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Abstract - This study aimed to calibrate existing model (Platt and Paltridge model) and
develop a new models for estimating the different components of the solar radiation on a
horizontal surface in a clear sky data using commonly and available measured
meteorological records such as water vapor tension and temperature, etc. Four models
based on meteorological variables were generated and validated using daily data in
2013-2016 at the Oran Station (Algeria). Validation criteria included coefficient of
determination, root mean square error and mean bias error, the results showed that the
proposed models can estimate solar radiation values. The model based on the
temperature and the water vapor tension gives better results with statistical errors
obtained are as follows: NDMBE = 13.36 %, NDRMSE = 47.08 % and the correlation
coefficient R = 0.85 for the diffused component, the model based on relative humidity and
atmospheric pressure gives better results for the direct component with statistical errors
obtained are: NDMBE = -1.54 %, NDRMSE = 22.59 % and the correlation coefficient R
= 0.95 and The model based on the relative humidity and the water vapor tension with
results: NDMBE = 0.96 %, NDRMSE = 12.08 % and the correlation coefficient R = 0.98
for the global component.

Résumé - Cette étude visait a calibrer le modéle existant (modéle de Platt et de
Paltridge) et a développer de nouveaux modéles pour estimer les différentes composantes
du rayonnement solaire sur une surface horizontale pour un ciel clair a I'aide de données
météorologiques mesurées couramment et disponibles telles que la tension et la
température de vapeur d'eau, etc. Quatre modeles basés sur des variables
météorologiques ont été générés et validés a partir de données quotidiennes entre 2013-
2016 a la station d'Oran (Algérie). Les critéres de validation comprenaient le coefficient
de détermination, I'erreur quadratique moyenne et I'erreur de biais moyenne, les résultats
ont montré que les modeles proposés peuvent estimer les valeurs du rayonnement solaire.
Le modéle basé sur la température et la tension de vapeur d'eau donne de meilleurs
résultats avec les erreurs statistiques obtenues qui sont les suivantes: NDMBE = 13.36 %,
NDRMSE = 47.08 % et le coefficient de corrélation R = 0.85 pour la composante diffuse.
Le modele basé sur I'humidité relative et la pression atmosphérique donne de bons
résultats pour la composante directe avec les erreurs statistiques obtenues: NDMBE = -
1.54 %, NDRMSE = 22.59 % et le coefficient de corrélation R = 0.95, tandis que le
modele basé sur I'humidité relative et la tension de vapeur d'eau avec les résultats
suivants: NDMBE = 0.96 %, NDRMSE = 12.08 % et le coefficient de corrélation R =
0.98 pour la composante globale.
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1. INTRODUCTION

Algeria is a vast country with an area of 2.3 x 108 km?. Since the 1930s, weather
stations have been established.
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On the other hand, the measurements of the solar radiation components are non-
existent and if they exist, they have very long time gaps. Algeria wants to further
develop renewable energies to Algeria wants to further develop renewable energies to
benefit from strong solar insolation.

The estimation of solar radiation components in the clear sky is important to
estimate the maximum distributed on the national territory. Faced with this demand and
lack of data, several researchers have proposed the use of satellite imagery (Bachari,
2001) [1]; (Bouchouicha, 2016) [2]; (Rezzagui; 2017) [3].This technique presents an
effective solution, but it totally depends on the presence of database of the satellite
images on the one hand, and on the other hand it does not allow the estimation of the
direct radiation and diffused radiation.

Therefore, It is interesting to use physical methods to estimate solar radiation by
using meteorological data [4-12]. Lantri and Bachari, 2017 [13] based on the model of
Platt and Paltridge in 1983 a software, SHAMS, have been developed to allow the
estimation of different components of solar radiation based on meteorological data.

The proposed model is based on the following meteorological parameters: visibility
(Vis), atmospheric pressure (P) and relative humidity (H). Among the constraints found
was the lack of measured data. This lack of data directly translated by non-estimation of
the components of the radiation. To remedy this problem we are interested in asking the
following question:

Is it possible to estimate the different components of solar radiation using other
meteorological parameters?

In this work we propose an adjustment of the model of Platt and Paltridge to
estimate the different components of the solar radiation by proposing several variants
according to the different meteorological variables.

2. EXPERIMENTAL

The model (Modell) presented below is a model based on the three meteorological
variables: atmospheric pressure, relative humidity and visibility.
2.1 Calculation of irradiance due to direct radiation

The basic expression for total direct transmission has been suggested by Partridge
and Platt [14]. According to them, the normal direct irradiance to medium distance
Earth-Sun can be written

A

In =lsc (Toz Tr —w) Ta @)
1,, Direct solar irradiance, W/m2 1., Solar constant, W/m2 t,,, Transmittance

coefficient after absorption by ozone; a,,, Absorption of direct radiation by water
vapor.

oy =(29.U,)/ ((1 +1415.U,, )% + 5.925.UW) )

Uy , The condensable water thickness is corrected by optical path of radiation through
this layer, and is given by the following relation [cm].

Uy = W*m, (3)
W, The condensable water height, given by the following relation,

W =HR x (P /1013.15) @)
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m,, Relative optical path; HR , Relative humidity, %; P, Atmospheric pressure, mb;
T, , The transmittance coefficient after molecular diffusion or Rayleigh. Davies et al.
[15] have taken these words and presented the following relation:

1, = 0.972—-0.08262.m, +0.00933.mZ —0.00095.m? +0.000437.m (5)

m, , Air mass corrected by the pressure. The relation expressing this parameter is given
by:

m, = m, x (P/1013.25) (6)
T, , The transmittance coefficient after aerosol diffusion proposed by Méchler [16]. It is
given by the following relation:

ta = (097 —1.265 x (V15) 0% | m0® @
VIS, Visibilit¢ (5 < VIS <180), km

2.2 Calculation of illumination due to diffuse radiation
Illumination due to diffuse radiation on a horizontal surface is calculated by the
following relationship:
lg =lar + lga + ldm ®)
14, Diffuse solar irradiance, W/m? ; Iy, , Illumination due to the radiation scattered by
the different molecules of air, W/m? ; 14, Illumination due to the scattered radiation

by multi-reflections earth-atmosphere, W/m? ; ida, Illumination due to the radiation

diffused by the aerosols, W/m? ;

A.E. Leitch, P.B. Armstrong and K.H. Chu, 'Characteristics of dye adsorption by
pretreated pine bark adsorbent’, International Journal of Environmental Studies, Vol.
63, N°1, pp. 59 - 66, 2006 )

0., Zenital angle, °; Pg, Ground albedo; Pa, Sky, or atmospheric albedo, without
clouds. The latter is calculated by:

py = 0.0685 + 0.17 x (1 — t3) Wy (10)
W, Albedo of dispersion of the atmosphere.
T, , The transmittance coefficient after aerosol diffusion must be calculated by the air
mass

my = 1.666 x (P / Py)° (11)
Po, Atmospheric pressure of the level of the sea (1013 mb).

2.3 lllumination due to global radiation

In this model, the illumination due to global radiation is calculated by the following
relation:

1= 1,xcos0, + g (12)
| (Global solar irradiance, W/m?
2.4 Model reformulation technique
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In this section, we will present the laws and relationships that allow us to substitute a
meteorological variable with another one and generate new relationships linking the
different meteorological variables to one another.

2.4.1 Behavior of the air (gas mixture).

The experiments on the air show that it behaves like a perfect gas at low pressures.
That is, at low pressures, the air state variables are related to the ideal gas state equation.

The Gay-Lussac law [17] stipulates that at constant volume V, the pressure of a
perfect gas is directly proportional to the absolute temperature (expressed in K), for the
same quantity of gas in two state temperatures (To, T) and pressures ( Po, P) at the same
volume:

(Po/To = P/T)

So,
T o 27815xP o (13)
1013
o _ 101325xP w
273

2.4.2 Relative humidity

Cloud formation usually begins as soon as the initially moist air becomes saturated
with liquid water. It is conceivable then that the chances of cloud formations are even
bigger as the air is close to saturation. It is then interesting to be able to estimate this
proximity of the saturation. The relative humidity (hr) gives us this information: hr =
(Pw / Ps(t)).

The relative humidity is usually given as a percentage and is represented by HR
[18]:

HR = 100xhr = 100 x (P, / Ps(T)) (15)

Pw = Water vapor tension (partial pressure of the water vapor) [hPa]
Ps (T) = Saturated water vapor tension at T given according to the temperature by [hPa]:

.
P.(T) = 6.1078 x exp|17.269 x — 16
s(T) 8 p( X2w3+Tj (16)

2.4.3 The new relationships

2.4.3.1 Relative humidity as a function of the temperature and the water vapor
tension

From equations (15) and (16) we have:

1
HR = 16.3725x P, x| exp| 17.269 x _T
2373+ T

After simplification we find:

17)

HR = 5.18x10" x P, x exp(4097>< 9337 j

2373+ T

3.1.3.2 Relative humidity as a function of the pressure and the water vapor tension
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From equations (15) and (16) we have:

HR = 518 x1077 x P,, x exp(4097>< 9337 j

237.3 + (273.15 x (P/1013).25)

After simplification we find:

(18)

HR = 5.18x10"' x P, x exp| 15201x __ 2862
880.2644 + P

2.4.3.3 Temperature as a function of the relative humidity and the water vapor
tension

From equation (17) we have:

Exp| 4097 x 9337 = HR
2373+T) 518x107" x P,
After simplification we find:
-1
T = 4097.9337 x| In HR7 —237.3 (19)
518 x107" x P,

2.4.3.4 Pressure as a function of the relative humidity and the water vapor tension
From equations (19) and (13) we have:

-1
27315xP o5 _ 4097.9337 x| In HR ~ 2373
1013 518x 107" x P,

After simplification we find:

-1
P = 15201. 2862 x| In HR7 — 880.2644 (20)
518 x107" x P,

2.5 New Models

As we saw earlier, the initial model is based on atmospheric pressure, relative
humidity and visibility; we substitute one or two meteorological variables each time
with new ones, with the exception of visibility. And the relations concerned with the
substitution are:

The condensable water height

W:HR.(%.ZSJ (21)
Air mass corrected by pressure
m, =m;. (L.ZSJ (22)
1013
Air mass
my = 1.666x (P /Py (23)

2.51 Model 2 (based on velocity, relative humidity and temperature
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For {Eq. (14)} and {Eq. (4)}, we have

W =HR ( T j (24)
273.15
For {Eq. (14)} and {Eq. (6)}, we have
T
Ma =Mr - ( 273.15] (2)
For {Eqg. (14)} and {Eq. (11)}, we have
3
m; =1.666 x[ T j (26)
273.15

2.52 Model 3 (based on velocity, relative humidity and water vapor pressure)
For {Eq. (20)} and {Eq. (4)}, we have

-1
W =HR.| 15x| In HR7 - 0.8687 (27)
(5.18 x107" x Pyy)
For {Eq. (20)} and {Eq. (6)}, we have
-1
my =m, . | 15x| In HR7 —0.8687 (28)
(5.18 x107" x Py )

For {Eq. (20)} and {Eq. (11)}, we have

1 3
my =1.666. | 15x| In HR7 — 0.8687 (29)
(5.18 x 107 x Py )

2.53 Model 4 (based on visibility, water vapor pressure and temperature)
For {Eq. (17)} and {Eq. (4)}, we have

(30)

W = 18967 x 10720 x T x P, x exp[ MJ

237.3+T
m, and m; are given by {Eq. (22)} and {Eq. (23)} respectively.

2.54 Model 5 (based on visibility, water vapor pressure and pressure)
For {Eq. (18)} and {Eqg. (4)}, we have

31)

W = 51123 x 1070 x P x P,, x exp( 15201 .2862 J

(880.2644 +P)
m, and m; are given by {Eq. (6)} and {Eq. (11)} respectively.

2.6 Statistical Formulas
2.6.1 Statistical errors

Widely used statistical errors [19] are biased mean error (MBE) and mean squared
error (RMSE).
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Percentage deviations or a fraction of the estimated value from the measured value
and the mean relative error (MERR) defined as follows:

2.6.1.1 Average error

MBE = [2( Hei — Hini )j/n (32)

or in percentage

NDMBE:[((Z:( Hei — Hini )j/an (100/Hpy ) (33)

The mean error (MBE or NDMBE) gives an indication of an underestimate or an
overestimate [20] of the model in relation to the measures; it is negative if the model is
underestimated, conversely, if it is overestimated.

2.6.1.2 Mean quadratic error
/2

RMSE = [(Z:(Hci —Hmi )jz/” Jl (34)

or in percentage

NDRMSE = UZ‘E(Hci —Hpi ))Z/n Jﬂz x (100/Fipy ) (35)

Root mean squared error (RMSE or NDRMSE) represents the reliability of the
models. RMSE is even smaller as the model gets closer to the measurement results.

2.6.2 Coefficient of correlation (R)

The Correlation coefficient [21] can be used to determine the linear relationship
between measured values and estimated values, which can be calculated by the
following equation

z:(Hci —H¢) x (Hpi _ﬁm)

1/2
(Z;(Hci - Hc)2 X Z:(Hmi - ﬁm)zj

The indicator varies between -1 and 1. A value of 1 or close to 1 indicates a perfect
agreement between the measured and calculated value. A value of -1 or close to -1
indicates a perfect inverse relationship between the measured and calculated value. On
the other hand, a value close to 0 indicates a total disagreement.

R = (36)

3. RESULTS AND DISCUSSION

3.1 The data used

The data used in this work relate to an Algerian site, Oran. Thus, the geographical
characteristics of this site are given in the following table:

Table 1: Geographical features of Oran site

Site Latitude (°) Longitude (°) Altitude (m) Period of comparison
ORAN 35.63 0.6 920 2013-2014-2015-2016

3.2 The seasonal scale
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Table 2: Statistical errors of different components for each season of the year.
Components Models Errors Winter Spring Summer  Autumn
NDRMSE (%) 21,63 5,59 9,55 16,54
Model 1 NDMBE (%) -4,83 1,34 6,52 4,55
NDRMSE (%) 21,78 5,58 8,57 16,31
Model 2 NDMBE (%) -5.44 0,34 5,14 3,65
NDRMSE (%) 21,77 5.61 8,2 16,3
global Model 3 NDMBE (%) -5.41 0,08 4,56 3,51
NDRMSE (%) 24,28 10,52 8.95 16,75
Model4 NDMBE (%) -10,98 -7,24 -3,9 -3,46
NDRMSE (%) 42,45 50,85 35,34 61,74
Model 5 NDMBE (%) 17,54 28 -4.81 37,78
NDRMSE (%) 293 17,6 23,03 234
Model1  NDMBE (%) 9,51 -6,57 10,72 -2,93
NDRMSE (%) 28,07 19,63 21,36 24,1
Model2  NDMBE (%) -11,03 -9,6 6,03 -5,18
NDRMSE (%) 28,05 20,22 20,97 243
direct Model 3 NDMBE (%) -10,97 -10,37 4,11 -5,54
NDRMSE (%) 31,81 25,33 21,63 27,59
Model4  NDMBE (%) -16,5 -16,72 -3,51 -12,01
NDRMSE (%) 24,86 15,38 27,26 23,36
Model 5 NDMBE (%) 2,21 0,15 17,66 4,42
NDRMSE (%) 43,82 533 35,85 64,18
Model 1 NDMBE (%) 19,35 30,72 -3,38 40,44
NDRMSE (%) 47,52 58,73 36,32 69,22
Model 2 NDMBE (%) 23,39 37,24 3,01 46,11
NDRMSE (%) 47,61 60,23 36,88 70,15
diffuse Model 3 NDMBE (%) 23,31 38,92 5,62 47,13
NDRMSE (%) 42,45 50,85 35,34 61,74
Model 4 NDMBE (%) 17,54 28 -4.81 37,78
NDRMSE (%) 50,21 60,3 36,79 12,22
Model 5 NDMBE (%) 26,61 38,63 1,77 48,92

Table 2 shows the statistical results obtained from all models for each season of the
year, through the table, we observe the following

3.2.1 Winter- We find that all models underestimate the measurements of both
components (direct and global), except in the case of model 5 in the global component
that overestimate the measurements of the diffuse component.

We note that the lowest quadratic error value corresponds to modell for the global
component, model 5 for the direct component and model 4 for the diffuse. The
NDRMSE values are equal to 21.63 %, 24.86 % and 42.45 % respectively.

3.2.2 Spring- We find that all the selected models overestimate the measures for both
components (diffuse and global), except in the case of model 4 of the global component
that underestimate the measures for the direct component; and in the case of model 5
that overestimates the measurements of the diffuse component.
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We note that the lowest quadratic error value corresponds to model 2 for the global
component, model 5 for the direct component and model 4 for the diffuse. The
NDRMSE is equal to 5.58 %, 15.38 % and 50.85 % respectively.

3.2.3 Summer- We note that model 4 underestimates the measurements of the three
components, models 1 and 5 respectively underestimate the measurements in the diffuse
and global components and models 2 and 3 overestimate the measurements of the three
components.

In the case of a direct component, the mean squared error (NDRMSE) is smaller for
model 3; and this value is equal to 20.97 %.

In the case of a diffuse component, (NDRMSE) is lower for model 4 and its value is
equal to 35.34 %. As for the global component, model 3 has a value of (NDRMSE)
equal to 8.2 %.

3.2.4 Autumn- We find that all the chosen models overestimate the measures for both
components (diffuse and global), except for model 4 in the global component that
underestimate the measures for the direct component; and for model 5.

In the case of a direct component, the mean squared error (NDRMSE) is lower for
model 5, and this value is equal to 23.36 %. In the case of a diffuse component,
(NDRMSE) is lower for model 4 and its value is equal to 61.74 %; and for the global
component, model 3 is with a value of (NDRMSE) equal to 16.3 %.

We can note that the best estimates for the global and direct components relate to
spring and summer; and in the case of diffuse component the best estimates in winter
and summer.

3.3 The annual scale

Table 3: Coefficient of correlation R between the measured
and calculated values for three components of solar radiation for each mode

Component Model1l Model2 Model3 Model4 Model 5

Global 0,98 0,98 0,98 0,98 0,98
Direct 0,95 0,95 0,95 0,95 0,95
Diffuse 0,85 0,86 0,86 0,85 0,85

| I'NDMBE MNDRMSE |

Pourcentage(%)

Models

Fig. 1: Errors NDMBE and NDRMSE of daily solar
radiation for each mode (direct component)



74 F. Lantri et al.

(=)
o

(i NDMBE N NDRMSE|

v
o

-~
[=]

Pourcentage(%)

N
(=]

[
(=]
'

2%

(=]
I

20

1l A

15 : \\—

10

4
77

0 __||||||||||||b\ mlumm&% munmm&
‘ Model 1 Model 2 Model 3 el 4 Model 5
Models

-10

Fig. 3: Errors NDMBE and NDRMSE of daily solar
radiation for each mode (global component)

Figure 1, figure 2 and figure 3 illustrate the statistical errors of different components
of daily solar radiation for each mode, through these figures, we observe the following.

3.3.1 Direct- We find that all the selected models underestimate the measures, except in
the case of the model 5 where the measures are overestimated. We note that the lowest
quadratic error value corresponds to model 1. The NDRMSE is equal to 22.59 %.

3.3.2 Diffuse- We find that all the models overestimate the measurements. We note that

the lowest quadratic error value corresponds to model 4. The NDRMSE is equal to
47.08 %

3.3.3 Global- We find that all the selected models overestimate the measures, except in
the case of model 4. We note that the lowest squared error value corresponds to model 3
and is equal to 12.08 %.

Table 3 shows that there is a strong correlation between the measured and
calculated values of the global and direct components and a lower value for the diffuse
component for all models.

4. CONCLUSION

In the absence of radiation data, reliable estimates can be made from easily available
meteorological observations of temperature, relative humidity etc....
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In this study, using the Oran station (Algeria) as a case study, one model exist and
Four proposed models were calibrated and evaluated using the daily meteorological data
from January 2013 to December 2016 for estimating the different components of the
solar radiation on a horizontal surface in a clear sky.

From the previous study we propose a strategy for selecting an optimal method, for
estimating daily components of solar radiation in Oran: for estimated the direct
component, we use Model 1 (based on relative humidity and atmospheric pressure);
when to estimated the diffused component, we use Model 4 (based on the temperature
and the water vapor tension) and use Model 3 (based on the relative humidity and the
water vapor tension) for estimated the global component.

Through all of the above we conclude, that in the case of gaps in measurements of a
meteorological variable can be calculated or replace with other meteorological variables
with ease, but the performance of the new variables varies according to the seasons of
the year as well as the component to be estimated.
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