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1. Introduction – The Photosynthetically Active Radiation (PAR) is the portion of the solar irradiance 

located in the visible spectrum (400-700 nm). Unfortunately is not always easy to have access to 

measurements of PAR on an arbitrary location, so  empirical models are used to obtain PººAR estimates 

using other parameters such as Global Horizontal Irradiance (GHI), clear index (kt), solar zenith angle (θ), 

etc. These PAR estimates, obtained by means of empirical models, need to be tested against PAR 

measurements in order to evaluate their accuracy.  

In this work, modelling PAR in three stations with different climates is presented: Santiago-EOAS at the 

north of Spain, with oceanic climate; Centro de Desarrollo de Energías Renovables (CEDER-CIEMAT), 

at the center of Spain, with continental Mediterranean climate; and Plataforma Solar de Almería (PSA-

CIEMAT), at the southeast of Spain, with standard Mediterranean climate.  

 

2. Experimental – PAR and GHI ground level time series measured at the three stations were used: since 

1st January 2016 to 31st December 2017 at Santiago-EOAS, since 26th January 2016 to 20th August 2017 

at CEDER-CIEMAT, and since 24th February 2016 to 22nd June 2017 at PSA-CIEMAT. Then, each 

dataset was randomly divided into two subsets. The first subset were used to train three empirical PAR 

models: a conventional linear regression model (Model I) and two Artificial Neural Networks (ANN) 

models (Models II and III). Then, the second subset was applied to validate and compare the models.  

 

3. Results and Discussion – The results of ANN and conventional regression models are statistically 

significant [1]. In this work, Model I is a linear regression model which uses GHI and the extraterrestrial 

irradiance (G0) as inputs. The two other models, based on ANN, use as input variables: only GHI, in 

Model II; and GHI and G0, in Model III. Statistical results for these three models are shown in Table I. 

These results show that models performance is very similar in the stations with Mediterranean climate, 

though Model III clearly improves the results in the station with oceanic climate. 
 

Table I. Statistical results of models at each station 
 

Station Model R2 Intercept (W/m2) Slope MBE (%) RMSE (%) 

Santiago-

EOAS 

I 0.9943 3.722 0.960 1.363 5.174 

II 0.841 10.48 0.898 4.827 24.785 

III 0.9956 -0.067 1.004 0.293 4.056 

CEDER-

CIEMAT 

I 0.9988 -0.04 0.998 -0.248 1.688 

II 0.9984 -0.262 1.0 -0.305 1.979 

III 0.9991 -0.135 0.999 -0.207 1.486 

PSA-

CIEMAT 

I 0.9982 -1.369 1.012 -0.151 1.690 

II 0.998 -0.167 1.001 -0.06 1.708 

III 0.9981 -0.691 1.006 -0.055 1.668 

 

4. Conclusions – The ANN models used in this work do not improve the results obtained by a 

conventional linear regression model (Model I), based on GHI and G0 as inputs, at both continental and 

standard Mediterranean climate stations. On the contrary, in the oceanic climate station, ANN model 

(Model III) using the same inputs clearly improves the results provided by Model I. 
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