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ABSTRACT

FAO-56 Model was used to estimatenet Net Radiation falling on horizontal surfacein
Mosul, Baghdad and Nasiriyah stations for the time series (1980-2002). Results showed that
there is a sort of relatedness between estimated and measured incoming short wave
radiation(Rs) in the three stations, where the values of mean absolute error (M.A.E.) is not
exceed (11,14,24)% in Baghdad, Nasiriyah and Mosul respectively. Rn estimated by the
Model appear that Mosul station gives the lowest values of Rn in comparison with Baghdad
and Nadriyah stations, this is due to the amount of incoming solar radiation reached the
earth surface. Summer months in Nasiryiah gave also values of Rn lower than that in
Baghdad because of the sand storm which domain during the summer monthsin Nasiriyah.
Two linear Regresson Equations were found, the first between net radiation and net
incoming short wave radiation (Rn & Rns ) and the second between net radiation and net
long wave radiation (Rn & Rnl ) in each of the three stations. The correlation coefficient (R)
found in thefirgt relation is very high and ranged between (0.98 — 0.99 ), while the values of
(R) inthe second relation ranged between ( 0.67 — 0.87 ). Liner Regression Equationswere
also found between Rn and meteorological elements (Temperature, Relative Humidity, wind
Speed and Sun Shine Ratio ) in each of the three stations.
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INTRODUCTION

The determination of earths radiation budget is essential for atmospheric medeling,
climatic studies and for estimating reference crop evapotrnspiration (Steven and Knot, 2003;
Alados et al., 2003).

The net radiation (Rn) is the difference between incoming and outgoing radiation of
both short and long wave lengths, so it represent the balance between the energy absorbed
reflected and emitted by the earth surface (Kjaersgraard, 2007).

(Rn) is normally positive during the day time and negative during the night time. The total
dailly vaue for (Rn) is amost positive over a period of 24 hours, except in extreme
conditions at high latitudes (FAO 56 ).

Incoming short wave radiation (Rs) have wave lengths ranged between ( 0.15 -3) micron
and depend on: daytime hours, latitudes, season, thickness of the atmosphere, aerosols,
clouds, water vapor and air molecules (Eric et al.,2003; Limia, 2005).

The outgoing short wave radiation is function of incoming solar radiation and the bulk
surface albedo. The net incoming short wave radiation ( Rns) represent the difference
between the incoming and outgoing short wave radiation. Theincoming long wave radiation
depend on sky temperature and sky emissivity. The sky emissivity is a summary effect of all
layers of the atmosphere which depend on cloud cover, humidity and temperature
structure(Roger and Barry, 2003; Richard, 1997).

The outgoing long wave radiation depend on surface emissvity and surface
temperature. The difference between the outgoing and incoming long wave radiation
represent the net long wave radiation (Rn ) .

Almost the outgoing long wave radiation is greater than the incoming long wave radiation ,
So the (Rnl) represent energy losses.

In many biological, agronomic and engineering applications, Rn isrequired rather than total
solar radiation (Dong et al., 1992).

Many attempt have been made to relate Rn to Rs, air temperature, and other variables
such as relative humidity and extraterrestrial radiation (Irmak et al.,2003; Offerle and
Grimmond, 2003).

Nearly all the meteorologica stationsin Irag haven’t net radiometers instruments, so we use
the FAO model which iswidely used for predicting Rn .

There locations in Iraq (Mosul, Baghdad, Nasriyah) were used to study the net
radiation during the period (1980 — 2002), where Mosul represent the northern part of Irag,
Baghdad represent the middle part of Iraq and Nasiriah represent the southern part of Iraq .
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METHODOLOGY
FAO — 56 Model were used to determine the different components of solar radiation
and long wave radiation .Extraterrestrial radiation (Ra) in (MJ m™ day ™') were calculated
from the following formula:

24(60)

Ra= Gsc dr[ wssin(g) sin () + cos (o) cos (d) cos(ws)] ... D

T

where:
Gsc = solar constant (0.082 MJm™ min™)
dr = inverse relative distance Earth — Sun
ws = sunset hour angle (rad)
o = latitude (rad)
0 = solar declination (rad)
Theinverse relative distance Earth-Sun (dr)and solar declination (5) are given by :

dr =1+ 0.033COS[ 21 I/ 365]  .eoiniieiii e (2
2n
6 =0.409sn [ J - 139 ] (3)
365

Where J= number of the day in the year
The sunset hour angle (Ws) is given by:

WS =arcos| - tan(e) tan (8)] ..voeeeereeieie e e 4
The day light hours (N) are given by:
24
N = S et e e (5)
(L

The incoming short wave radiation (Rs) is given by:
RS=[0.25+0.5N/N]JRa oo (6)
WhereRsisin (MIm™ day ™' ) and n/N is areative sunshine duration
The net short wave radiation (Rns) resulting from the balance between incoming (Rns) and
reflected solar radiation is given by:
RNS = (1= 0) RS oot e e @)
Rns and Rs arein (MJm™ day '), aisthealbedo .

The net outgoing long wave radiation (Rnl) in (MJm™ day ') isgiven by :
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4 4
Tmax,K + Tmin, k Rs
Rnl=o] 1(0.34-0.14Vea) (135 —-0.35) .....(8)
2 Rso

Where :
6 = Stefan-Boltzman constant (4.903 x 10° MJK™ m™ day ™)

Tmax = maximum absolute temperature during 24 — hour period
Tmin = minimum absolute temperature during 24-hour period
ea = actual vapour pressure (kpa)

RYRs0 = relative short wave radiation

Rso = clear sky radiation (MIm™ day ™)

Rso is given by the following formula:
RSO = (0.75+ 2x10° Z) RA..cceiiiiiiieiee e e e (9)

Where Z = station elevation above sealevel (m).
The net radiation Rn is the difference between the incoming net short wave radiation and
Rns and the outgoing net long wave radiation Rn1:

RN=RNS— RNL ... e e e (20)

Three meterological station (Mosul, Baghdad and Nasiriyah) were used to test this model.
The latitude, longitude, atitude and years of observations for these stations were presented
in table (1).

Table 1: The geographical informations of the three stations (Mosul, Baghdad, and
Nasiriyah ) For the time series(1980-2002).

Stations Latitude Longitude Altitude (m)
Mosul 36° 19 43° 09 223
Baghdad 33 14 44 14 32

Nasiriyah 31° 05 46° 14 3

The mean monthly metrologica e ements (Tmax, Tmin, Tmean, Rs, Sunshine duration
(n),Relative Humidity, Wind Speed, Maximum Possible Sunshine (N), Sunshine Ratio) for
the three stations were presented in the appendix (1,2, 3).

The mean monthly values of radiation elements (Ra, Rso, Rns, Rnl and Rn) were estimated
using the FAO56 model and presented in the appendix (4, 5, 6).
Mean Absolute Error Was used to show the deviations between the measured and estimated
vaues of Rsin the three stations,

where :
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1 n G-H
MAE=—Y |—— |
n 1 Fi

Gi = estimated values, Fi = measured values (Bodescu-1988).

Comparison between the mean monthly values of Rn in the three stations were performed .

Correlations between Rn and radiation elements ( Rs, Rns, Rnl ) were found in the three
stations.

Correlations between Rn and different metrological elements (Temp. , RH, wind speed and
n/N ) were found also.

RESULTSAND DISCUSSION
1.Comparison between measured and estimated values of incoming short wave
radiation (RS) :
The values of (Rs) estimated by Model and that measured by the actinography in
Mosul, Baghdad and Nasiriyah stations during the months of the year were presented by
table (2) .

Table 2: Mean monthly values of estimated and measured Rs in Mosul, Baghdad and
Nasiriyah stationsin (MJ/m? . d).

Months

Jan. | Feb. | Mar. | Apr. | May | Jun. | July. | Aug. | Sep. | Oct | Nov | Dec | M. AE.%
Stations

Rsest. 83 | 11.2 | 156 20 | 242 | 278 | 273 | 251 | 212| 151|101 | 7.8
Mosul 24

Rs 6.6 95 | 121 | 16.3 19 | 214 21 19.7 17 | 122 | 84 | 6.2
M ean

Rsest. | 109 | 143 | 182 | 216 | 25 | 282 | 276 | 26 | 218 | 164 | 123 | 10.1
Baghdad 11

Rs 9.9 13 | 165 | 201 | 22 | 247 | 243 | 225 | 193 | 148 | 108 | 838
mean

Rsest. | 11.6 | 148 | 18 12 | 234 | 249 | 248 | 238 | 214 | 169 | 128 | 10.7
Nasiriyah 14

Rs
mean 99 | 129 | 159 | 194 | 208 | 216 | 218 | 205 | 188 | 15 | 104 | 9

From the table we can see a good agreement between the estimated and measured values
of Rs specially in Baghdad and Nasiriyah.

The Mean Absolute Error found does not exceed (11, 14 , 24 )% in Baghdad, Nasiriyah
and Mosul respectively.

Linear regression equations between estimated and measured values of Rs were
presented in fig. (1) for the three stations. The correlation coefficient found between the
estimated and measured values were (0.973, 0.975, 0.973) in Mosul, Baghdad and Nasiriyah
respectively. This mean that their isahigh correlations between the estimated and measured
values of Rs. In our research we use the measured values of Rs for computing Rn because
itsavailable.
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2. Evaluation of Net Radiation in Mosul , Baghdad and Nasiriyah stations.

Fig.(2) show clearly that the net radiation (Rn) in Mosul station is less than that in
Baghdad and Nasiriyah, thisis due to the amount of incoming short wave radiation received
in Mosul is less than that in Baghdad and Nasiriyah .

The values of Rn during the summer months in Baghdad is higher than that in
Nagiriyah, thisis because of the dust storm during the summer months in Nasiriyah which
affect greatly the amount of the incoming short wave radiation received on horizontal
surface.

3.Correlations between Rn and different solar radiation components

Fig. (3) shows the liner regressions obtained between Rn and Rnsin Mosul, Baghdad,
Nasiriyah stations. The correlation coefficient found for theserelations are (0.98, 0.99, 0.99)
in Mosul, Baghdad and Nasiriyah respectively. This indicated there is a highly correlations
between Rn and Rns..

Fig. (4) Shows the correlations between Rn and Rnl in Mosul, Baghdad and Nasiriyah
stations. The correlation coefficient in the three stations are variable and can be arranged
according to there magnitude as (0.87, 0.77, 0.67) in Baghdad, Mosul and Nasriyah
respectively.

We can mentioned here that the values of (R) is less that between Rn and Rns. Liner
regression equations were aso found between Rns and Rnl which are presented in fig.(5). A
highly correlation coefficients were found for these relations which can be arranged
according to their magnitude as (0.91, 0.87, 0.75) for Baghdad ,Mosul and Nasiriyah station
respectively .
4.Correlations between net radiation and different meteorological elements

Fig.(6) shows the correlations between the mean monthly values of obtained Rn and
temperature in Mosul, Baghdad and Nasiriyah stations .

A highly positive correlations were found and the correlation coefficient are (0.88,
0.95,0.86) in Baghdad, Mosul, Nasiriyah .

Fig.(7) shows a highly negative correlations between the mean monthly values of Rn
and relative humidity. The values of correlation coefficient found for these correlations are
(0.82, 0.93, 0.89) for Mosul, Baghdad and Nasiriyah stations respectively.

Fig.(8) shows a highly positive correlations between the mean monthly values of Rn
and wind speed. The values of (R) found for these correlations are (0.89, 0.89, 0.87) for
Mosul, Baghdad and Nasyriah stations respectively.

Fig.(9) show a positive correlations between the mean monthly values of Rn and
sunshineratio (/N ) .

The correlations coefficients obtained are (0.77, 0.77) for Baghdad and Mosul stations
respectively. Nasiriyah station did not give agood correlation between Rnandn/ N .

CONCLUSION
Themain conclusions are :
1. A good agreement has been found between estimated and measured values of Rs, where
the value of M . A . E. does not exceed ( 11, 14, 24 ) % in Baghdad, Nasiriyah and
Mosul stations respectively .
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2. The lower values of Rn was obtained in Mosul station in comparison with Baghdad and
Nasiriyah. The summer months in Nasiryiah station gave values of Rn less than that in
Baghdad, thisis due to sand storm existing during these months in Nasiriyah.

3. Two Linear Regression Equations were found between ( Rn and Rns) and (Rn and Rnl)
in each of the three stations, which give relatively high correlation coefficients.

4. Linear Regression Equations has been found between Rn and other meteorological
elements ( Temperature, Relative Humidity, Wind Speed, Sun Shine Ratio) in each of
the three stations.
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Fig 2 : Mean monthly values of net radiation in Mosul , Baghdad and Nasiriyah stations.
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Appendix 1: Mean monthly values of meteorological elementsfor (Mosul)station during the period (1980- 2002)

Months
Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. €C.
Met. elements
T min (c°) 25 3 6.3 109 | 158 | 211 25 239 | 188 | 133 | 74 4
T max (c°) 124 | 146 | 189 | 251 | 327 | 393 | 432 | 425 | 381 | 30.2 | 209 | 139
T mean (¢°) 9.5 14 225 | 285 | 331 | 342 | 299 24 178 | 122 | 85 7.1
RH (%) 80.2 | 738 | 68.7 | 61.8 | 43.7 | 276 | 247 | 26.7 | 313 | 46.2 | 65.2 | 79.7

Wind Speed (m/s) 1 13 14 15 1.9 18 1.8 16 12 0.9 0.7 1

Rs (Mj/m?.day) 6.6 9.5 121 | 16.3 19 21.4 21 19.7 17 12.2 8.4 6.2
n (hrs) 4.6 55 6.6 8 9.9 12 12 114 | 104 | 82 6 4.7

N (hrs) 9.8 104 | 11.8 13 14 145 | 142 | 133 | 122 11 10 9.5
n/N 047 | 051 | 056 | 0.61 | 0.70 | 083 | 0.84 | 085 | 085 | 0.75 | 0.60 | 0.49

Appendix 2: Mean monthly values of meteor ological elementsfor (Baghdad) station during the period (1980- 2002)

Months
Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. Oct. | Nov. | Dec.
Met. elements
T min (c°) 42 5,6 9,7 154 | 20,2 | 234 | 258 | 24,7 | 20.7 | 69.7 98 | 54
T max (c°) 157 | 184 | 226 | 301 | 365 | 413 | 442 | 429 40 331 | 236 | 174
T mean (°) 95| 118 | 165 | 229 | 287 | 325 | 35 | 341 | 303 | 242 | 163 | 111
RH (%) 73 | 605 | 523 12 32 256 | 251 | 275 | 324 | 426 | 58.6 | 70.6

Wind Speed(n/'s) 25 2.8 3.2 3.2 33 3.9 4 35 2.7 2.6 25 24

Rs (Mj/me.day) 9.9 13 165 | 20.1 22 247 | 243 | 225 | 193 | 148 | 108 | 88

n (hrs) 6.1 7.2 8.0 8.8 102 | 122 | 12 | 116 | 10.2 8.4 6.8 6
N (hrs) 101 | 108 | 118 | 128 | 137 | 141 (139| 132 | 122 | 112 | 103 | 9.9
n/N 06 | 066 | 067 | 068 | 0.75 | 0.86 | 0.86 | 0.88 | 0.83 | 0.75 | 0.67 | 0.6

Appendix 3 : Mean monthly values of meteorological elementsfor (Nasiriyah) station during the period (1980-2002)

Months Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
Met. elements
T min (c°) 6.4 8 124 | 187 | 236 | 263 | 283 | 276 | 243 | 193 | 128 | 7.7
T max (c°) 17.3 20 252 | 318 | 387 43 45.2 45 42 35.4 26 194
T mean (°) 119 14 19 254 | 317 | 355 | 375 | 36.7 | 334 | 27.2 | 19.2 | 135
RH (%) 69.1 60 509 | 422 | 312 | 238 | 223 | 236 | 278 | 38.6 | 55.6 | 674

Wind speed (m/s) 34 3.9 4.3 4.7 4.8 6.2 6.2 54 4.2 35 34 3.2
Rs (Mj/m?.day) 9.9 129 | 159 | 194 | 208 | 216 | 21.8 | 205 | 188 15 104 9

n (hrs) 6.5 7.4 7.6 8.2 9 9.2 10 10 9.6 8.5 7.2 6.3
N (hrs) 109 | 109 | 116 | 128 | 13.6 14 138 | 131 | 121 | 11.2 | 104 10
n/N 064 | 067 | 064 | 064 | 066 | 0.70 | 0.72 | 0.76 | 0.79 | 0.76 | 0.69 | 0.62
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Appendix (4) : Mean monthly values of radiation elements in( Mosul) city during the period

(1980-2002)
Months
Radiation |Jan.| Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
elements
RA(Mj/
e day) 173|223 | 294 | 358 | 40.1 | 41.7 | 408 | 37.1 | 31.3| 242 | 185 | 159
RS((M/ 66 | 95| 121 | 163 | 19 |214| 21 | 197 | 17 | 122 | 84 | 6.2
ne.day)
RSO(Mj/ 13 | 168|221 | 27 | 303 |31.5|30.7| 28 |236|183| 14 | 12
ne.day)
Rns(Mj/ 5 73| 93 | 125| 146 | 165|16.2| 152 | 131| 94 | 65 | 48
ne.day)
ROIMI/ | 33 | 36| 38 | 4 | 48 | 63| 63| 62| 61| 5 | 4 | 34
ne.day)
Rn(Mj/

. day) 17 | 37 | 55 | 85 9.8 | 10.2| 99 9 7 44 | 25 | 14
Appendix 5: Mean monthly values of radiation elements in( Baghdad) city during the period(1980-

2002)
Months
Radiation |Jan. | Feb. | Mar.| Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
elements
RA(Mj/

198|245 | 31 | 366 | 40.2 | 414 |406| 37.7 | 32.7 | 26.3 | 209 | 184
ne.day)

R(MJ/ 99 | 13 | 165 | 201 | 22 |247|243| 225 |19.3| 148| 108 | 88
ne.day)

mx;/ 148|184 | 233 | 275 | 302 | 31 |305| 283 | 245| 19.7 | 157 | 13.8

Rns(Mj/ 76 | 10 | 127 | 155 17 19 |187| 173 | 149|114 | 83 | 6.8
ne.day)

Rnl(Mj/ 41| 47| 48| 49 | 55 | 66 | 64| 63 | 58| 51| 46 | 41
ne.day)

Rn(Mj/
ne.day)

35| 53| 79 | 106 | 115|124 |123| 11 | 91 | 63 | 3.7 | 27

Appendix 6: Mean monthly values of radiation elements in( Nasiriyah) city during the period(1980-
1991)
Months

Radiation Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
elements
RA(Mj/ m?.day)

204 | 25 | 314 | 368 | 40.2 | 413 | 406 | 37.8 | 33 | 26.8 | 21.6 | 19.1

RS(Mj/nP.day) | 99 | 120 | 159 | 19.4 | 208 | 216 | 21.8 | 205 | 188 | 15 | 104 | 9

RSO(Mj/nmr.day) | 153 | 188 | 236 | 27.6 | 301 | 31 | 304 | 283 | 248|201 | 162 | 143

Rns(Mj/n.day) | 76 | 99 | 122 | 149 | 16 | 166|168 | 158 | 145|115| 8 | 69

Rnl(Mj/m*.day) | 43 | 47 | 46 | 45 | 49 | 56 | 58 | 59 | 58 | 52 | 46 | 42

Rn(Mj/ me.day)

33 | 52 76 | 104 | 111 | 11 11 99 | 87 | 63 | 34 | 27
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