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CAMS radiation service (CRS) : method
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Method papers

Lefévre et al., Atm. Meas. Tech., 2013

Qu et al., Contrib. Atm. Phys., 2017
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Localized uncertainty model
Motivation
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Motivation for a localized uncertainty model

 CRS estimations widely used : Steady increase (commercial, scientific, policy)
 Today CRS performance evaluation : EQC validation reports

MSG - Q1 2024 (DJF)

B GHI DHI B o\
100 . . Statistical deviation metrics for a site
T (or aggregation for multiple sites)
80 1 ' , . Quarterly/Yearly statistics
60 - . Limited for estimating local uncertainty
40 - = .
(%)
2 - space
0 A + 8

<?> :localized uncertainty specific to

20 -
the CRS user query (space and time)
'40 1 1 1
rBias rRMSE Correlation
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Localized uncertainty model
Method
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Deviations from ground observations

* CRS operational database : 300 stations available worldwide in 1 min resolution (inseetu)
* For this study : very selective quality checks

* Only stations with 3 components
« Highly selective QC tests:

s e ——

« Acceptance on 6 months batches

Total of 67x10° data points
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66 stations retained for the study
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Development conditions

1) Data driven : Well populated ground observations

e Spatial extent : 66 locations
e Temporal extent

2) Rationale : exploit information of deviations between CRS estimates and ground
observations to estimate the localized uncertainty

Note: CRS deviations account for:
Physical model assumptions (McClear, APOLLO_NG, Heliosat-4)

Mismatch between spatial average CRS irradiance (satellite/NWP) and
ground observations (point measurements)

3) Objective : Obtain a first approach to the spatial and temporal generalization of the
uncertainty of the CRS estimate
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Localized uncertainty model
CDF* of deviations conditioned to the CRS inputs

CRS deviation ‘

CRS deviation

feature 1

feature 2

a) Characterization (historic data)

*CDF : cumulative distribution function 8
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Localized uncertainty model
Run O
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Localized uncertainty model

Model Run 0

- 40 randomly selected locations :

Characterization phase

10

- Feature space chosen: 3 dimensions following SHAP results
3) - Cloud probability = from 0% to 100% every 5% (20 bins)

1) - SZA = from 0° to 80° every 2° (40 bins)
2) -Kc =from0to 1.4 every 0.1 (15 bins)
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Localized uncertainty model
RunO - Inference on cloudy conditions

L gnd_ghl - q0.95 q0.25
. Location : BSRN-RUN —— crs-ghi w07 q""
. Date: 2022-04-10 ;=" 727 RS output
— \¢ ™ Ground observations
. Site characteristics : island, £ 1000 - fff;ﬁnce :
mountainous terrain (Difficult = P e
site for CRS) v s
S 5004 :
- s
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Localized uncertainty model
RunO - inference in clear sky conditions

gnd-ghi == q0.95 q0.25
ke 0.75 0.05
. Location : BSRN-GOB it L e 9
° Date: 2022'04'10 Nf—| :: :rcs-cloud_coverage
. - £ 1000 -
« Site characteristics : Desert =
Q
c
o 500 -
._6
£
0 e e =
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QO DD D D OO

A 2 A 2 A KA R R R e D
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Localized uncertainty model
RunO - method calibration

Continuous Ranked Probability Score

ABOM-DAR
ABOM-KAL
ABOM-ROC
ABOM-WAG
BSRN-ABS
BSRN-ASP
BSRN-GOB
Average CRPS BSRN-IZA
BSRN-LER
BSRN-LIN

- e e - es on e a» e» a» e BSRN-LYU
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BSRN-SAP
BSRN-SBO
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ESMAP-KAO
SAURAN-CSIR
SAURAN-FRH
SAURAN-NUST
SAURAN-UNV
SAURAN-UPR
SAURAN-VAN
enerMENA-ADR
enerMENA-CAI
enerMENA-OU)
enerMENA-TN
mean_CRPS

80 A

CRPS [W/m?]

ABOM-DAR
ABOM-KAL
ABOM-ROC
ABOM-WAG
BSRN-ABS
BSRN-ASP
BSRN-GOB 4
BSRN-IZA -
BSRN-LER
BSRN-LIN
BSRN-LYU -
BSRN-RUN -
BSRN-SAP
BSRN-SBO
BSRN-TAT
ESMAP-KAO
SAURAN-CSIR
SAURAN-FRH
SAURAN-NUST
SAURAN-UNV
SAURAN-UPR
SAURAN-VAN
enerMENA-ADR
enerMENA-CAI
enerMENA-OUJ
enerMENA-TN
mean_CRPS
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Localized uncertainty model
Runs 1-15

14
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15 runs with different randomly locations splits :

run 9 4X X X
run 54X X X

run 3 -
run 1 4

run 7 4

Localized uncertainty model

Model robustness: Runs 1-15

run 13 4

run 15 A
run 11 A
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Localized uncertainty model

Run 1-15 CRSP

CRPS per station per run :
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Box plots of CRPS values in the 15 runs :

- Consistent CRPS
iIndependent of the

locations choosen for

characterization
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Localized uncertainty model 1
Parametric binning : Run1-15 (robustness)

CRS spatial uncertainty map:
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Conclusion
Open questions
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Conclusions

» Developed a first approach to localized (spatial-temporal) uncertainty of the CRS estimate
* Model shows a low and consistent CRPS within the different locations
* Model is very robust against training stations selected

Outlook

» Define uncertainty metric meet user expectations (full CDF too overwhelming for typical user)
* Increase the number of features and data (curse of dimensionality !)
* Neural Network to optimized moments of parametrical PDF to describe the CRS estimate

* Includes by desing automatic binning + dimension reduction

20
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Uncertainty model concept

Data : ts(k,t)

site k (lony, laty,), time t

Target (1)

Historical deviations

CRS_Irr — OBS_Irr : :
of CRS estimations

Uncertainty

modeling

Cloud Opt. Depth

Cloud type Features (25)
Cloud probability

Aerosol Opt. Depth } Historical CRS

SZA model Inputs
03, WV, Albedo
Y

Albedo
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Localized uncertainty model 1
Parametric binning : Run1 - inference in cloudy conditions
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- -l b - e - --- v 2l s, o e
P> P P S PN AV IR TR R VRN S
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Localized uncertainty model
RunO - probabilistic calibration
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Localized uncertainty model 2
ML based : proof of concept
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Localized uncertainty model 2
ML based : basic concept

y=2,8=1,¢£=0, 1=1 y=0,6=1,€=0, i=1 y=-=2,0=1,6=0, =1
1 1 H 1 0.0025 - 0.004 A 0.0025 4
Use the SU-Jonshon parametric distribution
0.0020 A 0.0020 4
(4 parameters) to model the CRS
. . . . . 0.0015 - 0.0015
deviations distributions
0.0010 A 0.0010 A
0.0005 - 0.001 1 0.0005 -
0.0000 + . . . : 0.000 4 . . . . 0.0000 + : i . .
‘ 6. . 1 X—¢ 2 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
(x|n,y, A, €)= d exp y +6asinh y=0,6=1,€=-2,2=1 y=0, 6=025 £=0, =025 y=0,0=1, =2, i=1
2
7\\/2 t \/1+ X—E& 0.004 - 0.006 4 0.004 -
0.005 A
0.003 A 0.003 A
0.004 A
0.002 4 0.003 4 0.002 4
0.001 0.002 1 0.001 -
0.001 A
0000 A . . . . 0000 i . . . . 0000 A . . . .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

The parameters of a parametric distribution are predicted as a function of the CRS inputs using a
neural network
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ML based : ML architecture

Input variables

. . . Output variables:
First hldglfn layer Second héﬂden layer parameters of the distribution
6
CAMS Rad kc 4
cloud type o . tailweight
cloud cover ® o skewness
o o]
cloud optical depth ® P scale
® °
solar azimuth angle location
solar zenith angle
Dense Dense Dense
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Uncertainty model concept

Target (1)

Historical deviations

CRS_Irr — OBS_Irr : :
of CRS estimations

Uncertainty

modeling

Cloud Opt. Depth

Cloud type Features (25)
Cloud probability ] ]
Aerosol Opt. Depth } Historical CRS

SZA model Inputs
03, WV, Albedo
WV

Albedo
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