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ABSTRACT 
 
The evaluation of the solar deposit is essential for the sizing of photovoltaic systems. This 
requires the availability of radiation data. In this work, an analysis of the results provided by four 
models for the estimation of hourly values of global radiation on a horizontal plane was made 
for the year 2017. The models retained for the study are the Bird and Hulstrom model, the Davy 
and Hay model, the Capderou model and the Liu and Jordan model. Three sites were affected: 
Ouagadougou, Dori and Gaoua. The validation of the models is carried out by a comparison 
between the radiation measured and that given by the various models. The radiation data 
comes from the Burkina weather forecast. The different models have been validated by several 
statistical indicators (RMSE and normalized MAE) and graphs for a clear sky. Scoring criteria 
have been established to assess the relative quality of each model. We found that for some 
models, there is a good agreement between the measured values and those estimated by 
some models for the Dori site, while they are not with the values measured for the 
Ouagadougou and Gaoua sites. 
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1. INTRODUCTION 
Of all the forms of energy, solar energy is the most abundant inexhaustible energy resource on 
earth, it represents the main source of energy for the earth-atmosphere system [1]. Its use at a 
given site and the optimization of its collection are the starting point for any investigation in the 
field of solar and bioclimatic architecture. This requires knowledge of the distribution of solar 
irradiation which is a function of several geographical, meteorological and astrological 
parameters [2]. Burkina Faso, with a sunshine potential estimated at an average of 5.5 
kWh/m2/day for a sunshine duration varying between 3000 and 3500 h/year, can considerably 
reduce its fossil energy bill by turning to the production of solar energy [3]. Sunshine data is 
collected annually by meteorological stations around the world, but the distribution of its stations 
does not generally cover the entire territory of the country. Thus, data collected for a locality are 
most often extrapolated to an entire region where there may be microclimates. Standard values 
are therefore defined at the scale of a region or a country to size solar collectors and to size 
cooling or heating needs in the homes. This situation can lead to oversizing of solar equipment. 
The random and discontinuous aspect of solar energy as well as the phase shift of its 
availability, in time, compared to the needs of an energy exploitation, shows the importance and 



 

 

the need to know the solar deposit [7]. Developing tools and technics to have more precise data 
becomes an imperative if we want to achieve better sizing and thus move towards energy 
savings, in particular in solar and bioclimatic architecture. By not being able to install 
meteorological stations over the entire extent of a territory, the use of the theoretical model is 
interesting insofar as they make it possible to have local data and this with reduced costs. The 
studies on the estimation of solar radiation already carried out in Burkina ([4], [5], [6], [3]), do 
not provide standard models for all regions. Many models make it possible to reconstruct the 
components of solar radiation ([8], [9],). The objective of this study is to analyze the response of 
four models in relation to the measurements made by the national meteorological service for 
the year 2017. This analysis leads to the use of different models depending on the geographical 
position of the cities studied (Model of Bird &Hulstrom, model of Davies & Hay, model of 
Capderou and that of Lui and Jordan). More specifically it will be: 

 Study and compare global radiation on a horizontal plane with measurements made by 
the weather forecast, 

 Choose the one that is most suitable for each city. 

2. MATERIAL AND METHODS 
 
2.1 Methodology 
 
Among the models for estimating radiation, those which are semi-empirical, have a local 
character and make it possible to calculate the direct, diffuse and global components [10]. In 
Burkina Faso, the national meteorological agency has about ten measuring stations in the 
country. The country is subdivided into three (03) climatic zones. In our study, we used as data 
measurements of global irradiation on an hourly scale for the sites of Ouagadougou, Gaoua 
and Dori. The choice of these sites was based on the availability of the radiometric data sought 
and on the difference in climate between them. The geographical characteristics of the sites 
studied are given in table 1 below and figure 1. 
 

 
Figure 1 : Geographical Location of the Cities Studied 

 
 
Table 1 : Geographical coordinates of the sites used 



 

 

Cities Gaoua Ouaga Dori 
Latitude 10,32 12,35 14,03 
Longitude -3 ,17 -1,52 0,03 
Altitude (m) 329 296 277 

Climatic zone Sudanian zone Sudano-
Sahelian zone 

Sahelian 
zone 

 
For each month of the year, a day was chosen based on the typical monthly day (defined by a 
characteristic declination) and which has a daily irradiation equal to the monthly average [7]. In 
our study, the determination of the days was done initially by observing the shape of the 
sunshine curves on the Excel software. Secondly, when the shape of the curve is good, we 
check the status of the day on the Giovanni site Giovanni (nasa.gov)[11]. Otherwise, the day is 
replaced by a day of the same month which has better characteristics on the site. 
To obtain a validation of solar radiation, a comparison between the estimates of the four 
radiation models on the horizontal plane, delivered by the Matlab calculation code in clear skies 
and the solar radiation provided by the Burkina meteorological station for the year 2017, was 
made over a period covering the whole year in order to have a high representativeness of the 
results. The results of the simulations carried out were first compared graphically in the form of 
representative curves with the measured values and those estimated by each of the models, 
then to evaluate these simulations from a statistical point of view, we calculated the most used 
scores for evaluate estimation models. It is:  

 The Mean Absolute Error (MAE) which is calculated by the following relationship:  
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With two dispersion measures such as RMSE and MAE and three normalization means, there 
are six possible methods to calculate the percentage error [12]. Of these six (06) possible 
methods to calculate the percentage of error, those using the average radiant energy were 
exploited. 

 Normalized RMSE (NRMSE) is calculated as follows:  
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meVal  : average of measured values  

 Normalized MAE (NMAE) is calculated as follows:  
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Of these two normalized quantities, the NMAE provides the best practical measure of relative 
dispersion error based on the selected endpoints and subjective assessments [12]. 
 
2.2Description of study models 
 
Table 2: Description of the models selected for the estimation of diffuse and global direct 
solar radiation on a horizontal plane.  
 
Authors Model equations Type  
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[13], [10] 
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[14], [15], [16] 
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Capderou 
[10], [17] , [18] 
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3. RESULTS AND DISCUSSION 
 
By quarter, the graphical results of a single month are represented. But, three types of curves 
are represented for four (04) months of the year. These are the curves given by the different 
models and those of the weather, the curves of the relative errors for each model and the 
curves of the different models according to the measured data.  
3.1 RESULTS 
 
3.1.1 In the City of Dori 
 

 
Figure 2: Comparison between the measured 
radiation and the simulated radiation of the three 
(03) theoretical models on 04/17/2017 in Dori 

Figure 3: Relative error between the measured 
radiation and the simulated radiation of the three 
(03) models on 04/17/2017 in Dori 
 

 

 
Figure 4: Comparison between the measured 
radiation and the simulated radiation of the three 
(03) theoretical models on 07/29/2017 in Dori 

 
Figure 5: Relative error between the measured 
radiation and the simulated radiation of the three 
(03) models on 07/29/2017 in Dori 

 



 

 

 
Figure 6: Comparison between the measured 
radiation and the simulated radiation of the three 
(03) theoretical models on 09/15/2017 in Dori 

 
Figure 7: Relative error between the measured 
radiation and the simulated radiation of the three 
(03) models on 09/15/2017 in Dori 

 

Figure 8: Comparison between the measured 
radiation and the simulated radiation of the three 
(03) theoretical models for the day of 18/01/2017 in 
Dori 

 
Figure 9: Relative error between the measured 
radiation and the simulated radiation of the 
three (03) models on 01/18/2017 in Dori 

 



 

 

 
Figure 10: Simulated radiation versus measured radiation for the city of Dori 

 
 
3.1.2In the City of Ouagadougou  

 
Figure 11: Comparison between the measured 
radiation and the simulated radiation of the three 
(03) theoretical models on 03/16/2017 in Ouaga 

 
Figure 12: Relative error between the measured 
radiation and the simulated radiation of the 
three (03) models on 03/16/2017 in Ouaga 

 



 

 

Figure 13: Comparison between the measured 
radiation and the simulated radiation of the three 
(03) theoretical models on 06/30/2017 in Ouaga 

 
Figure 14: Relative error between the measured 
radiation and the simulated radiation of the three 
(03) models on 06/30/2017 in Ouaga 

 
 

 
Figure 15: Comparison between the measured 
radiation and the simulated radiation of the three 
(03) theoretical models on 09/15/2017 in Ouaga 

 
Figure 16: Relative error between the measured 
radiation and the simulated radiation of the 
three (03) models on 09/15/2017 in Ouaga 

 



 

 

  

Figure 17: Comparison between the measured 
radiation and the simulated radiation of the 
three (03) theoretical models on 10/12/2017 in 
Ouaga 

Figure 18: Relative error between the measured 
radiation and the simulated radiation of the 
three (03) models on 10/12/2017 in Ouaga 

At the end 

 
Figure 19: Simulated radiation as a function of measured radiation for the city of 
Ouaga 
 

 
 



 

 

 
3.1.3 In the City of Gaoua 

 
Figure 20: Comparison between the measured 
radiation and the simulated radiation of the 
three (03) theoretical models on 3/17/2017 in 
Gaoua 

 
Figure 21: Relative error between the 
measured radiation and the simulated 
radiation of the three (03) models on 
3/17/2017 in Gaoua 
 

 

 
Figure 22: Comparison between the measured 
radiation and the simulated radiation of the three 
(03) theoretical models on 1/18/2017 in Gaoua 

 
Figure 23: Relative error between the 
measured radiation and the simulated 
radiation of the three (03) models on 
18/01/2017 in Gaoua 

 



 

 

 
Figure 24: Comparison between the measured 
radiation and the simulated radiation of the three 
(03) theoretical models on 15/10/2017 in Gaoua 
 

 
Figure 25: Relative error between the measured 
radiation and the simulated radiation of the 
three (03) models for the day of 15/15/2017 in 
Gaoua 

 

Figure 26: Comparison between the measured 
radiation and the simulated radiation of the 
three (03) theoretical models on 10/12/2017 in 
Gaoua 

 
Figure 27: Relative error between the measured 
radiation and the simulated radiation of the three 
(03) models on 10/12/2017 in Gaoua 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Figure 28: Simulated radiation as a function of measured radiation for the city of 
Gaoua 
 

 
3.1.4 Statistical Indicators 

 
Table 3: Statistical indicators of the four models and for the different chosen days of the 
year for the three cities 
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 Models Day 18- 
Jan 

19- 
Feb 

16-
Mar  

17-
Apr 

09-
May 

23-
Jun 

29-
July 

16-
Aug 

15-
Sept 

15-
Oct 

14-
Nov 

10-
Dec 

 
Bird and 
Hulstrom 

NMAE(%) 13,20 3,20 18,00 7,70 29,50 26,60 3,80 22,80 6,50 6,10 2,90 1,90 
 NRMSE(%) 16,50 3,70 21,10 11,20 39,90 27,50 5,70 26,20 8,00 7,10 3,60 1,80 
 

Capderou 
NMAE(%) 19,40 6,60 24,10 11,80 29,50 27,40 4,00 22,60 6,90 7,60 6,00 4,90 

 NRMSE(%) 24,10 7,90 31,10 15,50 39,90 35,80 5,30 29,50 9,00 9,30 6,90 5,50 
 

Davy and 
Hay 

NMAE(%) 15,10 3,40 20,40 10,30 29,30 29,30 7,40 26,30 9,30 9,00 4,30 2,60 
 NRMSE(%) 18,40 3,80 25,00 11,80 37,30 36,40 7,10 32,10 10,40 10,40 9,50 5,10 
 

Lui & 
Jordan 

NMAE(%) 14,80 3,90 22,60 14,40 36,10 37,80 12,90 33,20 13,50 11,00 4,90 2,50 
 NRMSE(%) 18,30 4,40 28,90 18,20 47,40 48,20 16,80 42,40 17,10 12,90 6,30 2,50 

  Models Day 17-
Jan 

16-
Feb 

16-
Mar 

17-
Apr 

15-
May 

30-
June 

07-
July 

16-
Aug 

15-
Sept 

5-
Oct 

14-
Nov 

10-
Dec 

O
ua

ga
  

Bird and 
Hulstrom 

NMAE(%) 26,70 22,40 34,90 38,40 51,50 25,10 38,10 21,40 20,70 24,00 38,70 18,30 
 NRMSE(%) 32,70 28,40 44,10 51,20 68,00 33,60 53,20 26,60 25,80 30,40 48,10 21,20 



 

 

 
Capderou 

NMAE(%) 33,80 29,30 41,70 43,40 54,40 22,20 37,60 23,30 19,90 25,80 42,50 23,10 
 NRMSE(%) 41,60 37,30 53,50 59,10 73,30 30,30 53,80 29,40 26,20 33,60 53,70 27,10 
 

Davy and 
Hay 

NMAE(%) 28,60 24,40 25,80 41,10 54,20 24,50 40,30 23,40 21,80 26,80 40,40 19,90 
 NRMSE(%) 35,00 30,60 46,90 54,40 71,40 31,90 56,20 29,00 27,80 33,50 51,00 23,30 
 

Lui & 
Jordan 

NMAE(%) 28,40 25,30 39,90 46,70 62,60 33,00 50,20 35,60 26,60 29,70 41,60 19,70 
 NRMSE(%) 34,90 32,10 51,20 62,90 83,80 43,80 69,20 47,10 35,00 37,90 52,80 23,20 

  Models Day 18-
Jan 

19-
Feb 

17-
Mar 

19-
Apr 

16-
May 

19-
June 

09-
July 

29-
Aug 

27-
Sept 

15-
Oct 

14-
Nov 

10-
Dec 

G
ao

ua
 

 
Bird and 
Hulstrom 

NMAE(%) 27,70 16,50 16,90 24,10 19,40 17,60 20,70 16,90 11,80 18,30 18,90 28,00 
 NRMSE(%) 34,20 17,40 19,10 31,10 23,70 22,10 24,60 22,20 14,50 20,10 22,20 33,80 
 

Capderou 
NMAE(%) 33,90 20,00 20,70 26,50 21,50 18,50 21,40 17,40 17,60 19,10 21,70 31,70 

 NRMSE(%) 41,40 22,20 24,40 34,80 26,60 22,60 26,50 20,20 21,70 21,30 25,50 38,70 
 

Davy and 
Hay 

NMAE(%) 29,30 17,30 17,90 25,40 20,70 21,80 21,20 19,80 17,50 19,00 19,90 28,60 
 NRMSE(%) 36,00 18,50 20,60 32,60 25,60 27,00 27,60 20,60 21,50 20,90 23,90 35,50 
 

Lui & 
Jordan 

NMAE(%) 29,40 17,90 19,70 27,60 25,20 22,80 26,50 20,00 19,10 19,70 21,00 28,90 
 NRMSE(%) 36,00 19,40 23,10 37,00 32,70 30,10 36,40 24,20 23,80 22,70 25,00 35,50 

 
3.2DISCUSSION 
The curves in Figures 2 to 28 represent on the one hand the radiated simulated and measured 
as a function of true solar time (TSV), on the other hand the curves of the relative errors 
between the radiation simulated and measured as a function of time and finally the simulated 
radiation versus measured radiation. Overall, the shapes of the measured and simulated 
radiation curves are the same and vary during the day. All the curves have the shape of a bell 
for the three cities and for the day of the different months of the year. For the cities of Dori and 
Ouaga, the simulated and measured curves are practically in phase throughout the day, but for 
those of Gaoua, a slight phase shift is observed between the simulated and measured curves 
and this results in the observation of points of intersection in the figures. The values of the 
simulated and measured radiation are low at sunrise and sunset and reach their maximum in 
the middle of the day. This is in agreement with the course of the sun during a day. The 
differences between the radiation curves simulated and measured during the day are more 
pronounced for the city of Ouagadougou than those of Gaoua. For the city of Dori, these 
differences are relatively smaller than those of the two previous cities. The normalized values of 
the RMSE and MAE in table 3 confirm this observation. Indeed, the values for the city of 
Ouagadougou are higher than those of the cities of Gaoua and Dori. The lowest values are 
observed for the city of Dori and this for all models. Table 3 shows that in all cases, the 
normalized values of the RMSEs are higher than the normalized values of the MAEs. Jan 
Kleissl et al [12] raises the issue of the most appropriate magnitude to declare the dispersion 
error between the RMSE and the MAE. The main difference between the two is that RMSE is 
determined by the square of the differences, unlike MAE. Therefore, outliers have much more 
influence on reported accuracy when using the RMSE metric. This is therefore also valid for the 
normalized values of these quantities. 
 
For the city of Dori, the values of the simulated radiation as a function of the measured radiation 
show that the points in the graphic representation are very close to the 1st bisector and slightly 
above it. Similarly, the relative errors during a day are relatively small for the city of Dori. This is 
not the case of the city of Ouagadougou where the values of the simulated radiations according 
to the measured radiations are all above the 1st bisector compared to those of the city of Dori. 
This shows an overestimation of the radiation by the simulated data. The values of relative 
errors during a day are also higher. The study conducted by Ouédraogo et al [3], and 



 

 

concerning the city of Ouagadougou and over a period of three months in the year 2019, also 
showed that the model of Liu and Jordan and that of Capderou overestimate the radiation in the 
city of Ouagadougou for the chosen study days. For the city of Gaoua, the simulated radiation 
has higher values in the morning until part of the afternoon and lower for the other part of the 
afternoon. The observation of the simulated radiation as a function of the measured radiation 
confirms this. Indeed, part of the points are found above the 1st bisector and the other part 
below. It is the same for relative errors during a day where the curves decrease until they 
cancel out in the morning until part of the afternoon, to then increase in the second part of the 
afternoon. -noon until sunset. For the cities of Dori and Ouagadougou, Guengané et al [6], 
using data from a typical year in Burkina, showed that the Davies & Hay model underestimates 
global insolation. But for the Bird &Hulstrom model, the estimated global radiation are very 
close to the measured values. On the other hand, an underestimation of the peak of sunshine 
by the Bird &Hulstrom model for the average day of December is noted. 
 
To summarize, the good values of the statistical indicators for the city of Dori can be explained 
by a good clarity of the sky. Unlike the city of Ouagadougou where the sky is much more 
polluted. At the level of Ouaga, the overestimates can be attributed to anthropogenic activities. 
Indeed, in Ouagadougou, pollution linked to human activities is numerous. The large number of 
motorized vehicles release a lot of gas in nature. In addition, the vast majority of roads are not 
paved, which generates dust during the movement of motorized vehicles. These dusts and 
gases released constitute aerosols which contribute to attenuating the solar radiation in the city. 
The models valid for a clear sky, must be reviewed to take into account the strong contribution 
of aerosols (which is not the case of the models of Capderou and Liu and Jordan). Gaoua being 
a city located in the south of the country which is an area experiencing better rainfall than the 
center and the north, the overestimations of the theoretical models can be explained by the low 
solar potential and also by the high relative humidity of this area. The increase in relative 
humidity leads to the suspension of water molecules which further contribute to the reflection of 
direct radiation. Studies show that aerosols affect the Earth's radiation balance ([19] [20]). Bado 
and al showed that mixed or intermediate days are the most frequent and are due to a mixture 
of dust and combustion particles. 
A classification of the different models shows that the model of Bird and Hulstrom is the one 
which comes closest to the measured radiation, followed by that of Davies and Hay and finally 
by that of Capderou. In the town of Dori, the most appropriate model for estimating solar 
radiation is therefore that of Bird and Hulstrom. For the cities of Ouagadougou and Gaoua, the 
different models are not suitable. 
 
4. CONCLUSION 
 
In this article, four (04) models for estimating global solar radiation at hourly intervals on a 
horizontal plane were studied in three (03) cities of Burkina. These are Dori, Ouagadougou and 
Gaoua. This work allowed us to compare measured values and those estimated by four 
parameterized models for the year 2017. Standardized statistical indicators and graphics were 
used to validate the models. It appears from the study that these models can approach reality 
with great precision with only a few meteorological data for the city of Dori. But for the cities of 
Ouagadougou and Gaoua, the calculated statistical indicators show a difference between the 
simulated values and the measured values. As a result, the models do not properly estimate the 
radiation in these two cities for the year 2017. Since measurements of direct and diffuse 
radiation are not available, it was not possible to compare them with those simulated. Such a 
study would fill the gaps in terms of measurements for the different components of solar 
radiation. It should be remembered that these models studied are specific to days characterized 
by a state of clear skies. Moreover, the direct use of the models proposed in the literature can 



 

 

lead to an overdimensioning of solar systems. The validation of radiation models is a method of 
choice before any exploitation. 
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DEFINITIONS, ACRONYMS, ABBREVIATIONS 
Here is the Definitions section.  This is an optional section. 
Term: Definition for the term 
h : hour 
A :  Constant that depend on the state of the sky 
B :  Constant that depend on the state of the sky 
BH : Bird and Hultrom 
C :  Constant that depend on the state of the sky 
CD : Capderou 
D  : Diffuse  
DH : Davy and Haye 
G : Global 
I : Direct 

I0 : Averagesolar constant  

ISC :  Extraterrestrialsolar constant  
kWh : kilo 
LJ : Liu and Jordan 
m2 : square meter 

ma : Correctedoptical air mass  
MAE  : MeanAbsoluteError 



 

 

mr : Relative optical air mass  
N : Number of value  
nj : Number of day of the year  
NMAE  : NormalisedMeanAbsoluteError 
NRMSE : Normalised Root Mean Square Error  

z :  Zenithal distance 
RMSE : Root Mean Square Error 
a : Transmission coefficient afteraerosol diffusion 
g :  Transmission coefficient after absorption by the permanent gases (CO2 et O2) 

TL : Number of idealatmospheres 
O : Absorption coefficient by the ozone layer 

r : Transmission coefficient after molecular or Rayleigh scattering 
TSV  : Truesolar time  
W : Transmission coefficient after absorption of radiation by water vapour 

TW : Disturbance due to gaseous absorption 

Vales : estimated value 

Valme : measured value 
z  : Altitude of the location  

 


