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ABSTRACT 

The daily incoming solar radiation and the reflected 
radiation from sea surface off Alexandria coast are 
estimated using an empirical formulae. The total !~omi~~ 
radiation by clear sky varied betwee~2296 _~ ca~ cm day 
(during winter) and 892 gm cal cm day (durIng summer). 
The daily incoming solar and sky radiation slightly 
decreased from that radiation by clear sky due to the 
influence of clouds. The amounts of these radiations

-2 -1
oscillate between 181 and 892 gm cal cm day • 

The daily reflected radiation by clear sky changed from 
2about 36 to 56 gm cal cm- day-1. The presence of clouds 

reduces the amount of insolation and hence reduces the 
amount of reflected radiation from sea surface. The'minimum-2 -1 
reflected solar and sky radiation is 24 gm cal cm 1 day 

-2 ­
whi le the maxinun value is about 56 gm cal cm day 

INTRODUCTION 

The only important heat source is s~lar radiation, which 
reaches the sea surface in the form of direct solar 
radiation and diffused sky radiation. Observations conducted 
over a period of years indicate that the solar radiation 
dose not change appreciably from year to year and varies 
only with lat1tude and season. In addition, the insolation 
differs locally, it depends on the altitude of the sun and 
on the length of the dar from sunrise to sunset. The 
knowledge of the amount of ncoming solar radiation and its 
reflection from sea surface is necessary and very important
in calculation the heat balance terms for any region and 
also in some biological stUdies. 

Laevastu (1960) derived an empirical formulae for the 
computation of insolation and its reflected amount from sea 
surface on a daily basis using the 102 fUll-day radiation 
measurements made on board USS "Rehobot" (U.S. Navy 
"rdrograPhic Office,1955) at different latitudes and during
d fferent seasons. 

The reflection of the diffused sky radiation, having an 
average value of 6 % is taken for the whole day accordinq 
to Ahmad (1982). 



There are no any measurements of these incoming and 

r~rl~ot~~ rl~11tl~~ rrOM ~~~ ~~fr~u~ ~rr ftl~~1~~rl1 [J mill 
a comparison between these weasuremente and the calculated 
values and to derive their empirical formulae for the 
investigated area. Thus, in this study, I try to do a simple 
attempt to calculate the amount of incoming solar radiation 
and its reflected value from sea surface off Alexandria 
coast using the perfect known empiric~l formulae. This 
attempt is very effective and useful for computation of the 
heat bUdget for the coastal waters off Alexandria and may be 
used in biological and other studies later. 

DATA AND METHODS 

To calculate the daily incoming solar radiation off 
Alexandria coast, the amount of clouds is only needed. The 
cloud data were obtained from the meteorological station 
located at Rait Bey. Only one year cloud data (1977) were 
taken to compute the amount of insolation with varying 
cloudiness. 

The astronomical parameters for Alexandria (Kait Bey) 
such as solar declination, astronomical daylength and solar 
altitude ~re calculated using Page (1986)'8 equations. The 
total incoming radiation and the reflected radiation from 
sea surface are estimated using Laevastu (1960)'. formulae. 
These equations may be writt0n as follows: 

1) Basic equations needed to predict the solar declination, 
day length and solar altitude: 

J' - 3600 J/365.25 

J is the number of the day in the year measured from noon on
 
the 31 st Decembp.r.
 
J' 1s lhe day angle (ct~gce~s).
 

= &in- 1 (0.3978 sin(J'-BO.2° t 1.92° sjn(J··~.HOn1)1 

is the solar declination (degrees). 

tan 

t d is the astronomical daylength (hours). 
is the latitude of the 8lte. (=31.2 0 for Alexandria) 

w - 15(t-12) 

w is the solar hour angle (degrees).
 
t Is the loc~l apparent (solar) time (hours).
 

A - 8in-1 (sin sin + cos w cos cos 

A is the Bolar altitde (degrees). 

II) Empirical formulae used for estimating the total 
incoming radiation and the reflected radiation from sea 
surface: 
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a- Total incoming radiation by clear sky (Oos): 

The formula used for determining incident radiation per 
24 hours with a clear sky is written aB: 

Qos : K An t d {g cal cm- 2 (24 h)-I) 

K is the proportionality factor = 0.014
 
An is the noon altitude of the sun (degrees).
 
t d is the length of the day from sunrise to sunset
 
(minutes).
 

The abov~ formula is valid up ts about 750 of the noon 
altitude of the sun. Above this altitude, the formula 
becomes: 

b- Total incoming solar and sky radiation (Qs): 

The influence of cloudiness or. insolation can be 
represented by the follQwing formula: 

Qs & Qos (1-0.0006. CJ ) 

c is the cloudiness {in tenth of the sky). 

The results of using the above formuiae gives insolation 
values which may vary on an average ± 10 \ from the measured 
values. 

c- Reflect lon back from the sea surface (Qr>: 

The amount of daily reflected radiation (Qr) is computed 
flom the daily insolation (Qs ) by the formula: 

Qr - 0.15 Q - (0.01 Q
5 

)2 (9 cal cm- 2 (24 h)-I)s 

RESULTS AND DISCUSSION 

1) Astronomical parametersJ 
i- Solar declination: 

So!~r declination is a main astronomical parameter which 
used to determine the astronomical daylength and the 
~ltitude of the sun. From these determination the amount of 
insolation can be calculated. 

Figure. 1 showe the ~aily Bolar declination for 
AleX(~lIdri6 (Kalt Bey). At IS of .January the sun is located 
south or the eauator (negative decl nation) and moves 
northw~rd. At 21St of March it crosses the equator to the 
north ~nd the declin~tion becomes positive and increases to 
reach a maximum value during the periods of 20, 21 and 22 
uf June. Then the sun starts to move ~outhward and crosses 
the equator again to the south at 23 r of september. The 
deClination continues to decrease to reach a minimum value 
at times of 21, 22 and 23 of December. 
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The daily solar declination for Alexandria. 

ii- Astronomical daylength: 

Figure. 2 shows the astronomical daylength (hours) for 
Alexandria. The le~gth of the daylight period increases from 
10.01 hours at IS of January to reach a maximum period of 
14.03 hours during the period from 18 to 25 of June. Then 
the daylength begins to decrease gradually to reach a 
minimum time 9.97 hours through the period from 19 to 25 of 
December. 

ii1- Noon solar altitude: 

The noon solar altitude for Alexandria is shown in Fig. 
3. It increases from 35.79° at 1st of January to reach a 
maximum altitude 82.24 0 during the period of 19, 20 and 21 
of June. After this time, it decreases to reach a minimum 
value of 35.360 during the period of 21 and 22 of December. 

2) The insolation: 

Figure. 4 shows the daily incoming radiation by clear sky 
(Qos). The general pattern of this Fi9. is similar to that 
of Fig. 2 and Fig. 3 because the 1ncoming radiation, as 
mentioned before, is a function on both daylength and noon 
altitude of the sun. ~he tottl inci~ent rad1ation increases 
from 301.08 g cal cm- day- at IS , of January to reach a 
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The total IncomIng radiation by clear sky.
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maximum amount of 892.32 g cal cm- 2 day-l at 21st of Jun!~ 
Then it decreases to reach a minimum one 296.16 g c~l cmlday- at 22 of December. 

Figure. 5 shows the curve of daily incoming solar and sky 
radiation (Os). The oscillatory feature of this curve is due 
to the variability in the amount of clouds. It is known that 
the clouds both absorb and reflect some of the incident 
solar radiation. Thus, presence of cloud leads to reduce the 
amount of radiation received from the sun. So, the general 
pattern of Fig. 5 is nearly the same as that of Fig. 4 but 
with slightly lower values. The following Table 1 shows, as 
anteXample'ththe amounts of incident radiation 008 and 00 at 
IS and 15 days of each month with different amount of 
clouds. 

Figure. 6 shows a daily amount of clouds off Alexandria 
coast for the year 1977. 

~ow, the calculated daily incident radiation Os (g cal 
cm-) was divided by the length of the day t d (in minutes) 
and plotted on the abscissa with the noon al~itude of the 
sun An as ordinates with different cloudiness (0, 2.5, 5.0 & 
7.5) as shown in Fig. 7. The average daily incident 
radiation increases with increasing the noon solar altitude 
until an altitude of about 750 • Above this altitude the 
average daily incident radiation is constant. 

To study the role of cloudiness on insolation at the same 
conditions of daylength and noon solar altitude, the amount 
of clouds is considered a constant (from 0 to 10) overall 
the year. Fi~. 8 shows the total incoming radiation with 
constant cloud1ness (0, 2, 4, 6, 8 & 10) only for one month 
(January). The insolation decreases with increasing 
cloudiness. The ciiffpr",nce bet;.',:;:n the' Jllsol"t.ion curves 
with cloudinc~s 0 & 2 is very small. This difference 
incre~ses slightly with increasing cloudiness. The maximum 
diffeno>w'p ()("'urT~'d between illsolation curves with 
cloudin(""s 8 ;'Inr'! 10. 

3) Reflected radiation from sea surface: 
The daily reflected radiation from sea surface off 

Alexandria coast by clear sky is shown in Fig. 9. T~! 
reflicted r@diation (Qor) increases from 36.10 g cal cm 
dal- at is of January to reach a maximum value 56.25 g cal 
cm 2 day- at 17 and 18 ~f April. Then it slightly decreases 
to about 54.22 g cal cm- day- at 21 and 22 of June. Follow 
that an increase of (Oar) to a second maximum value 56.'~ 0 
cal cm- 2 day-l at 25 and 26 of August. From this situation 
the reflected radiation st~rts to decrease to reach a 
minimum value 35.65 g cal cm- day- at 22 of December. 

Figure. 10 shows the daily reflected radiation from sea 
surface (Or) by considering the influence of cloudiness on 
insolation. The main feature of this Fig. is similar to that 
of Fig. 9. The oscillation pattern in Fig. 10 is due to the 
cloud variations. Table 1 shows some of reflected radiation 
(Or) with different amount of clouds. 
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The total incoming solar and sky radiation. 
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Average daily incident radiation at dIfferent noon 
altitudes of the sun (cloudiness 0, 2.5, 5.0 & 7.5). 
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The reflected radlation without cloudiness. 
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The reflected radiation with cloudiness.
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Table 1. 

The amount of insolation and reflected 
1stradiation at . 15th days of each month with 

different cloudiness off Alexandria coast. 

Day C Qos Qs 
Qr 

1 
15 

8.7 
5.0 

301.08 
322.57 

182.12 
298.38 

24.00 
35.85 

32 
46 

6.2 
2.5 

369.97 
424.17 

317.06 
420.19 

37.51 
45.37 

60 
74 

3.7 
3.7 

489.33 
562.56 

474.46 
545.46 

48.66 
52.07 

91 
105 

2.5 
2.5 

657.67 
736.79 

651.51 
729.88 

55.28 
26.21 

121 
135 

1.2 
0.0 

822.13 
864.43 

821.28 
86!>.43 

55.74 
54.94 

152 
166 

3.7 
1.2 

883.61 
891.47 

856.75 
890.55 

55.11 
54.27 

182 
196 

3.7 
1.2 

890.26 
880.51 

863.21 
879.60 

54.97 
54.57 

213 
227 

1.2 
0.0 

859.72 
806.12 

858.83 
806.12 

55.07 
55.94 

244 
258 

5.0 
6.2 

714.84 
636.58 

661.22 
545.55 

55.46 
52.07 

274 
288 

5.0 
5.0 

549.10 
478.01 

507.92 
442.16 

50.39 
46.77 

305 
319 

6.2 
3.7 

403.03 
353.89 

345.40 
343.13 

39.88 
39.70 

335 
349 

3.7 
7.5 

314.99 
298.17 

305.42 
222.69 

36.48 
28.44 
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CONCLUSION 

Laevastu (1960) equations are used to calculate the 

L~~unls ot Jally incoming solar raJlallon anJ lls rej!ec~eJ 
value from sea surface off Alexandria coast. These 
calculations give a good idea about the daily variations of 
these two parameters due to the lag in the1r measurements. 
The result of this estimation showed that: 

The total incoming radiation by clear sky increas~s froT 
winter to summer. Thetmaximum amount 892.32 g cal cm- day­
is calculated at 21s of June. The minimum value 296.16 9 
cal cm- 2 day-1 is occurred at 22 of December. 

The total incoming solar and sky radiation oscillate 
with slightly lower values from that by clear sky due to the 
effecti~e inflyence of clouds. The maximum value 892.01 g 
cal cm- day- is es~imate~ at 25 of June 1977. The minimum 
one 180.75 g cal cm- day- is calculated at 14 of December 
1977 . 

The daiiy reflected 2adiati~n by clear sky has a maximum 
value 56.25 9 cal cm- day- calculated at two different 
times 17 & 18 of A~ril a~d 25 & 26 of August. The minimum 
value 35.65 g cal cm- day- is occurred at 22 of December. 

. The presence of clouds reduces the amount of insolation 
and hence reduces the amount of reflected radiation from sea 
sur!ice . The maximum reflected radiation 56.25 9 cal cm-2 
day occurred at 18 of May ~nd at 15 of August 1977. The 
minimum value 24.00 9 cal cm- day~ is calculated at 1st 
of January 1977. 

REFERENCES 

Ahmad F. 1982. Heat exchange processes at the water surface in the Eastern Irish 
Sea. Pak. J. SCi. Ind. Res •• 25: 192·197. 

leavastu T. 1960. Factors affecting the temperature of the surface layer of the 
sea. Societas SCientia~ Fennica. Commantationes Phsico-Mathematicae XXV 1, 
Helsinki. 135 p. 

Page J.K •• 1986. Solar radiation R&D in the European ca.-unity. Series F Volume 
3. Solar radiation data, Prediction of solar radiation on inclined surfaces, 
D. Reidel, Publishing company. 

128 

I I' II !I r 




