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Background (1)

FIDUCEO project Flduceo

Harmonised(!) satellite series is one where all the calibrations of
the sensors have been done consistently relative to reference
datasets which can be traced back to known reference sources, in
an ideal case back to Sl.

How to build reference datasets for satellite series harmonisation?

(1) Unlike harmonisation, homogenisation is where all satellites are forced to look the same such that
when looking at the same location at the same time they would (in theory) give the same signal
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Background (2)
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Operational Calibration of the Meteosat
Radiometer VIS Band

Yves M. Govaerts, Marco Clerici, and Nicolas Clerbaux

Abstract—An advanced operational algorithm has been devel-
oped for the routine calibration of the Meteosat radiometer solar
channel. The calibration method relies on calculated radiances
over bright desert sites whereas ocean targets are used for con-
sistency checks. Calibration errors are estimated accounting for
the uncertainties of both the sensor spectral response characteri-
zation and target property description. This algorithm has been
used to systematically calibrate Meteosat-5 and -7 observations.
Results show that it is possible to calibrate the visible band with
an estimated accuracy of about 6% when the sensor response
characterization is reliable and to monitor the sensor long-term
drift. These results are confirmed by Clouds and the Earth’s
Radiant Energy System observations.

Index Terms—Calibration, Meteosat.

1. INTRODUCTION

HE METEOSAT satellite system was designed nearly 30

years ago, essentially for operational imagery purposes.
The primary objective of this program is the acquisition of earth
atmosphere images and their near real-time dissemination to the
meteorological user’s community. Nevertheless, the potential
value of the Meteosat Visible and Infrared Imager (MVIRI) data
for climate monitoring should not be underestimated. During
the late 1970s and early 1980s, spaceborne observations of the
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and 3) radiative transfer modeling (e.g., [6]-[8]). These latter
studies showed that calculated radiances can be used to derive
absolute calibration coefficients on a regular basis with an ac-
curacy comparable to the one derived from airborne campaigns,
but also to monitor the sensor long-term drift. So far, none of
these methods has been used on an operational basis, although
this has been proven to be feasible for the thermal channels [9],
[10]. This situation has limited the quantitative exploitation of
the VIS band observations and constrained users to develop
their own calibration method prior to the derivation of any
geophysical parameters (e.g., [7] and [11]). The complexity
of consistent calibration coefficient estimation for the seven
MVIRI instruments should not be underestimated. One of
the major challenging problem concerns the lack of reliable
characterization of the VIS band spectral response prior to that
on the Meteosat-7 instrument [12], so that postlaunch correc-
tions might be required as is the case for the Advanced Very
High Resolution Radiometer instrument onboard the National
Oceanic and Atmospheric Administration polar platform [13].
As demonstrated by [14], two spectrally different calibration
targets could be used to verify the reliability of the MVIRI VIS
band spectral response characterization and to evaluate whether
postlaunch adjustments should be envisaged.

GSICS 2022, VISNIR Breakout Session

SEVIRI Solar Channel Calibration (SSCC)

The calibration reference relies on simulated radiance
over 18 bright desert targets over a 5-day period
(plus open ocean for verification).

How to estimate the uncertainty of the calibration
reference?

SSCC uncertainty propagation
» 18 bright desert targets (sea as verification)
« 5-day accumulation period
» 4 spectral bands (0.6, 0.8, 1.6, HRVIS)
» Uncertainty propagation (from the state variables
to simulated calibration reference) is based on:
» Separation of random and systematic
uncertainties
» Uncertainties of state variables are assumed

uncorrelated:
2 "‘



Background (3)

Simple recipe for uncertainty propgaration

1. Atmospheric parameters are not correlated in time;
2. Surface parameters are not correlated in space;

3. No spectral correlation is accounted for (e.g., aerosol
optical thickness or surface anisotropy).
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Background (4)
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Background (5)

How to harmonise different calibration
targets in a consistent and traceable
vicarious calibration reference?
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Proposed approach

Issues

* How to combine (harmonise) desert targets as a single
calibration reference (surface and atmospheric spatial
correlation)?

* How to combine different observations (temporal/spatial
correlation)?

 Are there spectral correlations?

Approach
» Define correlated uncertainties between state variables;
* Propagade uncertainties accounting for these correlations.
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IDEAS-QAYHES

ATBD FOR MOON AND PICS
CALIBRATION REFERENCE
HOMOGENISATION

Document Ref.: QA4EO_ATBD_WP2310

Authors : Yves Govaerts, Nicolas Misk, Sindy Sterckx and Stefan Adriaensen
Date : 01/03/2022

Project : QA4EO CCN 03

WP : 2310
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Definition of the theory
Application to the PROBA-V observations
(blue, red, NIR, SWIR 1.6)

PROBA-V SPECTRAL BANDS

101

08—

TRANSMITTANCE
I~ o
B D
e R

o
N
L T

o
o
T

17/03/2022

o
~

0.6 0.8 1.0 1 t2 1.4 , 16 l
WAVELENGTH (Im™)
GSICS 2022, VISNIR Breakout Session 8 ’ .



Propagation of uncertainties

Following the GUM and the formalism adopted by Mittaz et al. (2019), two
methods can be used for the propagation of uncertainties.

« The first one is referred to as the ‘Law of Propagation of Uncertainty’ (LPU)

« The second uncertainty propagation approach relies on Monte Carlo Methods

Surface parameters x,: | ~_
Molecular concentration x,:| T |—— ,_;x . 5 AN ¢ Bright desert
Aerosol optical thickness Xs:| / -~
Input Measurement Output
quantities model quantity
Xpo| ~
Xy SN | = Xy X)) [ \\ Y MOOn
X3 | /N /
Input Measurement Output
quantities model quantity

After Wolliams et al.
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Bright desert calibration reference

e Surface
» Surface reflectance simulated with the RPV model

Po (p; /1)» k(p, /1): () (p) /1)» Pc (p) /1)

Amplitude Contribution Modified Minnaert Contribution Henyey = Greenstein Contribution Hot Spot Contribution
k> 1.0 bell-shape 4 O ¢
........................... 4 ‘ - onia dt
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= l x =| sotropic .+ . x
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* Atmosphere
« US standard vertical profile

« Rescaling of the water vapour and ozone concentration (U0 (p,1),

Uos(p,1))
« Sahara desert aerosol type (non spherical particles)

« Aerosol optical thickness (755, (p,t))
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Calibration reference harmonisation

r(t1 P1 1/11)

17/03/2022

One observation over one target in one spectral band:
* Correlation between Po (tl; Py )'1)» 0 (tli P /11)» k(tlr Pu /11)» Pc (t1; P /11)
» Correlation between Uz (p1,t1), Uos(p1.ty), Tss0 (P1.t1)

GSICS 2022, VISNIR Breakout Session



Calibration reference harmonisation

PROBA-V SPECTRAL BANDS

0 s B e o o e e B A e s
08 {M all

E 0.6;— -
r(ty,p1,41) | r(t,p1,42) | r(t1,p1,43) | r(ts,p1,44) ‘%’ oaf i
< > o2l :
A wil L S L
0.4 0.6 08 WA\I1é(I)_ T (l:r;?‘ ) 14 1.6
One observation over one target in all spectral bands:
« Spectral correlation between
po(t1, 01, A, 2(t1, p1, A, k(t1, p1, A, pe(t1, P1, A1)
« Correlation between Uy oo (p1,t1), Uos(p1,t1) (molecular
absorption)
« Aerosol optical thickness 7559 (p1,t1) : spectral correlation
imposed by the aerosol model
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Calibration reference harmonisation

A
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Time series of observations over one target
in all spectral bands:
» temporal correlation between
po(tj, p1, A, 2(t;, p1, A, k(t;, p1, A, pe(t), p1, Ao
« Temporal correlation between U0
(t;, p1), Uos(t;, p1) (molecular absorption)
» Temporal aerosol optical thickness 755
(t;, p1) correlation

13 ’.




Calibration reference harmonisation

4)

4)

4)

4)

A
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v
Vicarious calibration reference
17/03/2022
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Time series of observations over
several targets in all spectral bands:
» spatial correlation between
Po (t'r pk: /11'): 9 (t'r pk; /11'): k(t': pk! }{i)r Pc (tjr pkr ,
» Spatial correlation between U0
(t;, PK), Uos(t;, px) (Molecular
absorption)
« Spatial aerosol optical thickness 7559
(t;, pi) correlation

. PR




Calibration reference harmonisation

s

4)

4)

Vicarious calibration reference

Definition of a harmonised
calibration reference with traceable
uncertainty propagation
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Combining several targets

« Similar targets types (e.g., bright desert)

 When the same approach is used to characterise the target optical
properties, the uncertainty correlation between the targets is very high;

* Different target types

« When the target types are different (e.g. bright desert and Rayleigh
over open ocean), the uncertainty correlation between the targets is
very unlikely (to the exception of atmospheric parameters).

« Uncertainty over different targets might be correlated if the same
model is used.

 Bright desert and moon calibration reference are completely
uncorrelated (different state variables, different models).

17/03/2022 GSICS 2022, VISNIR Breakout Session
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Practical example

Example of uncertainty covariance matrix in the blue spectral region.

u’ (POO\)) U(POO\)» QO\)) U(Po (A), kO\)) U(Po (A), PCO\))
u(Q@), pe@)) u?(Qm)) u(Q), k)  u(Q@),p.M)
u(k@), po))  u(k@), Q@) u?(k@)) u(k), pcA))
u(pc@), po@)  ulpc@), Q@) ulpc@),k@®)  u*(pc@)

0.0001347 0.0000528 0.0000191 0.0001253>

Urpv(po ), Q0), kA), pc (V) =

0.0000528 0.0023413 0.0000032 0.0000084
0.0000191 0.0000032 0.0000983 —0.0000047

Urpv(po), Q0), k), pc)) = <
0.0001253 0.0000084 —0.0000047 0.0024824

Correlation matrix

0.094 1.000 0.007 0.003
0.166 0.007 1.000 —0.009

0.217 0.003 -0.009 1.000

1.000 0.094 0.166 0.217
RRPV(pOO\)r Q), k@), pc(7\))= ( >
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Practical example

Spectral correlation
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Covariance matrix

PROBA-V observation on 08/10/2014 over Libya-4

No correlation Correlation between RPV
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No spectral correlation
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Covariance matrix

blue red NIR SWIR

wver Libya-4
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Covariance matrix

blue red NIR  SWIR
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Covariance matrix

blue red NIR SWIR
PROBA-V obsen

P0p e
Onio=
Ko o= 0.0020
No correlation C Ploie
P0;ax
6 . 0.0015
P01 - P0sj0e =a
B B k'ed
Koje - 0.0020 Koo
PCoive - . OChive= pc-'d'd - 00010
00res 4 pOm: .
o | 0.0015 ol po,,‘.,
keea Keea
PCres | H -0.0010 DCrea Grve E
pon.'f 1 pon” d k’“'( - 0.0005
O 1 | -0.0005 Onr 1
Kt :
[ PCni
PCnir DPCnir 4
Pg::: 5. Renininin pgm.v | P0swir — -0.0000
ksn.” swiv a2
OCsmir - --0.0005  Kewr ] Oswvir —
Yy ¥y p BRI OEEEEoE:E: gy Kswir
Sd23ge¥gR8°Ydgdayy y ¥ -—-0.0005
S g < a g s PCswir I - '
| | | | | | | | | | | | | | |
s ) . e C . B C
R R IR I
£ a9 o o “ “ “
e © & o O 9«
3 8 Q & a Q. =1

17/03/2022 GSICS 2022, VISNIR Breakout Session




Covariance matrix

PROBA-V observation on 08/10/2014 over Libya-4

No correlation Correlation between RPV Full correlation
No spectral correlation
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2
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N . %
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Reference dataset uncertainty matrix
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Covariance matrix

PROBA-V observation on 08/10/2014 over Libya-4

No correlation Correlation between RPV Full correlation
No spectral correlation
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Error distribution

LPU (solid line)
MCM (histogram)
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PROBA-V blue band, simulation of one observation over Libya-4
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Error distribution

LPU (solid line)
MCM (histogram)
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Conclusions

 Elaboration of a harmonisation method for different vicarious
calibration targets;

« Both Low of Propagation of Uncertainty (LPU) and Monte Carlo
Method (MCM) provide very similar results when applied on the
RPV model;

* MCM shows minor departure from the Gaussian distribution
assumed in the LPU method.

« MCM is recommended for a first sensitivity analysis.
» Spectral covariance uncertainty affects adjacent spectral bands;

* Need to be applied to all variables with correlation in all
dimensions (spectral, temporal and spatial/targets), but only
with MCM.

* Impact of RTM uncertainties still needs to be accounted for.
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