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ABSTRACT.

The aim of this study is to obtain a nonlinear equation for computation of the monthly solar

radiation for any latitude of any place in Egypt, when the recording solar instruments are not available. This equation
allows to estimate the monthly values of the Global Solar Radiation for any latitude in Egypt with deviation from the
published data (in the world net work), for any month, of about +7%.
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1. Introduction

The estimation of Global Solar Radiation (GSR) at a
site is important for a large variety of applications, as the
proper design of the solar systems, agriculture, hydrology,
architecture, urban planning and many other projects
[Khogali er al., 1983, Atlas Arab Organization (1976)].

In many of the developing countries, as well as
Egypt, the lack of the solar recording instruments is a
barrier for many of the projects. Therefore, many of the
projects have to depend, for determination of GSR, on the
data published in the World Net Work (WNW). Actually,
some projects can not be established in some sites because
of the lack of the GSR data, even in the WNW. Therefore,
this work is aiming to obtain a nonlinear equation of the
fourth order for estimating the GSR with a higher
accuracy than that obtained before by the author (Tadros,
1990) for second and third order of latitude. It was found
that the published data with deviation of about +7% is
77.6% for the linear equation (Tadros, 1990; Helwa et al.,
1988). The coincidence is about 86.4% and 87.6% for the
equations of second and third order of latitude
respectively.

The analysis of the global cloud fields show that the
amounts of the clouds in the range of latitudes from 20°N
to 30°N and longitudes from 20°E to 30°E are very small
(Matveev and Titov, 1985; Matveev et al., 1986).

(75)

Therefore, it is possible to consider that the amounts of
GSR are not much affected by the amounts of clouds in
that region (Egypt territory) and can be considered as a
function of latitude only.

2. Data base and method

The available daily Solar Radiation Data (SRD), in
the period from 1981 to 1986 for different 9 stations
related to different regions in Egypt, (7 stations of them
were used to obtain the coefficients of the equation and
the other 2 stations were used as a test for the equation),
were published in the Solar Radiation and Radiation
Balance Data (World Net Work 1981-87). Tadros and
Shaltout (1990) applied Fourier analysis on 8 stations of
these data and obtained the Typical Annual Time Function
(TATEF) for these different regions.

The suggested method in this work consists of 3
stages:

(i) The first stage is to obtain the TATE, as
detailed  in (Helwa er al., 1988, Tadros and
Shaltout, 1990, Alberto and Recio, 1984,
Balling, 1983), from the averages of all the
available years, day by day, for each station.

Second stage is to obtain the average for each
month from TATF of each station.
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Fig. 1. Annual variation of daily solar radiation in El-Arish, 1986
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Fig. 2. Estimated representative equation for different stations

(éii) Third stage is applying the method of least For estimation the monthly average GSR, an
squares approximation (Kouremenos er al., equation is suggested in the following form:
1985, Georald and Wheatley, 1984) between
different latitudes and the corresponding Gu=A o+ A+ A 0+ Asy 0+ Agy 0* (1)
monthly average obtained from the second
stage to get the different monthly coefficients Where, Gy is the monthly average value of the
of the nonlinear equation. estimated GSR in MI/m? corresponding to the month M
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Fig. 3. Estimated solar radiation for Aswan
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Fig.4. Eslimated solar radiation for Cairo

( M is January, February, ............... ), 0 is the latitude in
radian. Agy, Ay Aav Aaw and Agy are the monthly
coefficients.

3. Results and discussion

Fourier analysis was applied, to the annual solar
radiation in the period 1981-86 and for different latitudes

in Egypt, to obtain the annual representative equation for
each year and the TATF for each station (Tadros and
Shaltout, 1990). Fig. 1 shows (as example) the published
data and the corresponding representative equation for El-
Arish station and for the year 1986. Fig. 2 shows the
TATF for 7 stations in Egypt as obtained by Tadros and
Shaltout (1990).
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TABLE 1
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TABLE 2

Comparison between monthly estimated and monthly

published data (MJ/m’ ) for Sidi -Barrani

1985 1986 1987
Month A om A Am Am A Month Estimated
value  Publi- Dev.  Publi- Dev. Publi- Dev.
Jan -138.4771  651.2980  401.6181 -4386.257 4371313 shed %  shed % shed %
Feb .261.4302 11029000  884.0037 -7630.252  7338.980 Jan 1151 1135 141 1152 -0.09 1122 258
Mar -177.9979 824.6924  575.8751 -5677.960 5617.165 Feb 1473 1381 666 1463 0.68 14.67 041
Apr 3117566 1316.2020 1064.8190 -9163.619  8901.320 Mar 1921 1887 180 1892 1.58 17.59 9.21
May  -154.0047 7033248  564.4840 -4831.505  4659.688 Apr 2430 2479 -1.61 2313 5.45 2169 295
Jun -169.7472 756.5549  614.3708 -5139.532  4935.850 May 2622 2444 128 2681 2.20 2482 5.64
Jul -305.0124  1278.0650 1084.5680 -8976.324 8699.503 Jun' 2889 2044 -1.87 2698 7.08 28.64 0.87
Aug 336.5925  1381.2460 1170.0420 -9552.691  9163.659 Jul 2887 2040 -1.80 28.09 278 2810 2.74
Sep 2757087 11441960 9619703 -7899.848  7562.862 Aug 2644 2617 103 2573 276 2578 2.56
Oct -100.0840 4755236 3738110 -3236.057 3064.172 Sep 2245 2250 -022 2143 476 =
Nov - 60.4486 368.7665  141.2527 -2423.100 2517.514 Oct 1650 1630 123 1540 7.14 17.19 -4.01
Dec 4.9595 111.7733 - 108.9469 - 519.251 688.670 Nov 1233 1253 -1.60 1116 10.48 1272 -3.07
Dec 1007 929 840 1038 -2.99 - --
Annual 2013 1991 110 1952 313 2044 -152
TABLE 3 TABLE 4
Comparison between monthly estimated and monthly (‘.oin.ciduuce perceniags |‘|f the puhlis_hcd SRD wi.“' Ut
published data (MJ /m* ) for EI -Arish estimated from equation (1) for different stations
Mot Estimated 1986 1087 Stations Location Total No. of Coincidence
value months months €+ 7%  percentage
Published  dev. % Published  dev. %
Aswan  Lat. 23°58'N, 60 60 100
Jan 11.39 12.82 -11.15 12.31 -1.47 Long. 32°47'E
Feb 14.54 15.26 - 471 15.70 -1.39 Kharga  Lat.25°27'N, 72 70 97.2
Mar 18.96 20.09 - 5.65 18.73 1.23 Long. 30° 32'E
Apr 2383 22.50 591 24.88 -4.22 Assiut Lat. 27°03' N. 60 57 05
May 2598 217 -6.24 26.94 -3.56 Long. 31°03'E
Jun 28.57 28.92 -1.21 28.80 -1.00 Cairo Lat. 30°05' N, 45 55 %
Jul 28.18 28.51 -1.16 28.01 0.61
Aug 25.86 26.18 1.22 25.58 1.09 Loag SIITE
Sep 22.06 171 161 il 023 Bahtim  Lat. 30°08'N, 72 66 91.7
Oct 16.58 684  -154 1613 279 i) AL IS
Nov 12.34 12.40 048 1323 673 Tahnr Lat. 30°39' N, 60 54 90
Dec 10.20 11.29 -9.65 9.96 241 Long. 30° 42°E
Matrouh  Lat. 31°20"N, 60 53 88.3
Annual 19.87 2035 236 20.20 -1.63 Long. 27° 13'E
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The application of the least square approximation
(Kouremenos er al., 1985, Georald and Wheatley, 1984)
correlating the menthly averages (obtained from TATF)
with the different latitudes, allows to obtain the monthly
coefficients as in Table 1.

Fig.3 for Aswan and Fig.4 for Cairo, as an example,
show the monthly average of the published data for
different years (dotted lines) and the monthly estimated
solar radiation according to equation (1) (marked solid
line).

Also, to illustrate the validity of equation (1), the
estimated solar radiation values for Sidi-Barrani of
latitude 31° 38° N (0.552 radian) and for El-Arish of
latitude 31° 16" N (0.5458 radian) are compared with the
published data for the available years. Tables 2 and 3 give
the estimated, published data and the deviation between
them.

From Table 3 one can see that the coincidence,
between the estimated values and the published data with
deviation of accuracy about + 7%, is about 91.2%. Also,
from Table 3 the coincidence is about 91.7%.

Table 4 shows the percentage of coincidence for the
real measured published monthly averages of SRD with
that estimated from equation (1), with deviation less than
+7%, for different 7 stations.

From Table 4 it is clear that all published measured
SRD for Aswan, occur within the accuracy + 7%.

Also, the deviation for all months is about + 7% for
Kharga except for two months. For December 1981, it is
-9% and for March 1985, it is 8%. This may be attributed
to dust storms in the western desert in Egypt.

For Assiut, there are three months with deviation
more than +7%. These months are February 1984
(-8.4%), December 1985 (8%) and November 1986
(8.8%).

Cairo has the lowermost coincidence percentage for
SRD, of some months for different years, from the
estimated values. Two months have deviations about 8.5%
(April and September 1986), and six months have
deviation about 10% (January 1985, 1986, March, May
and December 1985, October 1986). Also, three months
have about 11% (February 1984, 1985 and November
1986), one month has deviation about 13.5%
(January 1983), and the last one has deviation about 15%
(February 1982). Most of these months occur in the two
years, 1985 and 1986, in the winter, spring and autumn
seasons. This may be attributed to the increase of the

pollution in Cairo in all seasons, and due to Khamasin
wind in spring.

The pollution in Bahtim is lower than that in Cairo.
Therefore only 6 months have deviations more than + 7%.
These months are May 1985 with deviation 8.2%,
January, March 1981 and February 1982 have 10%.
December 1985 has 11% and February 1984 has —15%.

Tahrir has 6 months with deviations greater than
+ 7%. December 1983 and October 1986 have deviations
about 8% and February 1981 has -9.4%, December 1981
has —12.5%, January 1981 has —14% and February 1984
has deviation -16%.

For Mersa Matrouh there are 7 months with
deviations greater than + 7%. These months are April
1984, which has —8.1%, October and December 1983 have
-9.4%, October 1984 has —10.2%, April 1982 has 11.7%,
January 1983 has 16.3% and February 1984 has —18.8%.

3. Conclusion

The GSR can be estimated by using the suggested
nonlinear equation (1) and Table 1 in this work. From 514
months of different latitudes and years, in the period
1981-86, (stations of Sidi-Barrani in the period 1985-87
and El-Arish in 1986-87 were not used in determination of
the equation coefficients but used to verify the estimated
results of the nonlinear equation), there were 47 months
which have a deviation greater than + 7%, while the other
467 months have a deviation less than + 7%, which
indicates that the coincidence of the estimated values with
the published SRD for all latitudes and over all the given
period is about 90.8%. the large deviations noted are, in
most of the cases, due to prevailing sky conditions being
different from the normal conditions, due to natural and
man-made pollution and unusual clouding activity.

The suggested equation can be used for any latitude
in Egypt where cloud factor is not a dominant one. It is
also recommended to obtain other monthly coefficients if
data of a longer period is available. The presentation of a
large number of latitudes and years allow to obtain
different groups monthly coefficients depending on the
climatic solar radiation regime of different regions in

Egypt.
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