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ABSTRACT

Dala on instantaneous atmospheric Linke turbidity factor T () are reported for chear days at Qena / Egypt in
the period from June 1992 to May 1943, T, (m) is determined using the values of irradiance of direct solar radiation
(1), which are calculated from global (G) and diffuse (D) - solar radiation measurements. Monthly and seasonally va-
riations of both diurnal and daily average values of T, {m)} increases steadily in the direction of sutis¢t in the months
from June to December 1992 as well as Summer and Autumn seasons, while it falls generally in this direction for the
months from January to March and Winter season. In April and May, T, (m) fluctuates obviously through the day
hours. It is also shown that the average values of T, (m) are particularly large during Summer months compared to
other months of the year. This behavior of T, () is discussed in view of the variations of some weather clements,
which affect the content of water vapor and dust particle in the atmosphere of the study region. It seems ¢ be of simi-
lar trends to that of other locations inside and outside Egypt. The virtual variation of T (m) is eliminated by re-
ducing its value to relative optical air mass m = 2, according to Kasten formula. The resulting T, (2) is more represen-
tative for the content of dust particles and water vapor in the atmosphere,

Key words: Turbidity, Linke turbidity factor, Seasonal and diurnal variations, Sclar radiations componenis
measurements, Aerosol

L INTRODUCTION

The intensity of direct solar radiation reaching the earth’s surfaces at clear days is
attenuated by the varions constituents of the atmosphere, namely gases, liquid and solid par-
ticles. Attenuation of solar radiation through a real atmosphere versus a clean dry atmos-
phere gives an indication to the atmospheric turbidity, which its study is important in meteor-
ology, climatology and for monitoring of atmospheric pollution (Louchi et al., 1986). It is al-
so important in biological studies as well as studies of biophysical of inadvertent modifica-
tions in the atmospheric composition (Abdelrahman et al., 1988).

There are different coefficients, which are used te measure the atmospheric turbidity,
such as Linke turbidity factor, Angstrom and Shueppe turbidity coefficients. The suitable
choice of one of these coefficients depends on the kind of application under the question. For
characterizing the total extinction by the atmosphere (the main point of this work), Linke
turbidity factor T, (m) is an appropriate measure (Kasten, 1980). It refers to the whole spec-
trum, that is overall spectrally integrated attenuation, which includes presence of water vapor
and aerosols and is also considered as a first simple measure of its contents in the atmosphere.

The aim of this paper is to study the characteristics of atmospheric turbidity T (m)
measured perheliometrically at clear days in the period from June 1992 to May 1993 at
Qena / Upper Egypt. This study includes:

(i)-Monthly and seasonally variations of both diurnal and daily averages of T, (m) in
view of the corresponding changes of some weather elements, affecting the content of water




520 Advances in Atmospheric Sciences Vol.13

vapor and dust particles in the atmosphere, such as temperature {T), relative humidity (RH),
wind speed (WS) and vapor pressure (VP).

(ii)- Relation between T, {m) and diffuse fraction (D / G).

(iii)~A try to eliminate the virtual variations of T, (m) by reducing it to relative optical
air mass m =2 using Kasten formula (Kasten, 1988), which derived for this purpose. The re-
sulting reduced turbidity factor T, (2) may be more convenient than T, (m) in representing
the contents of water vapor and dust particles in the atmosphere.

1II. METHODOLOGY
. Theoretical Background ard Computation Technigues

The extinction of direct normal solar radiation measured over the whole solar spactrum
is described by (Kasten, 1980):

I=TI,e™m0r o 3w M

where [ is the irradiance of direct normal solar radiation measured by the perheliometer. It is
given by:

a0
I= I I, < di )
A=0
in which f, is its spectral irradiance {wm Zxm™"} at earth’s surfaces.
I, is the irradiation of the extraterrestrial solar radiation, it is given by:

I, =j To » dd, (3

in which F, is its spectral irradiance.

850, 0y are the vertical optically thicknesses of the atmosphers, with respect to
Rayleigh scattering, dust extinction and water vapor absorption, weighted by the
extraterrestrial solar spectrum as follow:
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in which 8, (4),d,, (1) and 8, (1) are the spectral vertical thickness of the atmosphere, which
are given by the integrals of the corresponding extinction coefficient (in m™ " G0y, Oy At
vertical height z above the earth’s surface as:

5r,p,w (A)= j Sppm (A,zMdz. (5)

z2=0

T, {m) is defined as:

T, (m)= (6)
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where § is the total vertical optical thickness of the atmosphere. It is given by:

=3, +3, +3,. o
From Eqs. 6 and 7
T (m)=1 +%?i @®)
substituting by Eq. 8 in Eq. 1 we have
I=qe W ¥ T ®)
from which
T {m)=(1/md.)*nll, / D. (10)

It is important here to say that the effect of ozone in the above calculation is left out and
compensated by including an average azone absorption optical thickness in the Rayleigh scat-
tering optical thickness 3 , (4).

Equation 10 is used to determine T, (m) with the aid of experimental values of 7. The
extraterrestrial solar irradiance 1, is calculated by:

I, =1I,.[1+0.033cos(360n / 365)], (11)

in which a is the day number of the year and /,, is the solar constant (1376 wm ™), In this pa-
per, the relative optical air mass m is taken as m=1/ sin &, which closely holds for solar cle-
vation angle (A} of value k> 10°(Kasten, 1988). The used values of 3, were obtained by
Kasten formula (Kasten, 1980):

8x=1/03.4+09 m). (12)

2. Measurements

The direct solar radiation f, which is used in Eq. 10 to caloulate T, (m), is computed
from global {G)—and diffuse (d)-solar radiation measurements according to the squation:

G=1sin k+D. {13

The measurements were carried out using two Kipp and Zonen precision pyranometers
(Model GM 6B), which complies with the specification for “first class” pyranometers (WMO,
1983). One of them was used to measure G and the second was shaded by a shadow band (50
mm width, 610 mm radius), constructed by the author, to measure the diffuse component by
eliminating the direct beam. The centering of the sun image on the band was checked daily
ensuring adequate declination and azimuth tracking by the band. A two—channel solar
integrator (Kipp and Zonen Model cc 12) was connected to the pyranometers to give the solar
irradiance {G and D) in wm™. Because the shadow band intercepts not only the direct solar
beam but also a small part of the diffuse sky radiation, the measured values of D were multip-
lied by a correction factor given by (Latimer and Mac Dowall, 1971):

‘ 1/(0~F/D) (14)
where £ / D = (2w / ny)cos’ 5(sinpsind « & + cosdsinH),

@ is the latitude of the station.
H is the hour angle of the sun at sunrise or sunset, given by
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H =cos " (- tangtans), s

4 is the declination angle of the sun.

7, @ are the radius and the width of the shadow band, respectively.

The calculated correction factor is found to be varying from 1 to I.14, which is in a very
good agreement with its values determined for other diffusographs (Latimer and Mac
Dowall, 1971).

Weather elements, which used in this paper, were measured simultaneously with G and
D. The vapor pressure VP in hPa and relative humidity in % were determined from the re-
corded values of air temperature and wet bulb temperature using tables prepared by the me-
teorological Authority of A.R. Egypt, 1984 following the WMO rules. Wind speed was meas-
ured using air meter (Griffen & Geogre Model 1749, England).

~

II1. RESULTS AND DISCUSSION

As we mentioned above, the value T; (m) denotes to large extent to the content of dust
particles and water vapor in the atmosphere. Consequently its variation with time and place is
attributed to changes occurring in the content of these atmospheric components and
parameters affecting it, such as some of weather ¢clements and local prevailing synoptic situa-
tions.

). Diurnal Variation of T, (m)

Fig. 1 represents the diurnal variation of T, () for clear days at Qena / Egypt averaged
monthly, seasonally and over the whole period from June 1992 to May 1993. Also important
feature of the diurnal variation of T, (m) for forenoon, noon and afternoon averages through
this period is shown in Fig. 2. From both figures, one can deduce the following:

i} For the months from June to December 1992 as well as in Summer and Autumn sea-
sons, the value of T, {m) increases steadily from sunrise to sunset. In these months and sea-
sons, the avarage values of T, (m) in the afterncon time are larger than those in the forenoon
one {sec Fig. 2). This increase differs from month to month. The diurnal patterns of T, (m) in
this period of the year is due to the high dust conteat in the lower atmospheric layers arising
from the well developed vertical mixing of dust particles owing to the high temperature espec-
ially in the afternoon hours. Very good positive correlations, which are found between diurnal
values of T, {m) and temperautre in Summer {0.98) and Autumn (0.93) support this conclu-
sion.

i) For the months from January to March and Winter scason, T, (m) value falls general
ly in the direction of sunset, with high average values in the forenoon time compared to the af-
ternoon time. This behavior may be explained as a result of the evaporation of water droplets
in the atmosphere at noon time (El-Hussainy, 1989).

#i) In Apri! and May, the value of T, {(m) fluctuates obviously through the day, the mat-
ter which appears in its high values of standard deviation found in the two months, especially
in the afternoon time. Average daily values of standard deviation are + 1.5 in April and
+ 1.2 in May, while its average values in the afternoon time arc + 1.98 and % 1.54 in April
and May, respectively. This reflects the instability of the atmosphere in the study region with
respect to aerosol particles and water vapor in these two months especially in Aprit due to the
dusty khamassin winds blowing in it. In Spring the diurnal variation of T, {m) is not strong
along the most hours of the day (9-15 LAT), in which somewhat closed values of T', (m) were
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Fig.1. Diurnal variation of T (m) at clear days in the period from June 92 to May 93.
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Fig. 3. Diurnal variation of temperature at Qena / Egypt (June 92-May 93).

observed. In this period the average value of T, (m) in the afterncon time is higher then in the
forenoon time.

i¥) On the whole measurement period, the diurnal variation of Ty (m) in the study region
shows steadily increase in the direction of the sunset with higher values in the afternoon hours
than in the forenoon ones. This behavior is logic in view of the general climatic feature of the
study region, which is characterized with higher value of temperature in the afternoon time
accompanied with higher values of T, (m) in this time {see Fig. 3).

The above diurnal pattern of T, (m) is generally in a good agreement with that observed
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in many other studies (El-Hussainy, 1989).
2. Daily Variation

The daily values of T, {m) averaged over each month and season in the measurement pe-
riod is represented in Fig. 4. The figure indicates high average values of T, (m) in summer
months (June—August) (4.35+ 0.52) in comparison with winter months (December — Februa-
ry) (3.64 £ 0.32). The increase of T, (m) from winter to summer is generally associated with
an increase in temperature, vapor pressure, wind speed and decrease in relative humidity. This
change in these weather elements leads to an increase in the content of dust and water vapor
in the atmosphere and consequently large values of T, (m) . A general feature of the variation
of these weather elements in the study region is represented graphically in Fig. 5. A correla-
tion study between each of them and T, (m) shows very good correlations between 7', (m)
and temperature (0.89), vapor pressure (0.78) and moderate correlation between it and wind
speed (0.55). However a weak cortelation was obtained between T, (m) and relative bumidity
(—0.35). The reverse weak influence of RH on T, (m) is due to its low values and variance in
the study region in the most months of the year (<0.30%). It varies from 21% in June to
52% in December and January. The low values of RH limit to large extent its expected effect
on increasing T, (m) through its role in developing the percentage of water droplets con-
densing on the aerosol particles in the atmosphere (Hanel, 1971; Takada et al, 1986).
Accordingly, the effect of RH on T, (m) in Qena region follows the effect of temperature in a
reverse manner. An exception from that is the maximum value of T, (m) in September which
is attributed to the anomalous relative high value of RH in this month (Av. 59%, Max. 81%)
in addition to the effect of temperature (Av. 32.5, Max. 38.7). Alsc the somewhat high values
of wind speed recorded to September (Av. 1.54 ms™'& Max. 4.5 ms™), support this maximum

value of T, (m).
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Fig. 4. Daily averages of T (m) at clear days from June 92 to May 93.
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Fig. 6. Monthly averages of Linke turbidity factor in different locations.

According to the above discussion, one see that the seasonal variation of 7', (m) at clear
days is mainly dependent on the variation of ambient temperature. This is generally in a good
agreement with many other studies, which show approximately the same seasonal pattern as
at Qena taking in consideration the different climates and locations. Fig. 6 represents a com-
parison between the variation of monthly averages of Linke turbidity factor in Cairo / Egypt
(Bi-Hussainy, 1989), Daharan / Saudi Arabia (Abdelrahman, 1988), Avignon/ France
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(Katz et al., 1982) and in the study region. It is clear that the turbidity level in Qena is smaller
than Daharan (Av. & 6.28) and Cairo (Av. 5), while it is higher than Avignon (Av. & 4.22).
Alsg the variation of turbidity factor in Qena is not strong in the most months of the year in
comparison with the other cities, reflecting the relative stability of the atmosphere in this re-
gion with respect to asrosol and water vapor content, The maximum values of T, {m) along
the year months found in Daharan are due to its short distance from the Gulf, leading to pre.
vailing high level of humidity and consequently water droplets in the atmosphere and also due
to the winds blowing in winter and summer from desert area and are highly loaded with dust
particles (El-Hussainy, 1989). However in Cairo, the high values of 7', (m) are due to the
very high pollution level resulting from industrial traffic and high man activities. Avignon is
semi rural site falling in a temperate climate zone and dominated by vegetation and lack of
dust storms (Katz et al., 1982), so the turbidity level in this city is smaller than that in the oth-
€T cities.

3. Frequency Distribution o fT;(m)

A more clear picture of atmospheric turbidity is obtained by investigating its frequency
distribution in the study region. Fig. 7 presents such a distribution for the data measured
through the measurement period. It is seen that the frequency distribution over the whole pe-
riod is asymmetric with a peak frequency of about 16.2% representing the class interval
(3.5-4) of turbidity factor. A similar study of frequency distribution of T, (m) at Cairo
(El-Hussainy, 1989) shows a peak frequency of about 20% representing the class interval
(4.5-5), which when compared to that at Qena reflects the developed urban effect at Cairo.

4. The Variation o f Turbidity Factor Ty (m) with Difluse Fraction (D/ G)
Fig. 8 represents the relation between the daily average values of 7, (m) and (D / G)

Frequency (%)
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at different months. It is clear from this figure that the increase of (D /G) is generally
accompanied by an increase in T (m) . An empirical equation between T, (m) and (D / G)is
deduced over Qena. It is found to be in the form:

T, (m) =229+ 6.8KD / G) (16)

with correlation coefficient=0.52.

Fig. 9 represents the relative deviations of the daily averages of T, (m), predicted using
Eq. (16), from the measured one T (m) at different values of (D / G). Relative deviations in
the range from —7.5% to 14%, which are shown in this figure, indicate the possibility of using
(D / G) values to determine T'; (m) according to Eq. (16) with acceptable accuracy.
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5. Elimination o fthe Virtual Variation ofT ; {m)

The value of 7', () calculated according to equation 10 shows a reasonably dependence
on m owing to the quite different dependence of 5(3 5,3, .65 ) on the spectral distribution of
the incident radiation, which varies with m (Kasten, 1988). This behavior is calied the virtual
variation of atmospheric turbidity. However the dependence of T, (m) on m is smaller than of
5 owing to the partial compensation of the wave length dependence of the numerator and de-
nominator in Eq. (6). An elimination of the dependence of T, (s} on m is possible according
to Katsoulis and Tselepidaki, 1986 and WHO 1981 by reducing the value of 7, (m) measured
perheliometrically to relative optical air mass m= 2, at which it is independent of m (Kasten,
1988). In their calculations, they reduced I(T', (m), m) in equation 9 to the reduction optical
air mass m=2 as:

KTy (m)2) = Fy ¢ Teim = Sntmh 2/ )
and then introduced the reduced turbidity factor 7'y (m) by the:
HT, (m),2) = [yt ~Te@ 230 -

Through some what leborious calculating procedure, the equating of Eqs. (17) and {18) boils

down to - -
T (m)+ Splm)=T,(2)+ 5, (2. 19)

According to this equation, Kasten has derived formula for calcu]nting the wanted re-
duced Linke turbidity factor T, (2) with the aid of the proposed function for & (Eq. 12) as fol-
lows:

T,/ T,m)=112/(0.9m +9.4) (20)
that when substituted in Eq. 9, using the approximation m=1/ sin A, one obtzins:
1__.Ine(—r,_(2)r’ll.2|in ) (2])
from which
T, (2y=112sin 4 In (7, / D. 22)

Table 1. Number of Observations of Global snd Diffuse Solar Radistion Components at Clear Days from June 92 to

May 93
Month No. of observations
June 1992 208
July 280
August 154
September 201
October 210
‘November 149
December a7
January 1993 118
February 132
Matich 114
April 117
May 72
Totsl 1942
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Table 2.Diurnal Variation of 7, (2), Ty, (m), and m Averaged over the Whole Measurement Period

Time 7 L] 9 L] 11 12 13 14 LS 16 17
T, 2,72 | 305 | 3.82 | 4.19 | 445 | 4.65 | 4.86 | 491 | 497 | 5.04 | 526
Ty(m) 291 | 315 | 3.72 | 3.98 | 4.86 | 4.37 | 4.55 | 465 | 490 | 5.22 | 3.50
m 255 [ 173 [ 3w {124 | 120 | 1.25 [ 149 | 194 {207 | 333 | 184
T, (=T, (m)/ T, (m
7. "%m VT, -6.21-298 | 275 | 5.5 | 6.86 | 6.75 | 6.85 | 5.69 | 138 |-3.51|-444

Table 3.Monthly Variations T, (2),T, (m) and rx in the Period from June 1992 to May 1993

Month 7, T m) - @~ rl% (m)/ T, (m)
June 4.46 431 1.861 3.467
July 448 4.35 1.930 3.039

August 4.56 4.38 243 4.036

September 4.78 4,62 1.957 3.540
October 433 4.14 2.610 4771
November 4.00 420 3.430 -4.593
December 3.64 .73 2417 -2.366
January 31.59 361 2,223 —0.701
February 1.0 3.61 2932 2.434

March 432 4.34 2.229 -0.532
April 423 4.21 1.760 0.485
May 422 4.12 2127 2.467

Using Eq. (22), values of T (2) were calculated at clear days from June 1992 to May
1993 in the study region. These values refer only to the effect of dust particles and water vapor
on the depletion of the incoming solar radiation. Generally it show similar behavior to that of
T, (m) . Tables 2 and 3 represent the relation between 7, (2) and T, {(m) for computed 1942
values, averaged dirunally and monthly over the whole measurement period, respectively. It is
seen that the average values of T, {2) are very closed to that of T, (m) . The percentages of its
relative deviations from T, (m) lie in the ranges 6.86% for diurnally variations and 4.6% for
monthly ones. This indicates the weak effect of the virtual variation on the turbidity factor in
Qena owing to the low deviations of m from considered value m=2 in this city, at which, the
average value of m is 2.33 £ 0.46. Using linear regression technique, the following models have
been found for Qena data of T, (2) and T, (m):

i} For diurnal variations

T, (2)=1.001T; (m)+ 0.070 {23)
with correlation coefficient = 0.966.
ji) For monthly variations
T.(2)=1.140T, (m) — 0.521 (24)

with correlation coefficient = 0.956.
" The predicted values of T,(2) using the above two Eqs. (23) and (24) are not
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significantly different from that obtzined experimentally by Eq. (22). Its relative deviations
from T (2) lie within the ranges (—4.94%-9.6%) and (2.97%—6.75%) for diurnally and
monthly averages data, respectively (see Fig. 10).

I¥. CONCLUSION

The effect of atmospheric aerosol particles and water vapor on the depletion of incident
solar radiation in Qena / Egypt has been investigated, based on Linke turbidity factor data
for clear days in the period from June 92 to May 93. The study leads to the following conclu-
sions;

1. The diurnal variations of T (m) are characterized with steadily increase in the direc-
tion of sunset in the period from June to December 92, while it shows general fall in this direc-
tion in the period from January to March 93. In April and May, the T, (m) values show an
obvious fluctuation through the day hours from sunrise to sunset.

2. The values of T, (m) in the summer months are higher than its values in winter ones,
which agrees with many other studies, at different locations.

3. The results of T, {m} is found ta be highly dependent on the variation of the ambient
temperature and vapor pressure and to some extend to the variation of wind speed. Effect of
relative humidity seems to be weak and reversible, which is inconsistent with its expended
rufes.

4. The turbidity level in Qena is generally high. However it is smaller than in
Cairo / Egypt and Daharan Saudi Arabis.

5. The partial dependence of T'; (m) on the relative optical air mass m is eliminated by
reducing its values to m = 2 using kasten formula, which was introduced for this purpose, The
resulting values of T, (m) are more representative for the content of water vapor and dust
particles in the atmosphere.
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