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Forecas+ng	
  methods	
  

 machine learning techniques 

CM-­‐SI:	
  Cloud-­‐mo/on	
  based	
  on	
  sky-­‐
imagers	
  

CM-­‐Sat:	
  Cloud-­‐mo/on	
  based	
  on	
  
satellite	
  images	
  

NWP:	
  Numerical	
  
Weather	
  Predic/on	
  
model	
  

Figure	
  from	
  “Best	
  Prac/ces	
  Handbook	
  for	
  the	
  Collec/on	
  and	
  Use	
  of	
  Solar	
  Resource	
  Data	
  for	
  Solar	
  Energy	
  Applica/ons”,	
  Tech.	
  Report,	
  	
  	
  NREL/
TP-­‐5D00-­‐63112.	
  Available	
  online:hWp://www.nrel.gov/docs/fy15os//63112.pdf	
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Use	
  of	
  sta+s+cal	
  models	
  for	
  intra-­‐day	
  solar	
  forecas+ng	
  

1h 6h 

Focus	
  on	
  intra-­‐day	
  solar	
  forecas/ng	
  i.e	
  	
  predic/ons	
  of	
  the	
  solar	
  irradiance	
  from	
  1h	
  up	
  
to	
  6	
  hours	
  in	
  the	
  future	
  

Forecast horizon 

 machine learning techniques 
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Outline	
  of	
  the	
  presenta+on	
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Sites for intra-day solar  forecasting	
  

2 stations from the SURFRAD network:  
Desert Rock and Fort Peck 

 
SURFRAD Network, Monitoring Surface Radiation in the Continental United 
States. Available online: http://www.esrl.noaa.gov/gmd/grad/surfrad/index.html  
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Sites for intra-day solar forecasting 

 3 insular sites: La Réunion island (2) and  
Gran Canaria island  
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Data processing 

	
  
Clear	
  sky	
  index:	
  	
  

Forecasting models are fitted to the clear sky index time series 
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Sky conditions analysis 
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Benchmarking of the forecasting models 

Evalua/on	
  of	
  the	
  forecas/ng	
  performance	
  :	
  

2	
  references	
  models:	
  Persistence	
  and	
  climatological	
  mean	
  
	
  
1	
  /me	
  series	
  model	
  model	
  (ARMA	
  model)	
  with	
  recursive	
  
es/ma/on	
  of	
  the	
  parameters	
  
	
  
1	
  machine	
  learning	
  technique	
  (Ar/ficial	
  Neural	
  Network)	
  
	
  

Forecast	
  skill	
  parameter:	
  	
  
	
  

 ! % = 1− !"#$!"#!!"
!"#$!"#$

×100  1 

!"#$ = 1
! !"#!"#$!"#$.! − !"#!"#$%&"'.!

!
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Results - Reference models 
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Past	
  ground	
  
measurement	
  values	
  of	
  
k*	
  

Forecasted	
  k*	
  for	
  /me	
  
horizon	
  h	
  

Forecasting methodology with time series model 
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Results – Use of ground data only 
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Use	
  of exogenous inputs provided by NWP models 

GHI and TCC forecasts provided by 
the European Centre for Medium 
Range Weather Forecasts (ECMWF)  
 
o  IFS model 
o  Generated at 12h00 UTC (16h00 in Reunion) 
o  Available at 18h55 UTC (22h55 in reunion) 
o  Spatial resolution: 0.125° x 0.125° (≈ 14 x 

14 km near Reunion) 
o  Temporal resolution: 1 hour 
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Results – Combination of Ground and ECMWF data 
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Results – Combination of Ground and ECMWF data 

ü  higher values of s-skill scores are obtained with the combination 
of on-site measured  irradiance and NWP model output 
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Exogenous inputs provided by Satellite data 

Satellite-derived GHI for Gran Canaria 
obtained from Hel ioCl im solar 
radiation databases 
 
o  Spatial resolution: 3 km x 3km 
o  Temporal resolution: 15 mins 
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Selection of Satellite pixels 

Selec/on	
  of	
  satellite	
  pixels	
  by	
  calcula/ng	
  the	
  cross-­‐correla/on	
  between	
  
ground	
  clear	
  sky	
  index	
  and	
  satellite	
  clear	
  sky	
  indices:	
  

!!∗(!, !)! = !"## !!"#$%&∗ ! ,!!"#$%%&#$∗ !−! !!!!"#!!!!= !,!,!!&!! 
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Combination of Ground,  ECMWF and Satellite data 

ü  Overal l , the forecast ski l l of the 
combination GROUND+ECMWF+SAT is 
better than the forecast skill of the two 
other models GROUND+ECMWF and 
GROUND+SAT 
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Conclusions and further investigations 

 
ü Use of exogenous inputs (such as those provided by NWP models 

or Satellite data) improve the accuracy of the intra-day solar 
forecasts. 

 
 
Further investigations: 
 
 
u Use of other input paramters e.g. wind fields, humidity, cloud 

height provided by a NWP model 

u Implementation of ECMWF forecasts in an ARMAX Recursive 
Least Square model 
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