
Spatio-temporal 

graph-based 

methods for  

multi-site PV 

forecasting

Rafael E. Carrillo

PV-center, CSEM

INTERSOLAR Europe, 06-10-2021



2

Forecasting: state of the art

• 6h to 3 days: numerical weather prediction 

(NWP) (+model-output statistics)

• 2h to 6h: satellite-based cloud motion tracking

• 0 to 30 min: full-sky imaging with cloud motion 

tracking

• Challenge: In general NWP have limited spatial 

resolution 

NWP data from the Weather 

Research and Forecasting (WRF–NWP 

3.6.1) mesoscale model by NCAR
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Another look
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Multi-site PV forecasting

• Solution: use graph-based ML to model spatio-temporal correlations of 

the production data
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Data quality challenge
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Graph-based solution for PV forecasting
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Forecasting problem 
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Forecasting models

• Linear AR model

• Group-lasso based spatio-temporal 

AR model (STAR)

• Graph neural network models

• Graph convolutional LSTM (GCLSTM)

• Graph convolutional transformer 

(GCTrafo)



Evaluation datasets 
Synthetic dataset Real dataset 

• 304 stations in Switzerland

• 15 min res. time series

• Data uninterrupted from 2016 to 2017 

• 1000 nodes, 15 min res. time series

• Scalability to larger number of nodes

• Based on weather data from 2016 to 2018
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Multi-site benchmark with ST-based ML methods

Real dataset Synthetic dataset
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Single-site benchmark with NWP-based methods

Bätterkinden (1h resolution NWP) Bern (3h resolution NWP)
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Robustness: forecasts with missing values

Real dataset (STAR) Synthetic dataset (STAR)
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Technologies in focus that foster innovation
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Summary

• Robust solution for PV forecasting

• Gap reconstruction and noise filtering

• Flexible architecture

• State-of-the-art forecasting accuracy

• Proposed methods outperform SoA method in multi-site benchmark

• Forecasting error lower than  single-site SoA methods that use NWP up to 4h ahead

• Spatial resolution as high as network of PV systems

• Live PV forecasting demonstrator in Netherlands with ~650 stations

• http://portal.csem.ch:9107/

http://portal.csem.ch:9107/

