Predictability of Solar Radiation for Photovoltaics systems over Europe:
from short-term to seasonal time-scales
1

2,3,4

Matteo De Felice , Marcello Petitta

1

, Paolo Ruti

1. ENEA, Climate Modeling and Impacts Laboratory (UTMEA-CLIM), Rome, Italy; 2. ENEA, UPRSE, Rome, Italy
3. EURAC, Institute for Applied Remote Sensing, Bolzano/Bozen, Italy; 4. Sapienza Innovazione, Rome, Italy
{matteo.defelice, marcello.petitta, paolo.ruti}@enea.it

A BSTRACT
Photovoltaic diffusion is steadily growing on Europe, passing from a capacity of almost 14 GWp in 2011 to 21.5 GWp in 2012 [1]. Having accurate forecast is needed for planning and operational purposes, with the possibility to model and predict solar variability at different time-scales.
This study examines the predictability of daily surface solar radiation comparing ECMWF operational forecasts with CM-SAF satellite measurements on the Meteosat (MSG) full disk domain. Operational forecasts used are the IFS system up to 10 days, Ensemble Prediction System (EPS), and the
System4 seasonal forecast up to three months. Forecast are analysed considering average and variance of errors, showing error maps and average on specific domains with respect to prediction lead times. In all the cases, forecasts are compared with predictions obtained using persistence and
state-of-art time-series models. We can observe a wide range of errors, with the performance of forecasts dramatically affected by orography and season.

S ATELLITE DATA

P REDICTABILITY OF S OLAR R ADIATION
Solar radiation measurements
used in this paper are obtained from
the Satellite Application Facility on
Climate Monitoring (CM-SAF) [2],
part of EUMETSAT’s SAF Network.
Considered variable is the surface
incoming shortwave (SIS) radiation
on the Meteosat (MSG) full disk as
is visible in the left figure where the
average solar radiation is shown for
the years 2011-2012.

Using data from different sources (see “Solar Radiation Data” box) we
compared the average on the Italian domain (36N-48N, 9E-19E) with the
observations for the years 2011-2012. For all the cases we considered the
anomalies computed as described in the “Solar Radiation Data” box. The
correlation coefficients are here shown:

S OLAR R ADIATION D ATA
In this work we compared the observed daily solar radiation (CM-SAF
data) with the data provided by three different ECMWF forecasts:
1. Short-term operational forecasts (1-10 days)
2. Ensemble Prediction Systems (EPS, 1 to 31 days)
3. System4 Seasonal Forecasts (one to three months)
All the models have been interpolated on the same grid of CM-SAF data.
To remove the seasonal cycle we used the following procedure:
1. For each daily sample we computed the average considering a window
of five days before and five days after
2. Each daily sample is replaced by its deviation from the average computed in the previous step
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For EPS and System4 for each daily sample we considered the forecast
issued at the nearest starting date (each Thursday for EPS and the first day
of each month for System4).
What happens if instead of evaluating the capability to predict the exact value of solar radiation we evaluate the capability to predict a radiation
below or above normal? We define three events:
• Upper: the solar radiation anomaly is above the 66th percentile of the
distribution of anomalies on the entire domain

Using solar power production data from 65 Italian plants black-box
models have been built considering two inputs: air temperature and solar
radiation. Using satellite data and E-OBS temperature we compared linear
models (an example in left figure) with Support Vector Machine based models (right figure), with the latter leading to better performances. We divided
the plants in two groups: North and South. In the first group (North) we
have all the PV plants above the 44◦ 500 latitude, 34 PV plants with a total of
127 MW. Remaining plants are in the other group (South), 31 PV plants with
a total of 288 MW. Forecasting error using operational forecasts (1–10 days)
of solar radiation and temperature are the following:
Median Absolute Percentage Error (MdAPE) in predicting solar power output for
65 plants in Italy for the years 2011-2012 using ECMWF operational forecasts of
temperature and solar radiation.

• Lower: as in upper but considering the values below the 33rd percentile
• Nothing: when the anomaly is under the 66st and above the 33rd percentiles.
For all the three events we evaluate the accuracy as the ratio of correct
classified events over their total number.
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