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ABSTRACT. Measurements of globati, diffuse,D, solar radiation on a horizontal surface and simestiuration,
n, at nine meteorological stations have been usezkamine the validity of some methods of the eseéngdbbal and
diffuse solar radiation. In order to improve theabed results, for prediction purposes, the ingastd area of Egypt
has been divided into five regions representedhieyriine selected stations (in cold and hot seasémsappropriate
regional parametek, of an empirical relation of Barbaet al has been determined for each region. The agréemen
between measurement and estimated values is rebf@arkédhe maximum possible error of estimated vahlless not
exceed 9.6%. It is seen that the modified formuleeg precise estimations for global solar radia@rany Egyptian
locality. Relation between the diffuse fractidWH, and the relative duration of sunshiméiN, are also determined for
each region. Good agreement between the measullegsimated values applying the obtained relati@ssbeen found.
Therefore, the relations are recommended for uaeatocation in Egypt. A comparative study for giebal and diffuse
solar radiation over different sites in Egypt hasito made.
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1. Introduction number of rainy days, sunshine hours and a factochw
depends on the latitude and geographical locatfotihe
The design of any solar energy conversion systemplace relative to the sea, in calculating the dadsal
requires the knowledge of solar radiation dataaioled radiation. Sayigh, 1977 derived his equation byngsi
over a long period of time. For many countriesséhdata  sunshine duration, relative humidity and tempegtur
are not available. Therefore, for locations wheemasured  Sabbaghet al, 1977related daily total solar radiation to
data are not available, empirical relations devetbjpy the sunshine duration, relative humidity, maximum
various investigators are used in estimating glodoad temperature, latitude, altitude and the locatiothefplace
diffuse solar radiation values using easily obthiea relative to the sea. Hoyt, 1978 developed a more
meteorological parameters such as sunshine durationcomplicated theoretical model to give the global
relative humidity, minimum and maximum temperature, irradiation falling on the earth’s surface. Climagical
cloud cover and geographical location. values of total precipitable water, turbidity andrface
albedo was required as the model inputs.
Swartman and Ogunlade, 1967 used the relative
humidity in addition to the sunshine hours in eksaing In Egypt, El-Shahawy, 1984 proposed a semi-
their formula. Reddy, 1971 suggested the use ef th empirical formula for estimating the global soladiation.

(511)
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This formula essentially requires: the latitude,n’su H = 4.9 )+ 10550 (sirh) #* 1)
declination, clouds amount and type and back siadte

He found good agreement between estimated and where,H andn are the monthly global solar radiation
measured values of global radiation on monthly daidiy (in cal cn®) and the monthly sunshine hours, respectively.
basis. El-Shazlyet al, 1998, studied the solar radiation h, is the noon altitude of the sun on the 15 oftfenth.
characteristics at Qena/ Upper Egypt. They used th

measurements of the hourly global and diffuse solar

radiation on a horizontal surface of Qena in theoge Barbaroet al, 1978 modified this formula to fit 31
from June 1992 to May 1993. They discussed theosehs Italian stations that they divided into three zones
and climatic effects on the fluctuation of the erfnt according to their climatological characteristicEhe
components of solar radiation. They found that ehes modified formula is ;

effects were particularly large during spring anthter

months owing to the high fluctuation of the atmasyih H = K(n)**(h)®*°+ 10550(sirh)**+ 300(sinh)® (2)
conditions with respect to cloud amounts, waterteat)
and concentration of aerosol dust particles. Taksp where,K = 8, 9.5, 11 for zone 1, zone 2 and zone 3

found that the relative reduction of global soladiation respectively. The computation dfl is based on the
by cloud over the whole period is around 4.5% duthé knowledge of the appropriate zone parameter and-lon
low degree of cloudiness in the study region. term averages of sunshine hours and altitude csuhe

Trabea and Shaltout, 2000 related the measurements _ Relation (2) which was proposed for high latitudes
of global solar radiation with five meteorological (35° - 65 N) was tested by Khogali, 1983 for low
parameters namely: maximum air temperature, relativ latitudes (4 - 19 N) and has been found applicable with a
humidity, atmospheric pressure, vapor pressurehaus ~ good degree of accuracy provided that the paranheter

of bright sunshine at five selected locations oligypt. ~ appropriately adjusted.
They found that the values of correlation coeffitse ) o )
between the global radiation and the mentioned five The diffuse solar radiation could be estimatedtigy t

meteorological parameters vary from 89% to 99%thed  Widely used empirical formula, which was developisd
errors of estimation are between 0.01 and 0.04wBhar ~ Page, 1961

and Taha, 2000 used the induced empirical formtdae

estimate the diffuse radiation as a function obglcsolar D/H = 1-1.1Xy (3)
radiation over the Eastern Arab Region. They fothmat
the used formulae are available for regular obsenvdor
a long time at sufficient number of stations lodaia
different climatic regions.

WhereD is the monthly average of the daily diffuse
solar radiation,H is the monthly average of the daily
global solar radiation and the ratid; = H/Hq is the
clearness index. The extraterrestrial solar ramhiat is

. .. obtained from Duffie and Beckman, 1974;
Although Egypt is a vast country, the number of its

meteorological stations that measure the solaratiadi 24 3600

components are only a few. Therefore, the mainativie Hq =—15+0.033cos——)

of this paper is to establish simple model to estinthe T 365 4)
monthly mean daily global and diffuse solar radiatand (cos¢ cosdsinw+£wsin¢sin5)

hence direct solar radiation. An empirical relatioh

Barbaro et al, 1978 is very suitable to estimate the

components of solar radiation at any time and local Where the solar constaht= 1369 + 7 Wnf, n’is
Egypt where there are no measured data of solatima ~ the day number (starting 1 Januany)is the sunrise hour
components or there are instrumental and othdcudlifies angle,¢ is the latitude and is the sun declination.
encountered in measuring components of solar iadiat L )
Computations have been made to illustrate that the  Another commonly used relation is due to Liu and
proposed relation gives precise estimations of rsola J0rdan, 1960 and developed by Klein, 1977 to téke t

radiation components than other methods. orm .

- _ 2 _ 3

The direct beam component is estimated from the
Sivkov, 1964 proposed original empirical relation t  re|ation:
estimate the monthly mean global solar radiatiornthat
latitudes from 35to 65 N in the form : | sinh=H-D (6)
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TABLE 1

Coordinates of the Egyptian radiation measurements network and the radiation
components measur ed together with the date of commencement of recording

Station Latitude Longitude Elevat Measurements Date of
°N °E (m) H D I S commencement
of records

Sidi-Barrani 31° 38 25° 24 27 X X - X 1984
Matruh 31° 20 27° 13 38 X X - X 1961 (1981)
El-Arich 31° 08 33 49 32 X X - X 1980

Tabhrir 30° 39 30° 42 16 X X - X 1960 (1981)
Bahtim 30° 08 31° 15 17 X - - X 1969

Cairo 30° 05 31° 17 36 X X X X 1969 (1974)
Asyut 27° 03 31° 0T 52 X - - X 1979
El-Kharga 250 97 30 32 78 X - X 1964 (1981)
Aswan 23 58 3 47 192 X X - X 1972 (1981)

*The year in brackets indicates the data of comraement of diffuse and/or direct solar radiation
recordsH is the global solar radiatiol is the diffuse solar radiatiohjs the direct solar radiation,

andSis the sunshine duration.

Where the product, sin h, is the average horizontal TABLE 2

beam component.

Although, there are many good formulae to estimate

Regionsof Egypt and their represented stationswith the
values of the parameter, K

global solar radiation in Egypt, as mentioned abdke Regional parameteK
empirical relation (2) of Barbaret al 1978 has been Region Represented ™™ _ "™ 7 |
chosen to estimate global solar radiation in Edgptthe stations season season year
following reasons : Region 1 o _

Northern Eqypt f/lld:Br? e 124 146 137
(i) This formula has been applied for differenttlates & Mediterranean EfArrlijch ' ' '
(such as Italy, Yemen and Sudan) to estimate glehiar coast
radiation. It has been found that it gives bet&tineates of E;?V'gr”é Ce Tahir
solar radiation compared to other methods. Delta op Bahtim 123 151  13.9

Cairo

(i) This formula is independent of meteorological Region3
parameters such as the relative humidity, minimurd a  Middle Egypt Asyut 143 168 158
maximum temperature, cloud cover and other parasiete  Region 4

It requires only hours of sunshine and minimum agti

Western desert El-Kharga 115 145 13.3

depth of the persisting air mass as input parameter Regions

Therefore, this formula is very suitable to be &glile at
any locality especially in the absence meteoroklgic
stations and lack of measured data of solar radiati

components.

3. Resultsand discussion

Upper Egypt Aswan 135 16.5 15.3
All Egypt — 12.8 155 14.4

type of measured radiation at each station andldte of
commencement of records. In order to predict alaind
diffuse radiation with greater accuracy, the yeas been
divided into two seasons, cold season (October to

In this study, all stations in Egypt that measwiis ~ February) and hot season (March to September). The
radiation have been used. Table 1 gives a lishefrine  investigated area has been divided into five region
selected stations and their coordinates iitiaddo the ~ &ccording to the distribution of network e&diation
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TABLE 3

Theregional values of the parameter K, sunshine hoursn, the noon altitude of the sun h, in addition to oneyear (1995) measured H,, and
estimated H.values of monthly mean global radiation (MJ/m2.day) and their percentageerror, e, at the different stations

Region & J F M A M J J A S o) N D
station
Region 1
K 124 124 146 146 146 146 146 146 146 124 124 124
n 70 71 84 90 96 117 124 117 100 94 74 65
Sidi-Barrani  h 366 448 553 674 765 802 781 714 612 499 399 349
He 11.8 144 192 22,7 244 280 284 267 234 177 132 109
Hum 108 136 196 229 250 281 289 270 236 186 128 104
e 93 59 20 09 24 04 17 11 08 48 31 -48
, K 124 124 146 146 146 146 146 146 146 124 124 124
El-Arich n 67 69 85 95 102 126 120 109 94 85 74 6.1
h 374 457 567 666 775 815 794 725 619 505 405 356
He 11.6 144 196 233 253 293 280 257 222 168 133 105
Hum 108 140 198 235 256 297 284 260 226 168 128 100
e 74 29 10 09 12 14 14 12 18 00 -39 50
Matruh K 124 124 146 146 146 146 146 146 146 124 124 124
atru n 67 76 81 90 110 127 129 117 102 94 75 6.0
h 36.1 440 544 664 749 779 757 699 605 497 399 347
He 114 148 186 226 262 292 289 265 231 177 133 102
Hum 104 140 195 231 269 297 297 268 233 178 130 98
e 96 57 46 22 26 17 27 11 09 06 23 -41
Region 2
K 123 123 151 151 151 151 151 151 151 123 123 123
Tahrir n 72 714 83 96 100 122 120 111 102 87 71 6.2
h 37.4 455 560 681 771 805 783 720 620 508 409 358
He 122 145 195 240 254 291 283 264 238 170 130 106
Hum 114 141 202 250 259 299 286 267 247 178 132 102
e 70 28 35 40 19 27 10 11 36 45 15 -39
Bahtim K 123 123 151 151 151 151 151 151 151 123 123 123
n 714 74 83 98 102 119 119 111 101 87 79 6.0
h 380 461 567 688 777 8L1 790 726 626 514 414 36.4
He 122 150 197 244 257 288 282 265 237 172 141 105
Hum 112 139 199 246 260 294 284 269 247 170 137 101
Cairo e 89 79 10 08 12 20 07 15 40 -12 29 -40
K 123 123 151 151 151 151 151 151 151 123 123 123
n 61 67 74 82 90 110 118 101 90 81 67 55
h 381 462 667 688 778 8L2 790 727 626 514 415 36.4
He 11.0 143 204 222 241 275 281 251 222 165 127 100
Hum 102 133 193 229 240 279 273 250 218 162 124 97
e 78 75 57 31 04 14 -29 -04 -18 -19 24 -31
Region 3
K 143 143 168 168 168 168 168 168 168 143 143 143
n 94 96 96 108 109 122 118 118 108 99 96 83
h 381 462 567 688 778 8L2 790 727 626 514 415 36.4
El-Kharga  Hc 16.6 192 228 272 281 308 296 291 262 202 17.7 147
Hum 158 184 230 279 285 309 302 292 271 204 169 138
e 51 -43 09 25 14 03 20 03 33 10 -47 -85
Region 4
K 115 115 145 145 145 145 145 145 145 115 115 115
n 89 95 98 108 115 127 127 121 109 99 89 7.7
Asyut h 41.0 491 596 716 803 830 809 752 655 544 445 304
He 145 177 220 258 272 294 289 276 249 187 154 127
Hum 144 180 219 264 274 301 288 268 241 193 153 126
e 07 17 05 23 07 23 -03 -30 -33 31 -07 -08
Region 5
K 135 135 165 165 165 165 165 165 165 135 135 135
n 101 103 105 108 110 122 124 116 104 97 92 90
h 443 525 630 750 838 856 838 787 689 576 476 426
Aswan Hc 183 211 252 278 284 306 305 290 264 207 180 16.4
Hm 182 214 257 283 286 308 306 296 275 214 181 157
e 05 14 19 18 07 07 03 20 40 33 06 -45
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stations. The divided regions and its representations At urban area of Cairo, the method overestimates th
are given in Table 2. Both region 1 and regionr@ a global radiation all the year round except durimgp t
represented by three stations while the other nsgare months of April and June. This can readily be eixgld

represented by one station only. on the basis that pollutants and aerosols are high
Cairo’s atmosphere during most months of the year
3.1. Computation of diffuse solar radiation causing a reduction of global radiation. This fadsoalso

not considered in the estimation procedure.

The monthly mean daily values of measured global
radiation, Hm, and sunshine hours), of the five years The southern region has minimum error of
(1985 to 1989) in addition th values for nine stations estimation since this region is characterized gy gtable
have been obtained from the Egyptian Meteorological Weather and cloud free skies.
Authority. The data of each region, representedthsy

concerned stations, have been studied and analsieg 3.2. Comparison between the current modified
the advanced computer programs and applying an formula (2) and EI-Shahawy’s formula (7)
empirical relation of Barbaret al, 1978 to obtain the

regional values of the parametér The results are given El-Shahawy, 1984 proposed a semi-empirical
in Table 2. formula for estimating the global solar radiatidf, in

Egypt as follows;

Verification of the obtained regional values oé th - , o 1
parameter, K, was carried out by estimating global H=A Q[1+2af)(1-sin(@-0)-fh] cal.cm*day™ (7)
radiation using measured data roffor the year 1995 at
each of the selected station. The calculated daggobal
radiation,H, are presented in Table 3 where a comparison
with measurementsH,,, of the same year, 1995, is

Where Q is the mean daily values of cloudiness
coefficient,A = J, d/h, J, is the solar constani(is taken
here as 1396 W), d = 8coS'(- tan ¢ tan 3) minutes,

also given. The relative percentage errors defiaed: 1 = (72+5-0) radians,3 is the sun declination aral is
H -H the surface albedgis the latitude andl = sin(0.2)+0.1.
e= —"—CLx10Q, are also given in the same table.
m El-Shahawy used his formula to estimate the

monthly mean global solar radiation for the year8 @t
The agreement between experimental and estimatedour selected stations in Egypt namely Matruh, Trahr

values is remarkable especially for non-cloudy rhent Bahtim and El-Kharga. His results are given in Eabl
(May to August) at all stations whereas the posséstor where he compared his results with the correspgndin
of estimated valuesg, does not exceed 3% (Table 3). measured value$],, at Matruh and El-Kharga. He found
Also, good agreement between measured and estimatedood agreement between the estimated and measured
values has been found at both middle and soutlegjinns values of global radiation.
whereas the maximum error of estimated valuesusdo
3.3% and 4.5% for two regions respectively. The In the present study, the previous results of El-
maximum error is found 9.6%, 8.9 % and 6.5 % fa th Shahawy formula (7) have been compared with the
northern, Lower Egypt and Delta and western desertcorresponding estimated values applying the current
regions respectively. For different cloudy corafi§ the modified formula (2) to show the merits of the two
maximum error of the estimated values is typicall§%. formulae. Therefore, The corresponding valueslobal
It is concluded that the error of estimated valelatively  solar radiation have been estimated for the same1@78
increases with the increase of cloud cover @nd versa at the two stations of Matruh and El-Kharga usihgirt
This is due to the factor of cloud effects is raken in the recorded data of sunshine houns,and the values of the
consideration. parameteiK with applying the modified formula (2). The

records ofn values have been obtained from the Egyptian

Meteorological Authority whileK values for the both

It may be noted that the method underestimates thestations are taken from Table 2. Tahrir and Batdir

global radiation all the year round except durifi@ t excepted from this comparison because the data of
months from November to February. The overestimatio sunshine hours;, are not recorded at them for the study
takes its maximum value during January month atyear, 1978. On the other hand, Matruh and El-Kharga
northern region and decreases gradually towardheou  found appropriate for the comparison purposes. ais
region. This is due to the corresponding effectslofids  a coast city and characterized by highest cloudcava
and moisture, which are not considered in the etiim year while El-Kharga is a desert city and charamter by
procedure. clear atmosphere and stable weather itonsl In
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TABLE 4

Measured, Hy, and estimated values, Hy, of the monthly mean global solar radiation for the year 1978 and their
percentage errors, ey, at Matruh and El-K harga stations applying formula (7), cited from El-Shahawy (1998) in
addition to the corresponding estimated values, Hcg, using the current formula (2) and their percentageerrors, es

Station

Month Matruh El-Kharga

Hm Hen Hes &4 s Hm Hen Hes &4 s
Jan 09.7 08.9 10.6 8.2 -9.3 175 16.6 18.3 51 -4.6
Feb 13.5 12.9 14.2 4.4 -5.2 215 207 223 3.7 -3.7
Mar 17.4 18.2 16.7 -4.6 4.0 248 250 246 -1.8 0.8
Apr 20.7 21.7 20.1 -4.8 2.9 279 290 276 -3.9 1.1
May 23.6 24.1 23.2 -2.1 1.7 306 311 302 -1.6 1.3
Jun 255 25.7 25.4 -0.8 0.4 31.8 319 317 -0.3 0.3
Jul 24.8 25.2 24.5 -1.6 1.2 30.3 308 297 -1.7 2.0
Aug 22.6 23.1 22.3 -2.2 1.3 299 30.0 297 -0.3 0.7
Sep 20.4 21.4 20.2 -4.9 0.6 271 282 26.1 -4.1 3.7
Oct\ 171 17.8 17.0 -4.1 1.0 217 218 214 -0.5 1.4
Nov 12.6 12.3 13.2 2.4 -4.8 19.2 176 20.0 8.3 -4.2
Dec 09.2 08.8 09.8 4.3 -6.5 * 141 — — —

* Hy, is not recorded

addition, El-Shahawy's formula concerned with cloud This is due to, as mentioned above, Matruh is coipt
amounts and types as mentioned above. The obtainednd characterized by highest cloud cover duringtrobs
results are also given in Table 4 with ElI-Shahawy's the year especially in winter months while El-Khrearng

results. characterized by clear atmosphere and stable weathe
conditions.
The following results could be clearly seen from
Table 4:

(iv) The possible error of the annual mean of esérhat
(i) e at Matruh is higher thaey during cold winter  values at Matruh applying the current formula @)éry
season (From November to February) while the opposi small if compared with its corresponding value df E
occurs during remaining months. This is attributed  Shahawy’s formula,eg = —0.055 whileg, = —1.38). This
higher cloud cover and its effects during winteassm means that the formula (2) gives better estimatifom
than during remain year months. The cloud effecsnat global radiation as the annual average than El-&kph
taken in the consideration with respect to the fdan§2). formula.

(i) At both selected stations, El-Shahawy’s form{#ia
is underestimating during cold winter season (From From the above discussion, it could be concluded
November to February) and overestimating during that the above both two formulae are valid to cot@pu
remaining months andise versawith respect to the global solar radiation with high accuracy at angality in
formula (2). The accumulation of observation errofs  Egypt during all year months. However, the current
cloud types and amounts partially explain the modified formula is characterized by simplicity and
underestimation of El-Shahawy’s formula during wint independence of meteorological parameters, whidhrim
season. On the other hand, the overestimation of El precisely estimates solar radiation at any locatitizgypt
Shahawy's formula during remain months could be during all months despite relatively higher comgiota
attributed to the solar constant which has beeertads  errors during winter cloudy months. On the contrdhe
1396 Wm? in his computations while 1ISO and WMO accumulation of observation errors of cloud typesl a
have accepted a value of 1369+7 Vim amounts and other input data could lead to higher
computation errors of EI-Shahawy’'s formula (7) desi
(i) ey at Matruh is higher thasg at El-Kharga during the obtaining these input data require establishing
most year months especially during cold winter seas meteorological stations which cost exorbitantly.
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TABLES

Values of regression and correlation coefficients of equation (10) and the standard mean
error for the selected stations and the corresponding regions

Region a b R E

& station Local region  Local region Local Region  Local region
Region 1

Sidi-Barrani 0.7983 -0.5566 0.9687 0.0016

Matruh 0.7279 0.8033 -0.4586 -0.5383 0.9662 0.8961 0.0030 0.0322
El-Arich 0.8671 -0.6052 0.9716 0.0042

Region 2

Tabhrir 0.8262 0.8037 -0.5951 -0.5778 0.9634 0.9389 0.0432 0.0143
Cairo 0.8076 -0.5963 0.9839 0.0017

Region 3

El-Kharga 0.5913 0.5913 -0.3556 -0.3556 0.9644 0.9644 0.0062 0.0062
Region 5

Aswan 0.4394 0.4394 -0.1794 -0.1794 0.9690 0.9690 0.0083 0.0083
All Egypt 0.8413 -0.6191 0.8751 0.0314

3.3. Computation of diffuse solar radiation

The above data of measured global radiatignand
sunshine hours, in addition to the corresponding values
of measured diffuse radiatiob,, for the same period
(1985 to 1989) have been used to relate the vaitidse
fraction of diffuse solar radiationD¢, /H.) with the
corresponding values af/N for the selected stations.
Bahtim and Asyut are excepted from this study as
measurements of diffuse radiation are not availaile
these places (Table 1).

The mean daily number of hours of dayligiN) (
between sunrise and sunset are calculated usinge€eo
formula 1969;

N = (2/15) cos [(-tan¢) (tand)] (8)

Where¢ is the latitude (in degree) ainds the solar
declination angle;

8 = 23.45 sin [360(284 w')/365] 9)
The obtained relation is linear. It could be wnittas
follows;
D/H,=a + b@/N) (10)
where a and b are the regression coefficients.rThei
values in addition to the correlation coefficieRsand the

standard mean errorg, are given in the following
Table 5.

The monthly mean values of diffuse solar radiation
have been estimated for the year 1995 at eaclorstati

using the corresponding measured valuesigfand n/N

for the same year and applying equation (10) wité t
regression coefficients, a and b, from Table 5 dach
station. The used data bff,, are given above in Table 3.
The values ofn/N are presented in Table 6 with the
obtained calculated values of diffuse solar radmatDe,
where the verification has been performed through a
comparison between the estimated and measuredsvalue

The agreement between measured and estimated
values is remarkable. The method of estimation is
fluctuated between small overestimation  and
underestimation at all stations during all the rhenfThe
maximum error occurs during the hot months from dhar
to July at all stations. This is due to the occucee of
Khamsin depressions in the north and the effe@uafan
monsoon low in the south during the mentioned nmnth
This factor is not considered in the estimationcpdure.
The maximum error is 7.6% at Sidi-Barrani, 7.52% at
El-Arich, 7.64% at Matruh, 6.34% at Tahrir, 6.99% a
Cairo, 5.93% at El-Kharga and 6.5% at Aswan.

It is noticed, from Table 6, that the possible ewb
estimated valueg, at Sidi-Barrani is lower than those the
other two stations of regional 1, Matruh and Eleri
during winter months despite the fact that theiresk
become more cloudy due to invasion of extratropical
system in winter from the north. This is due taatiekly
lower winter clouds cover over Sidi-Barrani thaongb at
Matruh and El-Arich during the year of 1995. Itdkso
noticed that, the values &%, show gradual increase as we
go eastward from Matruh to El-Arich. This is attribd to
the corresponding gradual increase in cloud coxe@m f
west to east.
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TABLE 6

Thevalues of n/N and the estimated diffuse radiation, D., compared with the measured
values, D, with their percentage error, e, at different stations

Region & J F M A M J J A S o) N D
station
Region 1
n/N 065 066 071 071 071 083 089 089 085 084 071 065
De 471 586 790 923 101 945 875 818 767 6.15 516 4.54
Sidi-Barrani  Dp, 474 593 786 950 964 878 896 808 782 624 519 4.67
e 063 118 -05 284 -48 -76 234 -12 192 144 058 278
n/N 066 063 072 074 083 090 087 083 077 076 068 061
) De 505 6.80 854 985 934 958 967 948 9.06 6.84 583 498
El-Arich Dm 479 6.64 887 970 101 9.92 943 899 922 695 606 4.72
e 54 24 372 -15 752 343 26 -55 174 158 38 -55
n/N 066 070 069 070 081 091 093 089 084 084 072 0.60
Matruh D 442 570 802 940 959 922 895 857 798 6.10 517 4.44
Dm 416 580 819 914 996 932 969 859 798 628 506 4.31
e 6.2 172 208 -28 371 107 764 023 000 287 -22 -30
Region 2
n/N 070 065 070 075 074 087 087 085 084 077 068 0.62
Tahrir D 467 620 827 950 999 922 882 855 806 655 556 4.66
Dm 479 6.06 883 970 969 9.02 860 835 813 647 531 455
e 251 -23 634 206 -31 -22 26 -24 086 -12 -47 -24
) n/N 065 064 073 077 075 085 086 077 076 076 064 055
Cairo D 428 567 719 798 865 839 805 871 773 574 528 465
Dm 450 59 760 83 93 90 85 84 81 61 56 46
e 489 39 539 38 699 678 529 -37 457 59 571 -1.1
Region 3
n/N 089 086 081 086 082 090 088 092 089 087 089 0.80
El-Kharga D 434 525 698 797 854 838 841 771 745 575 464 423
Dm 450 544 742 829 865 820 781 778 7.89 561 459 4.20
e 356 349 593 386 127 -22 77 09 558 -25 -11 -07
Region 4
n/N 095 092 084 086 088 091 093 090 086 085 085 0.86
Aswan De 490 5.87 742 807 805 851 834 823 784 614 519 448
Dm 478 564 720 7.96 861 890 811 812 767 621 533 441
e 25 41 31 -14 65 438 -28 -14 22 113 263 -16
3.4. Annual variation of radiation components over 3.4. (a). Global solar radiation
Egypt

It could be clearly seen that Cairo has the lowest
The characteristics of the annual variation of the value ofH,, of all stations over a year. This could be

monthly mean daily values of measured glolv), and attributed to the urbanization of the area charatd by
diffuse solar radiationD,, for the year 1995 over the five highly polluted air, which leads to loss in the ident
regions have been examined. El-Arich and Cairo haveenergy of solar beam due to backscattering and
been chosen to represent region 1 and region Z2absorption.
respectively, while remaining regions representgdhe
other three stations as in Table 2. The monthly mea Also, it is noticed that the values B, at El-Arich
values of ,H,, andD,, for the five stations, El-Arich, are marginally higher than Cairo's values but lottem
Cairo, El-Kharga, Asyut and Aswan are illustrated i the values of the other three stations over the. ydas is
Fig. 1&2 respectively. Asyut has been excluded ffeign because El-Arich is a coastal station and chaiaettby
2 becaus®,, is not measured there. high amount of cloud cover and water vapor canfEne
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Fig. 1. Annual variation of global solar radiatiorH, at Fig. 2. Annual variation of diffuse solar radiatiob,, at
different stations different stations

difference between thi,, values of Cairo and El-Arich mentioned above, the effect of high amount of cloader
is high in summer season as compared with wintesae and water vapor content of El-Arich. On the othandh
This may be attributed to neglected effect of claoger Cairo has higher values B%,, compared to El-Kharga and
and moisture phenomena during hot summer seasan oveAswan. This indicates that Cairo is turbid atmosplend
El-Arich due to the maximum atmospheric heatinge Th equivalent over the year. It is also noticed thaKEarga
comparison between global radiation at Cairo and El has the lowest values &%, during the period from June
Arich shows clearly that, the effect of polluted and to December, except in September month. This atdg
aerosols on reduction of global solar radiation is domination of clear sky condition at El-Kharga. ldugh
approximately equivalent the effect of clouds angtew  Aswan is characterized by stable atmospheric ciomgit
vapor content. like EI-Kharga, it has relatively higher valuesf, than
those of El-Kharga during most months. This is doe
Aswan has the highest valuetdf, of all the stations  Aswan’s geographical location beside the RiNde,
over the year. This is mainly due to Aswan’'s clear which in turn cause relatively higher atmospheric
atmosphere and stable weather through most oféhe y humidity and water vapor than those are over Eltgaa
Also, the values oH,, at both stations of El-Kharga and which lies in the western desert. It is interestingnote
Asyut are high when compared to the values of Caiird that D, reaches maximum in May at all places except at
El-Arich. This is also due to clear atmosphere atable Aswan where it is in June.
weather conditions at El-Kharga and Asyut as coegar
to Cairo and El-Arich. 4. Conclusion

On the other hand, there is a strong latitudinal The investigated area of Egypt has been divided int
gradient for global solar radiation in winter cormrgsh to five regions represent most the country and reptedeby
that of summer. This is due to the invasion of &xapical the nine selected stations while the year has degded
systems in winter from north passing over the into cold season (October to February) and hotoseas
Mediterranean Sea providing an increased cloud rcove (March to September). The provided data of sunshine
over northern Egypt. The summer season is influgfige  hours, n, global solar radiationH, have been analyzed
a high-pressure cell, which is characterized bplstand using an advanced computer program to obtain an
clear sky weather adding to increased values dbajlo appropriate regional parameter of an empirical relation,
radiation. All stations reach maximum in June aldeh  (equation 2) of Barbareet al for each region. The

continued higheH,, during July as well. obtained results are given in Table 2. The agreémen
between measured and estimated values is remarkable
3.4. (b).Diffuse solar radiation The maximum possible error of estimated values oo n

exceed 9.6%. This points to the high potential lod t

Since diffuse solar radiation is largely influenced proposed regional parametet§ in equation (2) for

by cloud cover and atmospheric turbidity, it at&aiits practical applications. The current modified forenyR)
distinct highest values at El-Arich. This is attiibd to, as  gives better estimations for global solar radiatanany
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locality in Egypt. Relation between the diffuse ctian
D/H and the relative duration of sunshin@N) is also
determined for each region and its representedbstat
The Regression coefficients and the relative peacgn
error are given in Table 5. Diffuse irradiatidh, could be
estimated with maximum error 7.7%. A comparativelgt
for the global and diffuse solar radiation overfatiént
sites has been investigated. The study shows gl¢zel
effect of urban air of Cairo on the reduction oblgpl
radiation and the effect of cloud and moisture
phenomenon on the increase of diffuse radiaticcpastal
area of El-Arich.

The used data of the monthly mean daily values, of
H and D of the five years (1985 to 1989) for the nine

stations that measure radiation in Egypt have been

obtained from the Egyptian Meteorological Autharity

In conclusion, this study provides methods f
estimating global and diffuse solar radiation adl as
direct solar radiation with high accuracy at angalion in
Egypt. This is useful for the design of variousteyss
utilizing solar energy.
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