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Empirical models for the correlation of clearness index with
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Abstract: - The aim of this paper is to estimate the mean monthly values of clearness index in five
meteorological stations in Iraq (Mosul , Kirkuk , Rutba , Baghdad , Nasiriya) for the period (1970-2000) using
different meteorological parameters .Multiple Regression Equation were used to estimate clearness index.The
performance of these regression equations were evaluated by comparing the calculated clearnessindex and the
measured clearness index. Several statistical tests were used to control the validation and goodness of the
regression equations in terms of correlation coefficient, coefficient of determination, Mean absolute error and
root mean square error. The coefficient of determination (R?) of these multiple regression equations were very
high in all stations and ranged between 0.973 to 1.00.

l. INTRODUCTION

Clearness index is defined as the ratio between the global solar radiation at ground level on horizontal
surface and the corresponding extraterrestrial radiation ®. The monthly mean clearness index KT = H/ Ho
Where H is the monthly mean global solar radiation on horizontal surface Ho is the monthly mean
extraterrestrial radiation.Clearness index is a parameters of real importance in designing of a renewable energy
sourcessystem; it can provide information concerning the read solar radiation compared with the variable solar
radiation “®.Clearness index can describes the attenuation of solar radiation due to clouds and aerosols and it
depends on the geographical coordinates of the location for watch calculated .
Multiple Regression Models have been Proposed for prediction of clearness index ©"®. Almost all these models
make use of meteorological data such as hours of bright sunshine cloudiness, relative humidity, wind speed,
altitude precipitation and ambient temperature 1%,
Iraq in located between 29.5° N and 37.22° N latitude and most of its cites enjoy favorable sunshine whole year
around.
In this paper correlations are proposed for monthly mean clearness index (KT) for (Mosul , Kirkuk ,Rutba,
Baghdad , Nasiriya) stations based on meteorological data for the period (2000-1970)Then calculated KT are
compared with measured values.

1. MATERIALS AND METHODS
Mean monthly values of total solar radiation, relative humidity air temperature,cloudiness,rainfall, evaporation
are obtained from Iragi meteorological organization.
The data obtained covered a period of 31 year (1970-2000)for five stations in Iraq listed in table (1) and
displayed in Fig. (1).
The mean monthly value of extraterrestrial radiation (Ho) is calculated from the following equation:

®:is the latitude of the location , Eo is the eccentricity correlation factor, 8 is the declination ,Ws is the hour

angle corresponding to sun-shine or set and Isc is the solar constant having a value of 1367 w/m>.
The expressions of Eo ,  and Wsare given by Iqbal®.

Ho = 2% IscEo cos(g)cos(5) sin(ws)— —— cos(ws)
T 180

Eo=1+0.033 CO{
65

27zdn}

S = 23.45sin[@ (dn + 284 )]
365
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Ws = cos *(tan g tan &)

dn is the day number of the year .

Mean monthly values of clearness index were computed for the different stations during the period (1970-2000).
Mean absolute error (MAE), root mean square error (RMSE),coefficient of determination (R?), correlation
coefficient (R) were used as the main criteria .The goodness of fit was judged by the size of coefficient of
determination, MAE, RMSEand were computed as further check on the stability of the multiple regression
equations

Table (1) : Geographical coordinate of the stations

Stations Latitude Longitude Altitude(m)
Mosul 36° 19 43° 09 223
Kirkuk 35° 28 440 25° 331

Baghdad 33° 18 440 24° 32
Rutba 33°02 40017 630

Nasiriya 31° 05 46° 147 5

.
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Jlasiriya i

~_ ./
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Fig (1): Location of the five meteorological stations in Irag's
Table (2,3,4,5,6) show the mean monthly meteorological parameters in all stations during the period (1970-
2000).

Table (2):Mean Monthly meteorological parameters for Mosul station during the period (1970-2000)

T
MAR T | NOV | DEC
0.56  0.57  0.62 0.48

Months ~~_

Meteo. ele.

0.49

073 083 086 088 086 076 0.64
0 88 126 180 245 304 M1 0 31 284 214 1383 85

A

RH% 802 T3E 676 602 429 273 241 257 306 45T 635 TO0
43 42 41 390 29 1.1 0.4 03 07 23 31 47
32.5 518 964 1454 2476 3493 4123 3TA6 2571 15LS 684 314
632 621 678 432 170 12 0.2 0.0 03 114 451 604
1996 2706 3300 4646 5550 6172 6097 5613 4845 3478 2405 1783
4821 6163 8073 9876 11118 11385 11326 10324 8711 6734 3140 4400
Lo 041 043 045 047 080 053 084 084 086 082 047 04l
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Tzble (3} zen hMonthly metzorclozical paremeters for Kululk stztion durmg the perted (1970-2000)

- H -
081 092

N
m 0.68 070 076 086 0.84

92 108 143 202 268 323 355 349 312 M9 169 110
m 709 652 502 506 334 220 211 225 248 350 550 708
38 37T 340 33 12 05 03 03 05 L9 30 AT
46.0  6L1 1002 1537 260.8 3518 4028 3743 2821 1856 836 470
683 664 631 470 138 02 03 01 06 128 429 601
2084 2827 3738 4601 5738 6578 6454 6033 5159 3792 2384 1893
4065 6204 8175 0020 11127 11570 11323 10350 8793 6855 5281 4547
042 045 046 047 052 057 057 058 050 055 0.49 042

Table (2):1I2zn honthly metzorelogics] parameters for Baghded station durimg the peried (1870-2000)

HH - C
0.68  0.67  0.69 088 079

N
175 05 0

1.7 155 125 284 323 M6 338 01 239 161 106
([RH% | 622 527 425 318 43 243 268 315 409 573 T2
33 34 3 27 05 04 05 07 21 31 33
1020 1777 2663 3830 5009 3581 5054 3603 2389 1239 703
356 M2 132 81 02 03 00 03 T2 265 369
3739 4666 5617 6308 TOS2 6977 6438 5523 4311 3220 2545
62904 8175 9929 11127 11570 11323 10359 8793 6835 5281 4547
0.5 035 056 057 061 062 062 061 06 0357 0.5

Teble(3): hizzn honthly meteorolegicel perametars for Buthe stznion durng the perted (1970-2000)

"~ Months
""--..,‘_ JAN MAR MAY | JUN | JUL | AUG | SEP | OCT

Meteo. ele. --“‘"'--.
0.63 067 069 069 086 088 089 087 081

WN 073
Mean air temp.(c”)

075 0.62
1.6 93 1A 137 139 281 MT M4 275 213 143 93

m 702 607 519 431 336 275 163 277 298 414 356 7ol

32 31 28 24 20 04 03 04 08 21 28 33
775 1125 1865 2752 3781 4700 5561 5075 3TL1 4T3 1302 783
143 205 202 161 67 01 01 00 04 113 163 178
2565 3408 4381 5661 6451 7198 TIS9 6335 8633 4345 3128 2460

Ho (w.d/m®) 2374 6663 8450 10072 11139 11520 11302 10449 9017 TI93  SATR 4963

048 051 053 056 058 06 063 063 062 0.6 055 0.5
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T AN

Tzble (8): Mz hlonthly metzorclogical parameters for Nestrive stetion durmg the pened (1970-2000)

HIH -~ H
Mean air

f— 140 135 49 307 M2 0 BT N9 269 193 133

RH% 592 504 417 M6 237 115 236 0 272 M5 530 669
total clond : 23 23 24 1.7 0.5 0.3 0.3 0.3 1.5 22 2.7

Evaporation{mm 110.,7 1901 2749 4048 5354 6121 5542 4178 2719 140.7 353
Rainfallimm} 2 192 209 105 50 0.2 0 0 0.8 56 150 212
H (w.dm 3325 4607 5437 3952 6142 6130 3913 3296 4260 3226 2677
Ho (w.d/m*) 2 6951 3660 10174 11138 11469 11273 10508 018% 7456 5003 5205
0.55 053 05 053 054 055 05 05 057 054 051

I1l. RESULTS AND DISCUSSION
Table (7) show the multiple regression equations obtained between clearness index and different meteorological
parameters in Mosul , Kirkuk , Baghdad , Rutba , Nasiriya stations.
Table (7) : Multiple regression Models for all stations

Stations Correlations E: LAIAE %ERARE
Mosul KT=0367+ I]Dﬂg%guﬂTﬁiﬁg]??DS%;ﬂéfniﬂl EH+0.004C + 0.993 0.83 101
T et IR I I
Baghdad K]'=I].2:'-1+I].I]I:IIJIII;I[DI:HE-E?]]“L%J_&DIIEIJI.:-;:EI-II]].-:I]‘I;I;]:RH+I].I]I]I]!ilC + 0.073 0.70 0.3
Rutha KT=0337+ I].I]_E';I’]',I’['Ill'](lrrsl%:Efghl?glgﬁl—lﬂtiﬂnﬂﬁﬂ RH-0.0055C 0,098 0.33 0.42
Ol R+ Y TN R

The coefficient of determination (R?) for these regression models are very high in all station and ranged between
(0.973-1.000).

This mean that (97.3-100)% of clearness index can be accounted by mean air temperature , sunshine ration ,
Relative humidity , Cloudiness , Rainfall and Evaporation in all stations.

The values of clearness index Calculated in the models were compared with the corresponding measured values.
These results are illustrated in fig2(a-e) for the considered stations. From this figure the deviation between the
measured and calculated values are very small during are months, and this mean that these models are suitable
to be used in calculating clearness index.

Fig (3) show a comparison between the observed and predicted clearness index values of the correlations for the
five stations in Iraqg.
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The values of (R?) for the correlations between KT (measureqy@nd KT esiimareay@re ranged between (0.973-0.999). This
mean that the evaluated are regression models in this study give a very good results to estimate clearness index
in all stations.
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Fig 2 (a-e) : comparison between the measured and estimated values of clearness index in all stations
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Fig (3) : correlations between measured and estimated clearness index in all stations.

V. CONCLUSION
The mean monthly global solar radiation , Mean air temperature , Sunshine ratio , Relative humidity ,
Cloudiness , Rainfall , Evaporation have been employed in this study to develop several multiple regression
equations in five locations in Irag. The evaluated all regression models give a very good results to estimate
clearness index in all stations , where the coefficient of determination (R?) for the regression models are very
high and ranged between (0.973-1.00).
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