The Heliosat-V versatile method for estimating downwelling surface solar irradiance
from satellite imagery
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We need several satellites to estimate downwelling surface
solar irradiance (or global horizontal irradiance, GHI) with

~kilometric and ~hourly resolutions + global coverage on
long historic periods.




What are constraints that avoid homogeneous

information?

» Differents sensors =» different spectral sensitivities

DSCOVR/EPIC

1

I I
0.5 s
(%]
c
O 0 | | | | | |
par 300 400 500 600 700 800 200 1000
Q
c Terra/MODIS
S 1 I I
[
Q
(%)
C 0.5+ 8
o
o
(%)
CIJ 0 | | | | |
= 300 400 500 600 700 800 200 1000
© 1 MET9/SEVIRI
] T T
O
Q
Q
v 05 i
0 | | | | |
300 400 500 600 700 800 200 1000

[@MoM

Wavelength (nm)



What are constraints that avoid homogeneous
information?

e Different viewing geometries : anisotropy of the
Earth’s reflectance has to be taken into account.
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Credit: Don Deering
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¥ GOES-East (0 6 um)
00 00 UTC (around 4 pm in mean solar time, 2020/02/25)




GOES-West (0.6 um)
00:00 UTC (around 4 pm in mean solar time, 2020/02/25)

Image from NASA Worldview website
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What are constraints that avoid homogeneous
information?

e Different viewing geometries : anisotropy of the
Earth’s reflectance has to be taken into account.

Credit: Don Deering
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Disrepancies between annual mean surface irradiance in [Amillo et al., 2014] o
from SARAH (Meteosat Prime, G,) and SARAH-East (Meteosat IODC, G)




What are constraints that avoid homogeneous

information?

e Different viewing geometries : anisotropy of the
Earth’s reflectance has to be taken into account.

758 nm : weak atmospheric scattering

0.55

0.50

Reflectance
o o
w S
wv o

o
iw
o

0.25¢

0.20

0.15

(c) 758 nm - 6, 30

q - BRDF
/|1 — Lambertian

-90 -75 -60 -45 -30 -15 O 15 30 45 60 75 90

6(")

Viewing zenithal angle

[@MoM

(principal plane)

469 nm : strong atmospheric scattering
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What are constraints that avoid homogeneous
information?

Different viewing geometries : anisotropy of the
Earth’s reflectance has to be taken into account.

758 nm : weak atmospheric scattering 469 nm : strong atmospheric scattering

EPIC 780 nm EPIC 443 nm
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Heliosat-V objective :
Deal with those different satellites

+ 1 instant

+ 1 location (1 pixel)

+ 1 spectral channel

+ 1 satellite viewing
geometry

1 GHI estimate




Cloud-index methods

G=G_K_
G : all-sky GHI
G, : clear-sky GHI

K. : clear-sky index

n : cloud index

[@MoM




The principle of a cloud-index based method

A + measurements
g -------- overcast-sky boundary
- — — - clear-sky boundary
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The cloud index is the ratio between the distances
"measurement to clear-sky” (red arrow) and "overcast-sky to clear-sky" (black arrow)

‘@@\ 14




Satellite sensor
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Satellite sensor

n= (psat_ pdear) / (povc - pclear)
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Questions

Is it possible to adapt the cloud-index approach to various
viewing geometries and different spectral sensitivites?

Can we do that without the need for archives that leads to drift
issues in clear-sky reflectances estimates at the top of the
atmosphere?
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TOA reflectance in overcast conditions for a given spectral channel
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n= (psat, chan — psat clear, chan) / (povc, chan — psat clear, chan )

' > K=1-n
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Look-up table of overcast-sky spectral reflectances at the top of the atmosphere
for different viewing and solar geometries (here, solar zenith angle = 30°).
Cloud optical thickness = 150.
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—> Avoid spectral bands with H,0 or O, absorption to get

rid of cloud top height effects on TOA reflectances.
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Color lines: spectral response functions of various satellite radiometric channels.

Grey dashed line: reflectance at the TOA for a high thick cloud (15 km)

‘ @ ® \ Grey full line: reflectance at the TOA for a low thick cloud (500 m)
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Statistics for satellite-based GHI estimates vs. BSRN measurements
(15-min averages, year: 2011)

Standard deviation of the | Root mean square of

Mean bias error Correlation coefficient

Satellite-based D551 product (W m-2 (%)) error the error R
(W m= (%]} (W m= (%]}
MSG 0.6 pm 20.27 (4.8 %) 90.65 (21.4 %) 92.89 (21.9 %) 0.948
Heliosat-V
[this study)
MSG 0.8 um -6.19 [-1.5 %) 101.14 {23.9 %) 101.33 (23.9 %) 0.934
CAMS-RAD 0.10 (0.0 %) 98.14 (23.1 %) 98.14 (23.1 %) 0.937
HelioClim3 v5 1.55 (0.4 %) B87.95 (20.7 %) 87.96 (20.7 %) 0.950
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