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Abstract : The aim of this paper is to estimate the mean monthly values of solar radiation in four meteorological
stations in Iraq (Mosul , Baghdad ,Rutba, Nasiriyah) for the period (1980-2010) from Hgcwwe data .five
Mathematical Models were used for that ( Linear Model , Quadratic Model , In Model , Exponential Model
.Power Model). The Performance of these Models were evaluated by comparing the calculated Solar Radiation
from the Models and the measured Solar Radiation.Several statistical tests were used to control the validation
and goodness of these Models. In terms of CorrelationCoefficient (R), Coefficientof Determination (R?), Mean
Absolute Error (M A E) and Root Mean Square Error (RMSE) .The Coefficientof Determination (R?) obtained
from these Models were very high in all stations and ranged between (0.957-0.996).

Results showed that Linear model gave the best fit between (Hgw: andHecmwe) in Mosul station where (R?=
0.996).Quadratic Model gave the best fit between (Hgiand Hecwwe)in Baghdad station where (Rzz 0.996).
Power Model gave the best fit between (Hsiiand Heemwe) in Rutba station where (R2:0.983). Quadratic Model
gave the best fit between (Hsw: andHecpmwe)in Nasiriyah station (RZ: 0.993).
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. Introduction

Solar Radiation data are important tools for many areas of research and applications in various
engineering and scientific fields including climatology, agro meteorology, hydrology and solar energy
converting system design [1,2].Unfortunately the number of solar Radiation Observations sites in arid and
semiarid regions is very poor.

In Iraq solar radiation measurements are available only for very limited stations. To overcome this
shortage of data, researchers had employed different relations such as : linear, quadratic, logarithmic , power ,
forth order polynomial and various distributions such as Wiebull and sine wave for estimating global solar
radiation for different locations in Iraq [3,4,5].The parameters used as inputs in the relationships also include
astronomical factors (solar constant, world-sun distance, solar declination and hour angle); geographical factors
(latitude, longitude and altitude)[6].

On the other hand, researchers around the world investigated empirical and statistical models
whichconsist a simple regression between satellite measurements and corresponding measurements at the earth's
surface[7]. Dedicated Centers such as the European Center for Medium Range Weather Forecasts (ECMWF)
,the National Aeronautics and space Administration (NASA) collet and provide data for climate studies ,
weather forecasting or other purposes [8] We chose to use (ECMWF) data base that have been tried and tested
elsewhere [9] .ECMWEF global radiation data were validated against ground based regional model simulation
[10] meaning that it may also be possible to reproduce experiment in this region
The study aims to validate global solar radiation from ECMWEF against ground measurements at four station
(Mosul , Baghdad ,Rutba, Nasiriyah) in Iraq .

Il.  Data Source and Methodology

The estimated data of global solar Radiation was obtained from the European Center for Medium Rang
Weather Forecasts (ECMWEF) for four stations(Mosul , Baghdad ,Rutba, Nasiriyah) well distributed in Iraq for
(1980-2010) .
ECMWEF give solar Radiation data and other Meteorological data for any spot in the world using their latitude
and longitude only.
Measured solar radiation datawas obtained from the earth stations( Hs).
Fig (1) show the locations of the four stations mentioned above on the map of Iraqg.
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Fig(1) : The location of all stations in Iraq
Table (1) : The Geographical Coordinate of all stations

430 Og/ 360 19’ 223

Rutba 40017 33002 630

Five mathematical Models(Linear, Quadratic,In, Exponential , Power ) were used to test the
correlations between the estimated and measured solar radiation in the four stations. Mean Absolute Error
(MAE ) , The Root Mean Square Error (MRSE) , Coefficient of Determination ( R?) and the Correlation
Coefficient (R) were used for the purpose of evaluating the results .

I1l.  Results and Discussion
1-Mean Monthly Values of Hggmwand H g

Table (2) and fig (2) show the mean monthly values of Hgmws @nd H s for all stations during (1980-2010).
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Table (2): Mean monthly values of Hecmwe, H siae fOr all stations during the period (1980-2010).
=

Staﬁom""““" JaN || FEB || 3ear || apr | sy | sun || oo || ave | see || oct || Nov | pEc
Hroarer || 599 || 12.02 || 17.08 || 22.03 || 2624 || 2851 || 28.23 || 26.06 || 2147 || 1548 || 10.78 || 823
Mosul el e —
ot || 666 || 971 | 12.60 || 16.02 || 19.90 || 2170 || 21.45 || 19.60 || 16.86 || 1180 || 528 | 6.10
Hecarnr || 1071 || 1545 || 19.99 || 24.08 |[ 26.94 | 28.07 || 27.58 [| 26.11 || 22.09 | 16.95 || 12.74 || 10.62
Baghdad
Haw || 090 || 13.07 || 16.37 || 19.60 || 22.61 || 25.04 || 24.72 || 22.86 || 1939 | 14.73 || 10.14 || 8.95
Hecarnr || 12.02 || 15.70 || 2049 [ 2481 || 27.63 || 29.04 || 28.52 || 26.65 || 22.63 || 17.11 || 13.16 || 10.76
Rutba
Hawm || 043 || 12.43 || 16.34 | 20.08 || 22.75 || 26.01 || 25.78 || 23.54 || 2020 | 1539 [ 1133 || 891
Hecarr | 12.07 || 1627 || 20.26 [| 2426 || 26.92 || 27.98 || 27.24 || 2618 || 2243 || 17.67 || 13.42 || 1134
Nasirivah
How | 10.65 || 13.96 || 16.74 || 19.61 || 20.67 || 22.54 || 22.67 || 21.80 || 1942 || 15.55 || 1.73 || 9.66

We can see from table(2) and fig (2) that the data of Hemwr are slightly greater than that of H g, for all
the months of the year in all stations .

The Maximum difference betweenHg.mws and H gi@ppear in Mosul station where its ranged between
(2.13-2.33)Mj/m?.d in winter months , between (4.48-6.30) Mj/m”d in spring months , between (6.78-7.81)
Mij/m.d in summer months and between (2.5-4.6) Mj/m.d in autumn months.

The Minimum difference was obtained in Baghdad station where it reneged between (1.67-3.7)
Mj/m?.d in winter months, between (3.6-4.1) Mj/m?.d in spring months, between (2.8-3.2)Mj/m?.d in summer
months and between (1.6-2.7)Mj/m?.d in autumn months .

[
th =

=
n

Mean monthly yalues of
H O H Hmi]lesz.d
] b
= =

= h

= HECMWF
O H Stat

7

JAN FEB MAR APE MAY JUN JUL AUG SEP OCT NOV DEC

Months

L I ]
= th =

=
=

B _H ECMWF
Bﬂg]lllﬂ[l 0.H Stat

o i i o -

Mean monthly y alues of
H genrwy, H s in Mjim? d
p—
th

=

!

T T T T T T T T T T T 1
JAN FEE MAFE APE MAY JUN JUL AUCG SEP OCT NOV DEC
Months

WwWWw.ijesi.org 53 | Page



Correlations between the total Solar Radiation measured by the earth stations ...

B.H ECMWE
O.H Stat

Mean monthly values of
HI!EH'i‘I’II',H Shat ]IlM_]url'l'lz.d
o8

JAN FEB MAER APE MAY JUN JUL AQG SEP OCT NOV DEC
Months

Mean monthly yalnes of H
HI!LH'i‘I’II'! H m-_.,-;-_]]'l:r%'i:j!:l'l'l2 d
o

[

JAN FEB MAR APEK MAY JUN JUL AUG SEP OCT NOV DEC
Months

Fig (2) : Comparisons between Mean monthly values of H gcpwe, H star fOr all stations .

Table (3) show the standard deviation of Hecmws and H g for all stations during the period (1980-
2010).SD for Heemus and H swewas ranged between (0.72-2.48) Mj/m*.d in Mosul station , between (0.24-1.86)
Mij/m2.d in Baghdad , between (0.25-2.34) Mj/m?.d in Rutba station and between (0.2-2.01)Mj/m?.d in Nasiiyah
stations.

Table (3): Stations deviation of Hecmwe, H st fOr all stations during the period (1980-2010).

——Months JaN | FEB || MAR | aPr || Mav | Jux || JuL || ave | sEP || ocT || NOV || DEC
Stations
SDecawr| 103 || 120 || 14 || 122 || 102 [ o3 || 031 [ 040 || 040 [ 072 || 112 || 103
Mosul
SDse || 072 [ 124 | ve3 || 184 || 230 | 245 || 205 || 231 || 204 || L2 || 122 || 0m2
SD e 062 || 069 || o8s || 087 || 073 || 026 || 024 || 029 || 029 || 085 || 078 || 048
Baghdad
SDsw | 136 || 1as | 186 || 150 || voo | 2610 || 167 || 145 || 182 || 167 | 123 || 128
SDecawr| 070 || 086 || 086 || 075 || o657 | o2s J[ osz Joas [ o3 o2 || 0 || 0m:
Rutba
SDso | 230 [ 1ss | 7o || v7o || 234 | v2n || 188 || 200 || 137 || 1ea || 126 || 112
SDecawr| 083 || 092 || roo || o8t || 074 | 032 || 020 ][ 029 || 026 || 0.1 || 090 || oss
Nasirivah
SDso | 200 [ 123 | 150 || v || 186 || 201 || 183 || 225 || 190 || 151 || 127 || 096

Table (4) show the Coefficient of Variation of Hggmws and H g for all stations during the period (1980-
2010).CV for Hecmus and H g Was ranged between (1.1-14.9) for Mosul station, between (0.8-14.2) for
Baghdad station,between (1.7-13.7) for Rutba stationandbetween (0.7-9.9) for Nasiriyah station.
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Table (4) : Coefficient of Variations of H gcmwe, H st fOr all stations during the period (1980-2010).

-
Ex\f“““‘“h‘ JAN | FEB | MaR | apr | Mav || Jux || sur || ave || sEp | ocT | Nov || DEC
Stations

C.Vogcarng]) 11.50 [[10.01] 8.45 | 553 || 2.8 || 1.86 || L1L|| 1.54 | 185 || 4.63 || 10.42] 12.46
Mosul =

C.Visy: || 10.79 || 1069 ][ 1297 [ 1139 11.99] 11.45] 9.56 || 10.50 | 12.09 | 12.00| 14.69] 14.90

C.Voipcarng] 531 || 450 || 426 | 3.63 [ 2.70 || 091 JJos7| 1 | 133 | 381 [ 622 || 450
Baghdad

C.Vsy || 13.76 || 1010 1038 || 5.13 || 7.93 || 6.44 [ 6.77| 635 || 040 [ 10.37] 11.02] 1424

CVoipcarns] 583 || 5.45 || 4.19 | 3.00 || 2.42 || 086 || 182 169 || 3.47 || 422 | 622 || 4.77
Rutbha

C.Vsy, || 13.75 | 12.69 ][ 1094 || 8.90 | 1030] 4.65 || 652 895 || 6.79 | 10.67| 11.14] 12.45

CVopcamns] 691 || 5.67 || 494 | 333 |[ 275 || 1.13 JJo.72 | 113 | 115 || 400 || 6.71 || 5.76
Nasirivah

C.Visy: || 935 | 891 || 949 || 729 | 8.61 | 5.94 [[s09] 985 || 723 || 0.72 || 9.93 | 9.90

2-Mean Seasonal Values of Hgemws and H gar.
Fig (3) shows the Mean Seasonal Values of Hgmws and H s for all stations.
From the figure we can see the maximum values of Heemws and H s in winter season was obtained in
Nasiriya station( 13.2 , 11.4 ) Mj/m®.d , While the minimum values was obtained in Mosul station (9.2,7.5)
Mj/mz.d .For spring season the maximum values of Hgems and H g,y Was obtained in Baghdad and Rutba
stations ( 24.3 , 19 5) Mj/mZ2.d while the minimum values was obtained in Mosul station (21.7,16.2) Mj/m?.d .

For summer season the maximum values of Hg.mas and H g Was obtained in Rutba stations (28.2

, 25.1)

Mj/m?.d while the minimum values was obtained in Nasiriyah station (26.5 ,22.3) Mj/m?.d .For Autumn season
the maximum values of Hgnws and H s Was obtained in Nasiriyah stations (17.8, 15.5) Mj/mz.d while the
minimum values was obtained in Mosul station (15.9,12.3) Mj/m*.d .
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Fig (3) : Mean Seasonal Values of H gcywr, H stae fOr all stations .
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3- Correlations between Hecwme and Hggg in all Stations
Five Models were used to test the correlations between Hecwmre and Hsgy in all Stations. Table (5) and
fig (4,5,6,7) show these correlations in Mosul ,Baghdad, Rutba and Nasiriya station respectively.

Table (5) : Models with Regression Indicators for all stations.

Station _
Correlatlons R2 %MAE %RMAE

--

All the Models gave highly acceptable correlations between Hecywmr and Hsy in all stations where the
coefficient of determination (R?) forthese Models in all stations ranged between (0.957-0.996).Table (5) show
also that the Mean Absolute Error (MAE) of all the Models in all stations was ranged between (1.8% -6.5 %)
indicating an excellent fitting between Hecwme and Hgg: .From the table we can see also that the Root Mean
Square Error (RMSE) of all the Models in all stations was ranged between ( 1.9- 8.2)which also show a good
performance of all the Modell examined. Linear Model gave the best fit in Mosul station where (R?=0.99)
which mean that (99%) of Hggcan be accounted using Hecmwr data.Quadratic Model gave the best fit between
(Heewwe and Hsi)in Baghdad and Nasiriya station where (R?=0.99).Power Model gave the best fit in Rutba
station where (R°=0.98).
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Fig (4): Correlations between H gcmwe, H star Using different Mathematical Models in Mosul Stations
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Fig (6): Correlations between H gcmwe, H stat Using different Mathematical Models in Rutba Stations
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Fig (7): Correlations between H gcpmwr, H st USing different Mathematical Models in Nasiriyah Stations

Table (6) show a comparison between H estimated from the Models and H measured for all stations
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Table(6) : comparison between H estimations from the Models and Hmeasured for all stations.

m 12.60 12.96 16.34 17.39 16.34 17.3-9 16.'."-! 17.22

16.12 16.70 20.08 21.33 20.08 2133 19.61 -
19.90 19.58 2393 2393 21.67 22.00

BN N S T S BT A

A correlation between H estimated from the Models and H measured were performed in all stations and show in
fig (8) .

R? for these correlations were (0.99 , 0.98 , 0.98 , 0.99) in Mosul ,Baghdad, Rutba and Nasiriya
respectively. This mean that there is a highly significance correlationsbetween H estimated and H measured in
all stations.
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Fig(8): correlations between H estimations from the model and Hmeasured for all stations.

Fig (9) show the best fit between Hestimatep and Hyeasurep for all stations .
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Fig(9) : comparison between H . and H ., in all stations.

IV.  Conclusion

A variety of regression Models between Hecwmre and Hsie have been performed in four stations well distributed
in Iraq .
The significance and performance characteristicof the Models have been viewed using several statistical tests (R
, R?, MAE , RMSE ).

All the models gave a highly acceptable correlations between Hecwwmr and Hsg in all stations, where R?
for these Models in all stations (Mosul , Baghdad , Rutba and Nasiriya) ranged between (0.957 — 0.996) .
All the Models gave MAE ranged between (1.8%-6.5 %) and gave RMSE ranged between (1.9%- 8.2 %).
Linear model gave the best fit between Hecwmre and Hege in Mosul station , Quadratic model gave the best fit in
Baghdad and Nasiriya stations , Power Model gave the best fit in Rutba station.
A high correlations were obtained between the measured and estimated solar radiation from the Models in all
stations where R? of these correlations were ranged between (0.98-0.99)
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