MAUSAM, 51, 3 (July 2000), 275 - 280

551.521.17 : 551.501.721(620)

Analysis and correlation of ultraviolet solar radiation from routine

meteorological measurements over Egypt

A. L SALEM
Department of Physics, Faculty of Science, Zagazig University, Egypt

(Received 4 November 1999, Modified 17 April 2000 )

. WR : Fifew (30015 7., 31° 17" 4. ) 3l anwwam (230 58' §., 32° 47" 4. ) & Ao waw
R AR 3id &R e, o ofie wideEl, g4, iR RfEwor 3t geei $ & aut (1990
-92) & w1l I 3@ AW 9F § wegn, Hoia iR fvafs frw o @) 3w @ o & 5 wa
W R fAfw gew R R gf. & foy sofom e oo ¢fe W= @ifta # (1841
MJ/mz, 0.55 MJ/m? ) 3iR armam & (22.1 MJ/m?, 0.71 MJ/m? ) 9| Tifte ¥R fafmor aeai w
arpiedy 49 & g @t R Sirg @ 1 ik 39w REw fwd e mn @) widER ik
sy e (g @i/, ) & sgua @ swed T € iR gHa! gor SRT WIEEN & 5
wrE § B 7| A a6l Bt oafy & A g gr el w oS ek g & e wewdy @ ovar
@ & foy wasm Reewor e mn ¥ ol suw Wl degoyer wewdy e @ ot
oot fomar ma &)

4% wifew (B & Frae wmi ) ok omeam (B & oo w1l ) @t sisa B & g4
iR fafwor & W Renfe a9 Stae 78 €1 oa: e & ool ok frad e a9 | e oft
WHE & el yHeeny R fAfevor Al & Wy TR wEHdy el @ 5 e 99 W
& g 8. d9r fafeww &1 snsfea e s wwar &1

ABSTRACT. For three years (1990-92) measurements of the monthly average daily global, G, and ultraviolet,
UV, solar radiation incident on a horizontal surface at Cairo (30°15'N, 31°17°E) and Aswan (23°58'N, 32°47E) are
presented, processed and analysed. It was found that the computed monthly average daily values for the obtained solar
radiation components, G and UV, were (18.1 MJ/m’, 0.55 MJ/m?), for Cairo and (22.1 MJ/m®, 0.71 MJ/m®), for Aswan.
The effect of atmospheric dust on the measured solar radiation components is also investigated and discussed. The ratio
of the ultraviolet to global radiation (UV/G) are calculated and compared with other sites in the Arabian Peninsula. A
regression analysis has been done 1o find a correlation between G and UV at the selected sites during the three year
period and the recommended correlation equations have also been stated.

Since the meteorological measurements of UV solar radiation are not available over Egypt, except at Cairo (Lower
Egypt) and Aswan (Upper Egypt) stations, our correlation equations can be used to calculate this component from the
available global solar radiation measurements at any site in the two zones of Upper and Lower Egypt.

Key words — Ultraviolet solar radiation, Global solar radiation, Atmospheric dust, Regression analysis.

1. Introduction

Measurements of ultraviolet radiation are taken at
Egypt for last few tears. Such type of solar radiation is
very important because of its biological effects on the
earth’s surface and the surrounding atmosphere. High
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doses of ultraviolet radiation, specially band B, causes
skin diseases, eye cataract, pigmentation, photo-decom-
position, degradation of materials and may also harm
crops (Som 1992). Inverse relation is known between the
ozone density in the atmosphere and the amount of UV
reaching the earth’s surface. From this point of view, the
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Fig. 1. Monthly average daily distribution of global solar radiation G
(MJ/m?) and the annual average

UV radiation is highly affected by the ozone which is
destroyed by pollutants such as freon refrigerants, spray
and atomic bomb tests (Elhadidy er al. 1990; Fiester and
Grasnick 1992).

In Egypt, measurements of global solar radiation
began 1956 at Cairo and 1980 at Aswan. The ultraviolet
measurements at Cairo and Aswan were added in 1990
(Mosalam Shaltout er al. 1994) using an Epply radiometer
which is sensitive to radiation in the wavelength band
295-385 nm (Wilson 1995).
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Fig. 2. Monthly average daily measured distribution of Ultra-violet

solar radiation, UV (MJ/m®) and the annual average

In the present paper, a correlation between the
ultraviolet radiation UV and the global solar radiation G at
Cairo (13°15°N, 31°17°E) and Aswan (23°58°N, 32°47°E)
are investigated. The dependence of the ultraviolét on the
atmospheric dust is also studied. The choice of Cairo and
Aswan sites was due to two reasons. First: Cairo
represents the typical weather conditions of lower Egypt
while Aswan represents such conditions at upper Egypt.
Second: the ultraviolet radiation data are available for
three successive years (1990-92) only for these stations.
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TABLE 1

Monthly average daily values of global and Ultraviolet solar radiation in MJ/m’ day beside the
calculated values of the percentage (UV/G), at both Cairo and Aswan

Cairo Aswan
Month
G UV  (UV/G)x 100 G Uv  (UV/G) x 100

Jan 9.95 0.268 2.67 16.08 0.599 373
Feb 12.8 0.389 2.80 19.65 0.704 3.58
Mar 17.63 0.524 297 2252 0.798 3.70
Apr 21.26 0.617 2.90 24.84 0.837 3.37
May 24.1 0.734 3.04 25.89 0.875 3.38
Jun 26.09 0.838 3.21 27.84 0.948 341
Jul 2531 0.816 322 27.05 0.920 3.40
Aug 23.11 0.713 3.(};9 26.01 0.889 342
Sep 20.02 0.593 2.96 23.29 0.777 334
Oct 16.10 0.469 291 19.84 0.652 3.30
Nov 11.46 0.327 2.85 17.35 0.588 3.39
Dec 9.42 0.272 2.88 14.82 0.484 3.26
Mean 18.01 0.55 3.05 221 0.71 321

2. Results and discussion

Data on the daily global and ultraviolet solar
radiation (G and UV) at Cairo and Aswan were collected
over a period of three years, namely 1990, 1991 and 1992.
Average monthly data besides the annual mean values, are
illustrated Figs. land 2 for Cairo and Aswan respectively.

The monthly average daily values for both G and UV
at Cairo and Aswan besides the daily variation of UV/G
ratio are presented in Table 1. From Table 1, it is clear
that the annual daily mean of global solar radiation is
18.01 MJ/m’ for Cairo and 22.1 MJ/m* for Aswan. With
respect to UV, the corresponding values were 0.55 MJ/m?
and 0.71 MJ/m?, for Cairo and Aswan respectively. It can
also be seen that an average drop is 65% and 68%
between the highest values of both G and UV (mainly in
June) and the lower values (mainly in January) at Cairo.
At Aswan the corresponding drop is 47% for both G and
UV average daily values. The large drop in Cairo may be
due to the high pollution potential in the plateau region of
Cairo city and the stability of the ozone layer during the
last three years (Mosalam Shaltout et al. 1994). During the
three year period of measurements, the highest recorded
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Months

Fig. 3. Monthly variation of UV/G ratio for both Cairo and Aswan as
compared with UV/G for Kuwait, Dhahran and Makkah

hourly ultraviolet radiation at Cairo was 1.11 MJ/m? in 4
July 1990 and 1.15 MJ/m® on 3 June 1990 at Aswan.
Referring to the ratio (UV/G), see Table 1, it was found
that the (UV/G) percentage is higher in summer as
compared with winter for Cairo, while Aswan shows the
inverse conditions.
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Fig. 4. Correlation between global and ultraviolet solar radiation

TABLE2

Calculated values for the percentage decrease in the reccived total daily G and UV solar radiation
due to the effect of dust

Cairo Aswan

Date % Reduction Date % Reduction

uv G uv G

05/Mar 1990 * 44 58 21/Dec 1990 * 57 63
22/Mar 1990 31/Dec 1990

18/Mar 1991* 20 20 17/Apr 1991* 39 37
27/Mar 1991 07/Apr 1991

22/Apr 1992 * 63 32 31/May 199] * 49 28
08/Apr 1992 16/May 1991

N N N 26/Mar 1992 * 57 62
14/Mar 1992

N N N 24/Apr 1992 * 26 14
22/Apr 1992

N N N 24/May 1992 * 29 28
18/May 1992

Mean 42 39 Mean 43 39

N- Not available,

* - Dusty day
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Fig. 5. Average daily distribution for both global and ultra-violet solar
radiation components at Al-Arish

To study the effect of atmospheric dust on both
global and ultraviolet solar radiation, we scanned the
dusty days through the three year period for both Cairo
and Aswan. Only three days were available for Cairo
while at Aswan six days were available. During the same
period of years, from 1990 to 1992, an equal number of
dust free days were chosen. The chosen dust free days
were in the same year and month of the dusty one. It is of
value to note here that the dusty days were chosen with
visibility less than 10 km, while dust free days has a
visibility of more than 20 km (Sami and Al-Aruri, 1990).
Under this choice, percentage of reduction in the received
G and UV components were calculated and listed in Table
2. From Table 2, one can notice that the mean percent
reduction in the received UV radiation is higher than such
reduction in the global solar radiation at both Cairo and
Aswan. This agrees with the conclusion, that the UV
component of solar radiation is subject to the greatest
atmospheric scattering obeying the well-known Rayleigh
scattering process (Sami and Al-Aruri, 1990)

Fig. 3 shows the monthly variation of the ratio UV/G
for Cairo and Aswan as compared with three sites in the
Arabian peninsula [Kuwait city in Kuwait (Al-Aruri er al.
1988; Dahran and Makkah in Saudi Arabia- Elhadidy et
al. 1990 and Khogali & Al-Bar, 1992)]. From this figure
we can deduce the following: -

(a) Inall sites the ratio UV/G ranged between 2.7%
and 4.9%

(b) Cairo ratio during the most months of the year
is the lowest relative to the all other sites, due
to the high air pollution in Cairo city produced
by traffic and industrial activities, specially the
surface ozone.

(¢) Aswan ratio and its monthly variation is close to
that of Dahran in Saudi Arabia.

(d) Kuwait ratio during the most of the months of
the year is the highest relative to all other sites.
It is possibly due to the effect of Irag-Iran war
during 1980’s on the stratosphere of Kuwait,
where UV measurements in Kuwait is
performed from July 1985 to June 1987 during
the war.

2.1. Correlation between G and UV solar radiation

Many types of correlation were tried to find out the
best fit between G and UV data. It was found that the data
are going good with the best linear fit in the form

UV=aGt b (1

Where a and b are regression coefficients which
depend on the weather parameters of the location. Data
has been processed using an advanced computer program
and the obtained values for @ and b were: 0.033, — 0.055
for Cairo and 0.035, — 0.011 for Aswan. The obtained
values for the correlation coefficient, R, were 0.98 and
0.91 for Cairo and Aswan respectively. The correlation
coefficients show that the data trend is towards the best
linear fit correlation. Fig. 4 shows the best linear fit
diagrams between G and UV taken through three-year
period of data at Cairo and Aswan. The correlation
equations investigated were as the following :

UV =0.033G - 0.055; R=0.98 (for Cairo, lower Egypt)
(2

and

UV=0.035G-0.011; R =0.91 (for Aswan, upper Egypt)
(3)

To test the applicability of our correlation, data of
average daily global solar radiation were substituted in
Equation (2) to calculate the corresponding values of
ultraviolet component of solar radiation at Al-Arish site
(31° 50N, 33° 04 E), in Lower Egypt site.
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The global solar radiation data used were averaged
from daily measured values during the five-year period
from_1985-89 at Al-Arish. The average daily distribution
for both measured values of G and calculated values of
UV at Al-Arish are shown in Fig. 5.

3. Conclusions

It can be concluded that, there is a gradual decrease
in UV radiation falling at the ground level over Egypt
especially at Cairo. This decrease is due to the absorption
and scattering of UV by air pollutants, mainly the surface
ozone. The disadvantage of the data comes from the fact
that, the considered period of analysis is short. We can
conclude that the correlation equations (2) and (3) can be
used to calculate the UV radiation from the available
global insulation in the plateau regions of Lower and
Upper Egypt. It can also be concluded that, the
atmospheric dust has a measurable effect in both global
and ultraviolet solar radiation over Egypt.
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