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SEVIRI Scope of this Document

1 Scope of this Document

This report is the Product Definition Document (PDD) of the EUMETSAT-funded SEVIRI-WT project
and corresponds to deliverable D1.2 from Task A of the Statement of Work (SOW)
EUM/TSS/SOW/14/762098.

The SEVIRI-WT project will implement and validate a pre-operational processor to generate historical
and near real-time Meteosat Second generation (MSG) Spinning Enhanced Visible and Infrared
Imager (SEVIRI) ocean colour products, such as water turbidity and light attenuation every 15
minutes for Europe, Africa and the Atlantic Ocean as well as some of the Middle East and Brazil. This
document summarises the Product Definitions for this processor to ensure that there is a clear
understanding and definition of data to be generated by the processor.

The intended readership of this document is:

e The SEVIRI-WT project team needing to design algorithms (Tasks B and C) to satisfy user
requirements, already expressed in the User Requirements Document and to design (Task D),
validate (Task E) and validate (Task F) a processor implementing such algorithms.

e Potential users of data from the SEVIRI-WT development, e.g. value-adding satellite remote
sensing organisations and projects (including the Copernicus Marine Core Service and the
Ocean Colour Carbon Change Initiative) or end-users themselves.

2 Change Log

Version Date Short Description Author

1.0 DRAFT | 20.4.2015 | Draft for discussion at 27.4.2015 progress | Kevin Ruddick
meeting

Quinten

Vanhellemont
1.0 18.5.2015 | Update of draft based on discussions at Key | Kevin Ruddick
DRAFT#2 Point 1 teleconference:

e Split of Table 1 into Tables 1, 2, 3 clarifying
between output products required by users
(1), intermediate output products required
by Project (2) and Level 1 and other input
products (3).

e Minor updates, e.g. Footnotes in Chapter 6,
including recommendation of a nominal
wavelength (640nm?) for all SEVIRI sensors

1.0 20.5.2015 | Final deliverable for EUMETSAT
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3 Introduction

3.1 Terminology and scope

In the context of the current report the word “product” is used as in the SOW to mean a “parameter”
or geophysical value that is derived for a specific time and location from a radiometric measurement
by SEVIRI. According to the SOW, “the list of products encompasses turbidity, diffuse attenuation of
photosynthetically available radiation, euphotic depth and potentially coccolithophore blooms and
Total Suspended Matter (TSM) concentration”.

This meaning is thus much narrower than the definition of “(computer data) product” used in some
remote sensing processor environments to represent a computer file containing potentially many
image arrays of measured data values as well as, potentially, metadata. The precise packaging of
computer files, including specification of geographical coverage (subset of full disk), metadata,
georeferencing information, file format, etc. is outside the scope of the present document and will
be treated in detail in Task D in the Software User Guide of the prototype processor.

The focus of the present report is on “Level 2” (L2) pixel values corresponding to a single location and
time. Further “Level 3” multitemporal products are also considered briefly to ensure that any
processor developments will be compatible with possible requirements for post-processing of L2
data, e.g. to quantify diurnal variability from all cloud-free images in a day.

3.2 Background

The determination of products to be generated by the SEVIRI-WT processor is based on current
understanding of what is possible with SEVIRI, based on prior research [Neukermans et al, 2009,
2012; Vanhellemont et al, 2013, 2014], and what is needed by Users, the latter being summarised in
the SOW and more precisely defined in the SEVIRI-WT User Requirements Document (URD) [Ruddick
et al, 2015].

4 Level 2 parameters

4.1 Overview of Level 2 parameters

In this section the precise geophysical definition of the SEVIRI-WT products is given. A list of the
targeted level 2 parameters is given in Table 1, subdivided into Level 2 Radiometric (L2R) products,
Level 2 Water (L2W) products, Level 2 Flags (L2F) and other products not intended for Users. This
Table takes the list of parameters given in Table 3 of the URD and adds some extra products as
follows:

e Top of atmosphere reflectance, sun/sensor geometry and georeferencing information

III

e Further “internal” products, such as aerosol and Rayleigh reflectances, which are not directly
motivated by End-User Requirements, but which may be of importance to the SEVIRI-WT
Project Team and/or downstream value-adding scientists and companies to provide
indications of product quality and/or any anomalies.

e Particulate backscatter at 640nm was not requested explicitly by any user, but may be
considered as the fundamental Inherent Optical Property that can be derived from SEVIRI
data.

e Some standard ocean colour products which are desired by users and supplied by other
polar-orbiting ocean colour missions, but which cannot be provided by SEVIRI because of
limitations of the spectral resolution. These products are marked as infeasible, but are

included here for completeness and possibly for future development, e.g. in the context of
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Meteosat Third Generation or other longer term geostationary ocean colour missions such as
GEO-OCAPI [I0CCG, 2012].

Parameter (units) Units |Symbol Type Feasibility
Remote sensing reflectance spectrum at water level (filtered) |sr? Rrs L2R OK
Suspended Particulate Matter gm3 |SPM L2W/S OK
Turbidity FNU TUR L2W/S OK
Particulate backscatter at 640nm m? bbp640 L2W/S OK
Secchi Depth m SD L2W/K TBD
Diffuse attenuation coefficient of PAR m*? KdPAR L2W/K OK*
Euphotic depth m Ze L2W/K TBD
Coccolithophore bloom* Flag? | COCCO L2F TBD
Extreme High Biomass algal bloom? Flag? | XHAB L2F ?
Extreme cyanobacteria bloom/surface scum? Flag? | XCYA L2F ?
Pixel identification (water/cloud/land) and other geophysical | Flags | See text L2F OK
Processing flags: missing data, confidence/quality, etc. Flags | See text L2F TBD
Chlorophyll a mg m3 [ CHL L2w/C NO
Algal pigment absorption coefficient at 443nm m? apigd43 L2W/C NO
CDOM absorption coefficient at 443nm m*? aCDOM443 | L2W/Y NO
Diffuse attenuation coefficient spectrum m? Kd L2W/K NO
Phytoplankton functional types ? PFT L2wW/C NO

Table 1: Summary of Level 2 parameters to be generated by the SEVIRI-WT processor. Type of product is
denoted as L2R (level 2 radiometric, bottom of atmosphere) or L2W (level 2 water) with subtypes S
(“scattering”-related), C (chlorophyll absorption-related) and K (attenuation-related) and Y (yellow
substance/CDOM-related). Parameters required as a spectrum are given in bold and will be generated for
the visible (0.64um), near infrared (0.81um), short wave infrared (1.6um) and possibly the HRV band. Other
parameters are generated as scalars, except for flags which will typically be grouped as a vector. Flag “units”
are defined as logical values (TRUE/FALSE or YES/NO). Feasibility column indicates whether the parameter is
certain to be possible (“OK”), is probable but pending success of Task B (“TBD” = To Be Developed), is of
unknown feasibility pending Task B (“?”), is feasible but with possible severe restrictions, e.g. limited to
turbid waters (“OK*”) or is infeasible (“NO”).

In addition to the L2 data files which should be generated by the processor, a “quicklook” RGB image
should also be generated based on the Rayleigh-corrected* spectrum.

Further intermediate L2 parameters are listed in Table 2 as of interest to the Project Team (and
perhaps others), e.g. for debugging/validation of the atmospheric correction, although not required
by end-users.

1 Maybe more of an L3 product?
2 Similar to coccolithophore. To be reconsidered in an update of the document
3 Similar to coccolithophore. To be reconsidered in an update of the document

4 Probably not necessary if using 1.6, 0.8 and 0.6 for R, G, B. To be further discussed.
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Parameter (units) Units | Symbol Type Feasibility
Remote sensing reflectance spectrum at water level (unfiltered) | sr Rrs L2Ru (int) OK
Aerosol reflectance spectrum - RHOa L2R (int) OK
Aerosol reflectance Angstrom exponent for 0.64-0.81um - ANG L2R (int) OK
Aerosol optical thickness at 0.64um - AOT L2R (int) OK
Rayleigh-corrected reflectance spectrum - RHOrc L2R (int) OK
Rayleigh reflectance spectrum - RHOr L2R (int) OK
Diffuse atmospheric transmittance spectrum (sun-sea) - TO L2R (int) OK
Diffuse atmospheric transmittance spectrum (sea-sensor) - Tv L2R (int) OK

Table 2: Summary of additional “internal” L2 parameters that will typically be needed by the Project Team,
e.g. for debugging, but were not specified by User Requirements. Parameters required as a spectrum are
given in bold and will be generated for the visible (0.64um), near infrared (0.81um), short wave infrared

(1.6um) and possibly the HRV band.

In addition to the specific L2 products listed in Table 1, some of the “Level 1” input products may also

be required for further post-L2 processing. For example, the georeferencing information will
undoubtedly be needed with the L2 data and it may be desirable to have other information, e.g.
viewing geometry, post-L2 although it is not yet clear whether it is necessary to repeat such
information in the L2 file or simply make available in parallel to the L2 file the L1 data.
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4.2 Level 1 and other input parameters

The input products that will certainly be needed by the SEVIRI-WT processor are given in Table 3. This
list may not be exhaustive; e.g. it is possible that during the Scientific Development Task B it will be
considered necessary to add further input products, such as a MODIS Rrs667 monthly climatology.

Parameter (units) Units | Symbol Type Feasibility
Top of atmosphere reflectance - RHOtoa L1 Upstream
Sun zenith angle ° SZA META? Upstream
Sun azimuth angle ° SAZI META? Upstream
Viewing zenith angle ° VZA META? Upstream
Viewing azimuth angle ° VAZI META? Upstream
Pixel latitude (WGS datum) ° LAT GEO Upstream
Pixel longitude (WGS datum) ° LON GEO Upstream
Pixel identification flags (cloud, etc.) - PIX L1 Upstream
Atmospheric pressure at sea level Pa Pa AUX External?
Water vapour column content kg m? [ WVAP AUX External?
Ozone column content DU OZON AUX External?
Wind speed at 10m ms?t [WIND AUX External?

Table 3: Input products needed to derive the Level 2 parameters. “Upstream” data is presumed to come
from standard EUMETSAT processing. “External” data is required from other sources.

4.3 Definition of external Level 2 parameters

4.3.1 Remote sensing reflectance (filtered)

Remote sensing reflectance (Rrs) is defined as:
LY
Rrs = W' (1)
d

where L9 is the water-leaving radiance, and Efi” the down-welling irradiance, both just above the
water surface. Rrs is computed from calibrated Top-Of-Atmosphere (TOA) radiances measured by
SEVIRI according to [Neukermans et al, 2009]. TOA radiances are normalised to the extraterrestrial
solar irradiance. Rayleigh and aerosol reflectances are subtracted and the result divided by the two-
way diffuse atmospheric transmittance.

The “filtered” product is obtained from the “unfiltered” internal product by suitable multitemporal
processing, e.g. time-averaging of 5 images in 1 hour as in [Vanhellemont et al, 2014] or, if using
Rapid Scan Service 5 minute data, averaging of 13 images in 1 hour.

4.3.2 Suspended Particulate Matter

Suspended Particulate Matter (SPM) is defined as the dry mass of particles suspended in a volume of
water. The operational definition generally involves the full measurement protocol to clarify the
minimal size of particles considered to be “SPM” and, e.g. how the mass of water inside
phytoplankton cells is considered. Thus, the REVAMP protocols [Tilstone et al, 2002] specify filtration
on a GF/F (Glass Fibre/Fine) filter and rinsing using purified water (distilled or “milli-Q”) without salts.



SEVIRI Level 2 parameters _

4.3.3 Turbidity

Turbidity (T) is defined by [ISO, 1999] as the ratio of side-scattering at 90° of light with wavelength
860nm to side scattering of the same light by a standard solution of Formazin and is expressed in
Formazin Nephelometric Units (FNU).

4.3.4 Particulate backscatter at 640 nm

Particulate backscatter is defined by [Mobley, 1994] as the angular integral over the backscattering
hemisphere (all scattering angles greater than 90°) of the Volume Scattering Function at 640nm.

4.3.5 Secchi depth

The Secchi depth is the depth at which a black and white disk of diameter 30cm, lowered by rope
into water without shadow (thus on the sunny side of a ship for shipborne measurements),
disappears from the view of a human observer.

In addition to the obviously subjective nature of human observers, this parameter is not well-defined
and will obviously vary according to many factors including cloud cover, sun zenith angle, sea state,
etc. [Preisendorfer, 1985]. It is noted also that many historical measurements use different
equipment, e.g. a white disk or a disk of different diameter. However, since Secchi depth is a
parameter still used and required by many users (see the SEVIRI-WT URD), it is retained here.

4.3.6 Diffuse attenuation of PAR

Various definitions of diffuse attenuation coefficient and of Photosynthetically Available Radiation
(PAR) are possible.

For example, PAR may be considered in power units (W m?) or in quantum (photons m2s?) units,
may be integrated over different wavelength ranges and may be evaluated as a spectral integral of
downwelling irradiance or of scalar irradiance, taking respectively the cosine-weighted integral of
downward radiance or the spherical integral of radiance as defined by [Mobley, 1994]. Since the
main user interest is for phytoplankton and primary production applications the definition of PAR
proposed for SEVIRI-WT is of quantum scalar irradiance spectrally integrated over the range 400-
700nm.

As regards the diffuse attenuation coefficient, this can be defined for different depth ranges. The
choice of depth range for attenuation of PAR is particularly critical because KdPAR varies significantly
with depth, even for a homogeneous water column and cloudy sky (diffuse illumination), because of
the rapid attenuation of red light in the upper few metres [Lee, 2009]. For compatibility with the
euphotic depth parameter it is proposed here to evaluate KdPAR for the depth range down to the
euphotic depth®.

4.3.7 Euphotic depth

The euphotic depth is defined as the depth where the quantum scalar irradiance reaches 1% of its
value just beneath the water surface.

4.3.8 Coccolithophore bloom flag

The definition of this parameter is not yet clear and will need to be refined after the Scientific
Development Task B. This parameter should in some way indicate the presence of coccolithophores.
An objective scientific definition could perhaps be developed from an estimate of the concentration
of coccoliths compared to a suitable threshold value.

5 Note: This needs to be discussed carefully in project
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4.3.9 Extreme high biomass bloom flag

The definition and even the feasibility of this parameter is not yet clear and will need to be refined
after the Scientific Development Task B. This parameter should in some way indicate the presence of
an extreme high biomass algal bloom (as distinct from high backscatter from non-algae particles). An
objective scientific definition could perhaps be developed from an estimate of the particulate
backscatter of algal particles (excluding non-algal particles) compared to a suitable threshold value.

4.3.10 Extreme cyanobacteria bloom or surface scum flag

The definition and even the feasibility of this parameter is not yet clear and will need to be refined
after the Scientific Development Task B. This parameter should in some way indicate the presence of
an extreme high biomass cyanobacteria bloom (as distinct from high backscatter from non-algae
particles) or a surface scum. An objective scientific definition could perhaps be developed from an
estimate of the reflectance in the Short Wave Infrared band.

4.4 Definition of internal Level 2 parameters

4.4.1 Top of atmosphere reflectance

Top-Of-Atmosphere reflectance (prp4) is defined as the Top-Of-Atmosphere radiance (Lrp4) as
measured by SEVIRI, normalised to the TOA irradiance:

T[‘LTOA'dZ

PT0OA = 15 costy (2)

where FO is the band averaged extraterrestrial solar irradiance, d the sun-earth distance in
Astronomical Units, and 6, the sun zenith angle. Sensor-specific calibration are applied.

4.4.2 Remote sensing reflectance (unfiltered)
Remote sensing reflectance (Rrs) is defined as:

LY
Rrs = @, (3)

where L9} is the water-leaving radiance, and Efi” the down-welling irradiance, both just above the
water surface. Rrs is computed from calibrated Top-Of-Atmosphere (TOA) radiances measured by
SEVIRI according to (N2009). TOA radiances are normalised to the extraterrestrial solar irradiance.
Rayleigh and aerosol reflectances are subtracted and the result divided by the two-way diffuse
atmospheric transmittance.

The “unfiltered” product is obtained by consideration only of the data corresponding to a single
acquisition. It is suggested that this data should not be supplied to users because of the high noise
level, but that a “filtered” product be derived from the unfiltered product by suitable multitemporal
processing, e.g. time-averaging over 1 hour as in [Vanhellemont et al, 2014]

4.4.3 Aerosol reflectance

Aerosol reflectance (p,) is defined as the component of aerosol radiance divided by the
extraterrestrial solar irradiance, using for the definition of aerosol radiance the photons, detected by
the sensor, which have been scattered at least once by aerosols in the atmosphere and have possibly
been scattered also by molecules in the atmosphere and/or by the air-water interface, but have
never crossed the air-water interface. This definition therefore includes multiple aerosol-Rayleigh
scattered photons.
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4.4.4 Further products

Other products, especially those required internally by the Project Team, e.g. for
debugging/validation of the atmospheric correction, will be added in a future version of this
document after the Scientific Development Task B. This will comprise:

e Aerosol reflectance Angstrom exponent

e Aerosol optical thickness

e Rayleigh-corrected reflectance spectrum

e Rayleigh reflectance spectrum

o Diffuse atmospheric transmittance spectrum (sun-sea)

e Diffuse atmospheric transmittance spectrum (sea-sensor)
e Ancillary parameters

4.5 Definition of pixel identification flags

Pixel identification flags provide guidance to the user on the nature and quality of a pixel. The
following flags can be generated either from a static background map, or by specific algorithm using
the SEVIRI bands:

e land — water, from static map

e clouds, from SEVIRI product (provided by EUMETSAT)
e ice, from radiometric test (slope VISO8 — NIR1.6)

o floating vegetation (slope VIS06 — VIS08)

4.6 Definition of processing flags

These flags cannot be defined precisely at present and require considerable discussion within the
project team. This section may be updated in a later revision of the present document.

5 Level 3 parameters

Some users require multitemporal information via “Level 3 parameters” or data values. Existing
examples from satellite ocean colour missions include weekly/monthly/annual/mission means of
level 2 parameters such as Turbidity. In the SEVIRI-WT context there are entirely new L3 parameters
that are of interest relating to daily variability or tidal variability, e.g. timing of maximum SPM or tidal
range of SPM. The User Requirements here are less mature than for the L2 parameters simply
because this data source is very new.

Some multitemporal products may also be relevant as internal products for assessing processing
quality; e.g. the temporal variability of SPM over the day observed in GOCI data was suggested by
[Ruddick et al, 2012] as a possible method to quality control L2 data a posteriori via spike detection.

In principle, we think that it should be possible to derive most of the relevant multitemporal L3
parameters from the L2 parameters listed in section 4 via suitable post-processing.

Similarly any higher level information products such as graphical images (png, gif, etc.), time series,
etc. required by users are considered beyond the scope of this document and the SEVIRI-WT project
and achievable by applying existing post-processing tools to the L2 data. This is typically the role for
value-adding companies and organisations who will tailor the basic SEVIRI-WT-generated L2 data to
any specific user.
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6 Conclusions
This document sets out the definition of Level 2 products to be generated by the SEVIRI-WT
processor based on the assessment of User Requirements [Ruddick et al, 2015]. Some of the
products, already foreseen in the SOW, are quite clearly defined and known to be feasible. Some
products have been suggested by users but are less clearly defined or may not be feasible. These will
be addressed further in the Scientific Development (Task B) which may lead to an update of the
present document with a more precise definition. Some products, e.g. chlorophyll a concentration,
are clearly infeasible in view of the limited spectral resolution of SEVIRI, but have been included here
for completeness and possible future development for future geostationary missions.

Consideration of the products to be generated has raised a number of questions, which need to be
addressed in more detail by the project, e.g. during the Scientific Development Task B:

e How should coccolithophore, extreme high biomass and/or extreme cyanobacteria
bloom/surface scum flags be defined? Is detection of these features feasible?

e How should Secchi depth be defined?

e Should PAR attenuation be generated as a product everywhere or only in turbid waters?

e How should the detection limits be handled for products such as turbidity or SPM?

e Should spectral parameters be defined for a nominal central wavelength? The same for all
SEVIRI sensors?®

e What pixel identification flags should be defined’?

e What other processing flags should be defined®?

e Is product format out of scope?

e  Which product metadata shall be added, in particular about calibration, processor version
and production time, or algorithm reference?

Discussion of these questions may lead to a clearer definition of products and hence a revision of the
present document.

6 There is a strong feeling that a nominal wavelength should indeed be used for output products from all SEVIRI
sensors, e.g. 640nm, and conversion factors defined for each SEVIRI to go from reflectance at the specific
central wavelength to the nominal wavelength (and back again). However, this will be further studied in the
Scientific Development Task B.

71t is clear that this will include Cloud/Water/Land, and for Water: clear/turbid + glint distinction. Further
refinement will be elaborated during Task B.

8 This will include at least high view zenith, high sun zenith, image derived/climatological epsilon,
NRT/consolidated product (cf. multitemporal filtering and possible updated auxiliary files)
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