiance)
of I, G, and D under all sky conditions were collected from
2001 to 2004. In addition, the cloud amount (in octas) was
used in this work to describe the state of cloudiness of the
atmosphere. It is visually observed at the end of each hour in
the study station. According to these visually observed, the
datasets of In, G and D, were classified. The dataset of In
under cloudless sky conditions were separated out to
determine T;. Moreover, the present study used the separated
datasets of both G and D to determine D/G ratio under
cloudless sky conditions (K).

SVU-MRS is located at Qena, Egypt (26.20°N, 32.75°E,
and 96 m amsl) and can be defined as an urban site. The
Egyptian Meteorological Authority (EMA) is responsible for
scientific advice, calibration, and quality systems for the
Egyptian Monitoring Network. The accuracy of the
radiometric instruments is in the first class according to the
World Meteorological Organization classification [25, 26].
Moreover, these instruments are calibrated each year against
a reference instrument that is traceable to the World
Radiometric Reference (WRR) maintained at Davos,
Switzerland [27, 28]. More details, including a description of
the site, instruments, and data collections at the SVU
meteorological research station, can be found in previous
papers by the author (e.g. [29, 30, 6, 31, 8, 32, 33, 34, 35, 36,
37]). The Precision Spectral Pyranometer (PSP) No.
163171S is an ISO 9060 secondary standard pyranometer
with a spectral range of 295-2800 nm. It is used for precise
measurement of global solar radiation. In addition, diffuse
solar radiation (D) was measured by shading the direct beam
from a similar pyranometer using an anodized aluminum
shadow band [20]. The direct normal solar irradiance was
recorded by a normal-incidence pyrheliometer (NIP), KZ No.
9701591IS. The Combilog Datalogger (No. 1020, Th.
Friedrichs & Co., Germany) recorded the hourly values of In,
G, and D.

Furthermore, meteorological parameters such as air
temperature (T), relative humidity (RH), and cloudiness
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were recorded. The values of precipitable water content (W)
were estimated using Eq. (5). Leckner (1978) presented this
equation for estimating W using the relative humidity as a
fraction of one (RH) and the ambient temperature in Kelvin

(T):

W =0.493(RH /T )exp|26.23 — 5416/T| (5)

3. Results and Discussion

3.1. Hourly Results for the Linke Turbidity Factor (Ty)

The temporal variation of the hourly results for the Linke
turbidity factor (T.) in the study area was examined. The
fluctuations in Ty from 2001 to 2004 were also analyzed.
Figure 1 shows the fluctuations in Ty and T during the study
period. The figure reflects a remarkable variation from hour
to hour. The behavior of Ty may be due to changes in
atmospheric conditions, which affect the content of water
vapor and dust particles in the atmosphere similarly to T
and W. In addition, the effect of the K4 ratio (which refers
to the amount of aerosols in the atmosphere) on T; was
considered. El Shazly (1996) concluded that the values of
Ty at Qena are highly dependent on variations in T, W, K4,
and sometimes variations in wind. I, this research, the
diurnal variation of Ty has been characterized (sections 3.2
and 3.3). Correlations between T and both W and the Ky
ratio were used. The dependence of T on T was explained
based on changes in both W and the K ratio (3.2). Figure
la shows that, over the whole period, Ty ranged from =~ 2
to 11.8. The maximum value of Ty at Qena is less than the
maximum for Cairo (11.87), but higher than the maximum
for Aswan, 10.8 [38]. The maximum value occurred at
12:00 on August 7, 2002, under conditions of T= 42°C, W=
2.8 cm, and K= 14.43%. In addition, the minimum value
occurred at 17:00 on February 21, 2001 (T= 17°C, W= 0.9
cm, and K4 = 17.59%). According to Adam and El Shazly
(2008), during daytime hours (8:00 A.M. to 3:00 P.M.), the
atmosphere tended to be generally unstable, with some
neutral conditions. At 12:00 (on August 7, 2002), the
stability rating was slightly unstable. This stability rating
reflects a surface wind speed of less than 6 m/sec and a
value of G= 3.8 MJ m™> These atmospheric conditions,
representing upward convection currents of hot air loaded
with aerosols, made the atmosphere more turbid. At 17:00
(on February 21, 2001), the atmosphere tended to be neutral,
and the value of G was in the very low class (0.74 MJ m?).

Generally, Fig. 1a shows that high values of Ty occur in
the hot seasons; however, the average T; was 5.514+0.26
(the average value of T was 34.75+2.22°C). I, the cold
seasons, the average value of T was 4.45+0.44 (the average
value of T was 23.54+2.54°C). The effect of T on this
variable will be studied in the next section (3.2). According
to earlier studies (e.g. [5]), this behavior of Ty is due to the
effects of anthropogenic air pollutants and of particles
emitted from the desert. They mentioned that these particles
increase the diffuse component of solar radiation and reduce

the values of I,. The presence of these particles tends to
change the diffusion of beam solar radiation into diffuse
radiation. As mentioned earlier, Qena is located between the
eastern and southern deserts in the southern part of Egypt
(close to Aswan), in an area which contain large particles
like sand. These coarse particles can increase the diffusion
component.
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Figure 1. Fluctuation of hourly values of Ty (a) and T, in °C (b) at Qena
from 2001 to 2004
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Figure 2. Frequency distribution (%) of the data measured for different
classes of Ty at Qena from 2001 to 2004

To obtain a clear picture of atmospheric turbidity, the Tp
frequency distribution in the study area from 2001 to 2004
was used. Figure 2 presents the frequency distribution of the
data measured for different classes of Tp during the
measurement period. Ty was classified into ten classes:
2,3,4,5,6,7,8,9,10,and = 11. Each class includes the
values which are closer to the index of the class than to any
other index. For example, class 5 includes the values closer
to 5 (4.45-5.44). In addition, class 2 indicates a low content
of water vapor and dust particles in the atmosphere.
Moreover, the dataset for T, =11 represents values of T
= 10.45 (this class indicates a high content of water vapor
and dust particles in the atmosphere). The frequencies of T
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values for these classes were 0.98%, 10.31%, 22.28%,
21.95%, 16.03%, 11.44%, 8.92%, 4.83%, 2.76%, and
0.51% respectively. It is apparent that the frequency
distribution over the whole period has a peak of about
22.28%, which falls into Ty class interval 4. These results
seem reliable if one considers the nature of atmospheric
stability in the study region. Most unstable atmospheric
conditions occur between 6 A.M. and 6 P.M. However,
92% of daytime hours (7:00 to 17:00 LST) during the study
period are characterized by unstable atmospheric conditions
[36].

3.2. Effect of Air Temperature on T},

The importance of meteorological factors in the transport
and diffusion stage of the air-pollution cycle is well
recognized [39, 40, 41, 42]. Adam (2013Db) stated that these
factors play an important role in ambient distributions of air
pollution. The influx of pollutants from the ground surface,
their residence in the atmosphere, and the formation of
secondary pollutants is controlled not only by the rate of
emission of the reactants into the air from the source, but
also by wind speed, turbulence level, air temperature, and
precipitation. Hence, it is often important to understand the
physical processes leading to an observed concentration of
pollutants at a given point. In addition, Adam (2003)
mentioned that diurnal variation of temperature near the
ground is one of the key characteristics of the atmospheric
boundary layer over land [43]. Therefore, in this section, the
correlation between T and other atmospheric conditions that
affect the content of water vapor and dust particles in the
atmosphere (such as W and Kg) is illustrated, and
accordingly the correlation between T and T is analyzed.
The analyses were carried out to quantify the relationship, if
any, between the hourly values of T and the variables (W,
Ko).

Figure 1(b) illustrates the variation of the hourly values
of T during the period under study. Analysis of these results
showed that the correlations between T and both W and Ky
were weak (0.28 and —0.08 respectively). To see more
clearly the effect of air temperature (T) on these variables
(W and K,), further analysis was undertaken. The values of
W and K, were classified according to the corresponding air
temperature in 1°C intervals. Then the average values of W
and K, for each interval were estimated. In this section,
these average values are used to study the correlations
between T and both W and K (Fig. 3a).

From Fig. 3b, it is evident that for T<<22°C, W increases
and simultaneously Ky decreases with increasing T. This
occurs because, at low temperatures, condensation of water
vapor and formation of mist occur, leading to an increase in
the Ky ratio. With increasing T, condensed water begins to
evaporate and mist disappears, leading to an increase in W
and a decrease in Ky (the minimum value of average Ky was
~ 19%). For T>22°C, both W and K, increased with
increasing T. This occurs because when the Earth’s surface
temperature increases substantially, upward convection
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currents of hot air loaded with aerosols make the
atmosphere more turbid. The dependence between T and
both variables is clear. Adam and El Shazly (2008) found
that during daytime hours (8:00-15:00 LST), the
atmosphere tends to be generally unstable, with some
neutral conditions. However, under unstable atmospheric
conditions, dust concentrations decrease with decreasing
atmospheric instability. During the increase and decrease of
both variables, their values fluctuated according to the
formation of secondary pollutants and the rates of emission
of reactants into the air from the source [31]. The
correlations between T and both W and Ky were 0.81 and
0.74 respectively. The regression lines reflect that 66% and
55% of the variance in W and Ky respectively can be
explained by the variation in T. This result reflects the
strong effects of T on other atmospheric conditions that
affect the content of water vapor and dust particles in the
atmosphere (such as W and Ky). Therefore, the effect of T
on atmospheric turbidity will be discussed with a view to
increasing our knowledge of the diurnal variability of this
variable at Qena.
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Figure 3. Dependence of K4 (%), W (cm) (a) and Ty (b) on T (in °C) at
Qena from 2001 to 2004

Figure 3b illustrates the variation of average T; with
increasing T. It is apparent that at low temperature (10°C
< T =< 22°C), the average value of T, decreases with
increasing T. This behavior may be due to the frequent mist
and higher relative humidity in the morning, phenomena
which indirectly increase the extinction cross-section of
hygroscopic aerosols and the frequent occurrence of
inversions which dissipate in late morning, enabling
dispersion of aerosols [44, 45]. Generally, at Qena, low
temperatures occur in early morning and late afternoon
during some months (such as January, February, March,
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April, November and December, known as the cold season).
In addition, these results are in agreement with those of El
Shazly (1997), who studied atmospheric transparency at
Qena and found that the atmospheric transparency
coefficient decreases toward sunset due to the high aerosol
content in these hours. The relation between T and Ty can
be expressed by the following equation:

T, =—0.004(T)* +0.088(T")+ 4.066 (6)

The coefficient of determination of the fitted line was
0.33. Hence, the regression line represents 33% of the
variance in Ty. The less noticeable behavior of T} is due to
the decreased quantity of aerosols suspended in the
atmosphere. Low temperatures lead to condensation of
water vapor and formation of mist, which cause a reduction
of direct solar radiation and an increase in the Ky ratio,
leading to an increase in Ty. Subsequently, the decrease in
Kg4 with increasing T was due to evaporation of condensed
water and disappearance of mist, leading to a decrease in
Tr.

Figure 3b illustrates that at high temperatures (T>22°C),
the average value of Ty increases with increasing T. The
relationship can be represented by the following equation:

(M

The coefficient of determination of the fitted line was
0.98, meaning that the regression line represents 98% of the
variance in Tp.. The rise in T, with increasing temperature is
due to the increase in W with increasing T. As the Earth’s
surface temperature increases substantially, upward
convection currents of hot air loaded with aerosols make the
atmosphere more turbid, leading to increases in T.. In
addition, during the afternoon hours, the values of hourly T,
change with changing T, clearly illustrating the dependence
between T, and T. El Shazly (1996) demonstrated that T is
mainly dependent on T. Adam and El Shazly (2008) found
that during daytime hours (8:00-15:00 LST), the
atmosphere tends to be generally unstable, with some
neutral conditions. However, under unstable atmospheric
conditions, dust concentrations decrease with decreasing
atmospheric instability.

From the above discussion, it is clear that the variability
of Tp at Qena during the study period was in agreement
with other studies (in Cairo). El Hussainy (1986) and
Kassem (1997) found that T; decreased gradually with
increasing T until & 25°C, after which T increased again
with increasing T. In addition, they showed that T
increases as W increases. They also showed that the results
were to be expected because increases in W cause
reductions in solar radiation due to scattering and
absorption. Hence, T decreased.

The next step was to introduce a regression formula to
study the simultaneous effect of T, W, and K4 on Ty. The
following equation represents the fitted linear regression
between T} and these variables:

T, =—0.11(T)-0.52(W )+0.07(K ; )+1.46

T, =—0.002(T)* +0.022(T)+0.344

®)

The overall correlation between Ty and T, W, and K4 was
0.97 (with individual correlation coefficients between Ty,
and T, W, and K4 of 0.92, 0.51, and -0.19 respectively).
However, the value of R does not guarantee that the
regression line can fit the data well [46]. A statistical
analysis was applied to determine if R was statistically
significant. The relation between the residuals of the
averages of Ty and of T, W, and K4 was calculated, and the
residual plots are shown in Fig. 4. For each case, these
figures show a random pattern for the values of these
residuals. Accordingly, the linear relationship between the
averages of Ty and T, W, and Kd provides a good fit to the
data used. In addition, F-statistic was equal to 178.6%***
(*** refers to the significance of F at a confidence level of
99%). Therefore, the value of R is statistically significant.
Hence, this effect of T on Ty, which affects the content of
water vapor and dust particles in the atmosphere as
described in Section (3.3), explains the average diurnal
variations of Ty for each month, each season (hot and cold),
and overall.
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Figure 4. Scatter plot of residuals of T, for different values of: T, in °C (a),
W, in cm (b), and K4 ratio, (%)

3.3. Diurnal Variation of Ty,

Figure 5 illustrates the diurnal variation of the monthly
average hourly Tp at Qena during the study period. The
figure shows that, from early morning to mid-morning
(7:00-9:00 LST), the months can be classified into two
groups. The first group includes months that had T <
22°C during these hours (I) (January, February, March,
April, November, and December, constituting the cold
season (Fig. 6)). The other group contains months that had
T > 22°C during these hours (May to October, constituting
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the hot season). For the first group, as mentioned above, in
the early morning (7:00 LST), condensation of water vapor
and formation of mist occur, causing a reduction in direct
solar radiation and resulting in high values of Tp.. Its
average value through these months was 5.8+0.8. This
average value of Ty decreased to reach 4.6+0.9 at 9:00 LST.
This means that, from 7:00 to 9:00, a drop of 26.1% was
observed. In addition, during the cold season, this drop
became 9.3%. The reduction in Ty occurs because with
increasing T, condensed water evaporates and
mistdisappears. For the second group, the Earth’s surface
temperature  increases markedly, creating upward
convection currents of hot air loaded with aerosols and
making the atmosphere more turbid, leading to increases in
Ty. These results are in agreement with those obtained by El
Hussainy (1986) and Kassem (1997).

1 “I“I\
|

Hourly T (°C)

time (month, hour)

Figure 5. Diurnal variation of monthly averages of hourly T (a) and
hourly T, in °C (b) at Qena from 2001 to 2004

From late morning to afternoon (10:00-17:00 LST) for
all months (as well as the hot and cold seasons, except
17:00 LST. when the average T was 19.7°C), the Earth’s
surface temperature increases markedly, creating upward
convection currents of hot air loaded with aerosols, making
the atmosphere more turbid, and leading to increases in Ty.
During this part of the day, the average value of hourly T,
changes with changes in T. The dependence between T, and
T is very clear, and the correlation between T, and T was
discussed in Section (3.2). El Shazly (1996) illustrated that
Ty is mainly dependent on T. Adam and El Shazly (2008)
found that during daytime hours (8:00-15:00 LST) the
atmosphere tends to be generally unstable, with some
neutral conditions. However, under unstable atmospheric
conditions, dust concentrations decrease with decreasing
atmospheric instability. El-Shazly et al. (1991) showed that
temperature has an important effect on atmospheric
extinction at Qena (Egypt). They concluded that
temperature increases aerosol mass concentration and thus
atmospheric extinction. They also discovered the significant
role of high temperature near the Earth’s surface, which
gives rise to vertical mixing of pollutants, which raises the
buoyancy of particulate matter in the atmosphere. Finally,
they found that the relative humidity increases under these

Correlation between Air Temperature and Atmospheric Turbidity at a Subtropical Location

conditions because more aerosol particles are present to
absorb water molecules.

6.4 —
- T T — e —o
L - S
- SO
-
54 t
=
o ®, e,
Y Sh ®e. e
4.4 t e T o..
- .,
34 + .
8 e
| _ /,’ —) — S —C — - -
—_ 34 | - =
& 2 --e--cold season
e o -~
= S
30
=~ | —o—hot season
26 | [ PR ....... ...
L o T ...
22 Lo
L o« ®
18 L L
> =3 =3 > =3 > =3 =3 > =3 3 > =3
> > > > > > > > > > > > >
o [ =3 a > — o o -+ w 1 —~ oL
> > > > — — — — — — — — —

time (hour)

Figure 6. Diurnal variation of average seasonal values (cold and hot) of
hourly T, and hourly T in °C at Qena from 2001 to 2004

Generally, the diurnal variation of Ty averaged over the
whole study period reflects the variations of the average
values of all data for each hour (Fig. 7). For T > 22°C, the
average value of Ty decreased from early morning at 7:00
LST (5.51, with SEE = 0.08) to 9:00 LST (5.39, SEE =
0.05). This result was observed because the drop in Ty from
7:00 LST to 9:00 LST in the cold season was greater than
the increase from 7:00 LST to 9:00 LST in the hot season
(9.3% and 4.6%, respectively). Therefore, the average
behavior of T for all data for each hour tends to its
behavior during the cold season (as mentioned above for the
first group). Later in the morning, the average T, increases
from 9:00 LST to reach the maximum value at 11:00 and
12:00 (5.82, SEE = 0.06 and 5.81, SEE =0.06, respectively).
As mentioned earlier, for the second group (as well as in the
hot season), when T increases and the Earth’s surface
temperature rises, the atmosphere becomes more turbid, and
hence Ty increases. The values of T at 11:00 and 12:00
were equal to 33.00 and 33.65 respectively. Moreover, Tp
decreases from noon to 16:00 (5.26, SEE = 0.08) and then
increases again to reach 5.35 (SEE=0.10) at 17:00. This
increase is due to an increase in T (from 31.38°C at 16:00 to
33.34°C at 17:00 LST). El Shazly (1996) mentioned that
diurnal patterns of atmospheric turbidity might be due to
high dust content in the lower atmospheric layers arising
from well-developed vertical mixing of dust particles under
conditions of high temperature, especially in the afternoon
hours. In addition, the diurnal variation of atmospheric
turbidity at Qena showed an increase in the direction of the
sunset. He explained that this behavior is logical in view of
the general climatic features of the study region, which is
characterized by higher temperatures in the afternoon. More
details about the characteristics of aerosols at Qena can be
found in studies by Mohamed et al. (1987) and El Shazly
(1989). In addition, Adam (1995) and El Shazly et al. (1997)
illustrated the effect of aerosols on broadband solar
radiation.
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Figure 7. Diurnal variation of hourly averages of T, and T in °C at Qena
from 2001 to 2004

Finally, the above discussion makes it clear that the
variation in Tp at Qena, Egypt is depends mainly on
variations in air temperature (T). Moreover, El Shazly
(1996) supported this conclusion. He found that the
seasonal variation of Tr at Qena, Egypt depends mainly on
variations in air temperature. In addition, he showed that his
findings were in agreement with those of other studies that
illustrated approximately the same seasonal behavior as at
Qena under different climates and locations, such as
Dhahran, Saudi Arabia [47], Tunisia [48], Cairo, Egypt [49],
Danube Delta coastal area [50] and Avignon, France
[51, 52].

4. Conclusions

Measured hourly values of broadband measurements of
direct normal irradiance (I,) under cloudless conditions have
been used to estimate the Linke turbidity factor (T.) from
2001 to 2004. The correlation between T and other
atmospheric conditions that affect the content of water vapor
and dust particles in the atmosphere (such as W and K,) was
illustrated, and accordingly the correlation between T and Ty,
was analyzed. The average diurnal variation of hourly TL for
each month and each season (hot and cold) was explained, as
well as the diurnal variations of hourly Tr over the whole
period. The overall findings of this study can be briefly
summarized as follows:

1. Hourly values of T, varied from = 2 to 11.8. The
maximum value of T_ at Qena is less than the
maximum for Cairo (11.87), gut higher than the
maximum for Aswan (10.8). According to Leckner
(1978), 0.98%, 10.31%, and 80.62% of the daytime
hours (7:00 to 17:00 LST) during the study period
were characterized by (clear, warm air), (turbid, moist,
warm air), and (polluted atmosphere) respectively.

2. Authors and affiliations At low temperatures (10 <T <
22°C), the average of Ty decreases with increasing T,
but at high temperatures (T > 22°C), the average
increases with increasing T. For both cases, a
quadratic equation can be fitted to represent the
dependence of average Ty on T. The coefficients of
determination of the fitted lines were 0.33 and 0.98
respectively.

3. The simultaneous effect of T, W, and Kd on T; had a
multiple correlation, R, equal to 0.97 (the individual
correlation coefficients between Ty and T, W, and K4
were 0.92, 0.51, and -0.19 respectively). The value of
R was statistically significant (F-statistic equal to
178.6*** at a confidence level of 99%).
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