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1. Historical time series service 2. Gridded dataset service  

- MSG FOV :  2004        yesterday

- HIMAWARI FOV : 2016       yesterday

- Calculated every 1 minute 

- Aggregated to 15min, 1h, day, month or year

- Expert mode : access to atmospheric params. 

every minute (COD, AOD, WP, Cloud prop., …)

Open access : 

multiple 

timeseries calls 

on pre-defined 

grid

- Spatial resolution : 0.1° (Geodetic 

WGS85)

- Temporal resolution : 15 min

- Availability :

- Clear sky : Worldwide (2005       2024) 

- All sky :

- MSG FOV :  2005       2024

- HIMAWARI FOV : 2016       2024

6. Downstream application : PVsyst simulation (TMY vs CRS vs CRS uncertainty) 

4. CRS sampling (Denoising Diffusion Probabilistic Model or DDPM) 

DDPM* :

⚫ U-net NN implementing a diffusion model

⚫ Forward : irradiance signal  to gaussian noise 
(multistep) 

⚫ Reverse :  gaussian noise to irradiance signal 
(multistep)

⚫ The NN Learns to transform gaussian noise 
signal to a plausible CRS realization → for a 
given noise a realization is obtained

⚫ The ensemble of the realizations will describe the 
distribution of the CRS deviation 

⚫ Training with 12 locations (5 year span) – subset 
of CAMEO model training dataset in minute 
resolution

Distributions parametrization comparison

 --Uncertainty model vs Sampling model --
50 realizations on clear sky day

-- minute resolution --

Comparison of monthly P50s obtained with PVsyst Comparison of annual energy production P50 

TMY P50 (reference) 

CRS y P501..4

CAMEO y 

 
P501..4

DDRM Sampling y, r P501..4, 1..50 = 200 runs

(Boxplot per year)

(subindices → y = year, r = realization)

⚫ PV simulation : limited  
modelling of PV plant losses

⚫ TMY Results further from 
expected yearly production  

⚫ CRS based methods follow 
the yearly Production

⚫ CAMEO : yearly PV 
production bias correction

⚫ Sampling : ensemble of 
probabilistic plausible annual 
PV production   

➢ Use case PV plant : 7.8KWp,  fix tilt, east/west facing, 4 years of 
observations (in 30 s resolution)

➢ PV simulations performed on minute resolution and then resampled to 
hour, day, month and year (except for the TMY which is on hourly 
values as obtained from the PVsyst default database NSRDB)

References : Method Papers
▪ Qu et al., 2016, DOI:10.1127/metz/2016/0781
▪ Schroedter-Homscheidt et al., 2022 , DOI:10.1127/metz/2022/1132
▪ Lefèvre et al., 2013, DOI:10.5194/amt-6-2403-2013
▪ Gschwind et al., 2019, DOI:10.1127/metz/2019/0946 

* Model developed by Jose Gomez, ARMINES – 
MINES Paris, with funding from SciDoSol.

Special thanks to Auriane Canesse and the PVsyst support team for the guidance and software version that allowed the processing of 1min resolved PV 
simulations on batch mode . 

2. CRS uncertainty model (CAMEO project):   

1) Data driven: 67x106 data points on 66 locations worldwide (in a 20 years span)

2) Rationale : exploit the deviations between CRS estimates and ground observations 
to estimate the localized uncertainty → parametrization of the deviation cumulative 
distribution function with the model inputs : cloud probability, solar zenith angle (SZA) 
and clear sky index (Kc). 

3) Objective : spatial and temporal generalization of the uncertainty of the CRS estimate

4) Training with 40 locations – Inference with 26 locations

3. CAMEO probabilistic evaluation   
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Coverage or calibration  

Spatial CRS uncertainty

Uncertainty model :

⚫ Well calibrated model

⚫ Outlier → are well known 
difficult station to model: 
enerMENA-ADR - at a 
slope next to a mountain

⚫ ECE (mean absolute 
deviation observed 
calibration and an perfect 
calibrated model.) < 5 %

Spatial uncertainty 
behavior obtained 
from a k-fold cross 
validation on the 
training / inference 
split

References : Method Paper
▪ Lezaca et al., 2025, DOI:10.1002/solr.202500568

CRS confidence Intervals estimation 

cos (sza)

Open access :

1. CAMS radiation service (CRS)

5. DDPM evaluation & comparison with CAMEO
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