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1 Purpose and scope

The primary mechanism for assessing the quality of ocean colour products retrieved from satellite remote sensing data
is through comparison with reference measurements of known quality. Such measurements are often called in-situ
measurements or ground-truth measurements, although airborne or drone-borne measurements may also be used for
this purpose. Naturally, reference measurements are not free from uncertainty sources, so should also be reported
with their corresponding uncertainty estimates.

One goal of the OMAPS project is to provide a functionality to find matchups between the satellite and reference data.
This functionality is realised by a specific software module, following the recommendations of the S3 matchup
protocols [1]. The purpose of this document is to describe the subsequent steps implemented in this matchup module,
in particular describing or at least pointing to the scientific algorithms behind it. These algorithms are, of course, of
general nature, and can in principle be implemented in any ocean colour science context. However, the descriptions in
this document will closely be related to the OMAPS context and its specific requirements. Thus, this document should
not be regarded as a ‘pure’ ATBD (starting from a particular physical problem), as it also illustrates the technical aspects
of the specific implementation following the needs of OMAPS. In the end, the document shall allow an understanding
of the OMAPS matchup module on a sufficient level of detail required by an end user.

2 Introduction

The basic concept of match-up generation is the following: two data sets exist for reference ground data and satellite
data. The match-up dataset is a new set conformed of ground-satellite measurement pairs which can be considered as
“simultaneous” (in space and time) and representative of the same quantity or population. In practice this can be very
difficult because the measurement methods are different (as said above), the spatial extent of measurements are
different, and perfect co-incidence is practically never given. Environmental aspects such as spatial heterogeneity of the
water or atmosphere, or contamination by clouds, are further complications. Best practices exist to optimise the
match-up procedure. Key reference publications are [2] and [3] which contain a detailed description of the in-situ
match-up process. An update has been recently published [4]. However, most relevant for OMAPS is [1], as it has been
developed specifically for OLCI on Sentinel 3 under the coordination of EUMETSAT.

The match-up module for OMAPS contains the following main steps to generate a matchup:

Select a valid reference in situ measurement; this has been measured at time t,.r and at location (/ate, lon;.).
Find corresponding satellite product(s) according to time and location criteria.
Extract Nmacro X Nmacro Mmacro pixel window around the location (latres, lonyes).

il A

Perform filtering of valid pixels within the macro pixel; exclude matchups if macro-pixel quality criteria are not

met.

5. Calculate statistical quantities (in particular, a measure of central value and a measure of type A uncertainty —
e.g. standard deviation) of the satellite product for the macro pixel window.

6. If applicable, apply additional filter criteria.

7. Provide a match-up record composed of pairs of ground-reference and satellite measurements, (including all

the relevant statistical information extracted from the window).

This procedure can be adapted to specific needs by user defined parameters in order to fulfil the OMAPS requirements.
Defaults for the relevant parameters are set as defined in [1]. The architecture of the OMAPS matchup module is similar
to EUMETSAT's MDB generation scheme as described in [5] but has been adapted to the specific needs of OMAPS. E.g.,
the OMAPS matchup module allows for the generation of matchups using L2 ocean colour satellite products generated
by the OMAPS OC Processor (probably the most common use case), but it is also possible to use L1 TOA radiance
products to generate L1 matchups as e.g. needed by the OMAPS SVC module [6].

The high-level workflow of the OMAPS matchup module is illustrated in Figure 1.
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Figure 1: High level workflow of the OMAPS matchup module (taken from [7]).

Table 2-1 summarizes the main differences of the OMAPS matchup module workflow compared to the EUMETSAT MDB
standard workflow (as described in [5], subsection ‘Matchup Database Files’)

Table 2-1: Main differences of OMAPS MATCHUP and EUMETSAT MDB standard workflows

OMAPS MATCHUP MODULE EUMETSAT MDB STANDARD
Copernicus OCDB, AERONET-

In-situ data source(s) Copernicus OCDB OC, MOBY, SeaBASS
OLCI Standard L2 (IPF), POLYMER,
L2 Processors SACSO, L2GEN OLCI Standard L2 (IPF)
Spatial window 1x1, 3x3, or 5x5 (configurable) 25x25
Temporal window for satellite c?r.mflgurak?le '(m hour.?), .m.clud'lng @
. time series’ mode (infinite time +/- 24 hours
extraction . . .
window for satellite extraction)
Variables considered for configurable fixed sets, depending on in-situ
matchup and written to MDB g data source, see [5]
. . Highly configurable (see section 4.2 default criteria from OLCI
Filter criteria s -
and [7]) validation guidelines
MDB output formats NetCDF, CSV summary file, or both NetCDF
(configurable)
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3 Match-up generation input and output

For the generation of matchups, input data sources for both satellite and in situ data need to be available. In practice,
the matchup generation needs to configurable to a large extent. For the OMAPS matchup module, this functionality is
provided by a configuration file. The extraction of the relevant satellite and in situ data subsets results in various
intermediate data. Finally, the matchup-products are provided in NetCDF and/or CSV format.

Input, intermediate, and final products of the OMAPS match-up generation are described in brief below. A much more
comprehensive description with examples is given in the OMAPS |ODD [7].

3.1 Satellite input data

In compliance with the requirements, the satellite data sets to be used for the matchup generation in OMAPS are 1)
OLCI Level-1 TOA radiance products, and 2) OLCI Level-2 water products generated by the OMAPS Ocean Colour
processor.

3.1.1 OLCI Level-1 TOA radiance products
The format and content of OLCI Level-1 TOA radiance products is described in full detail in [8]. For OMAPS purposes,
these products are accessed from EUMETSAT’s CODA repository, https://coda.eumetsat.int. Details can be found in the

corresponding User Manual, https://coda.eumetsat.int/manual/CODA-user-manual.pdf.

3.1.2 OLCI Level-2 water products
The format and content of OLCI Level-2 water products as generated by the OMAPS Ocean Colour processor has been
described in detail in [7].

3.2 In situ input data

3.2.1 Copernicus OCDB

For OMAPS the Copernicus OCDB is the required source for the in-situ measurements. The in situ data gathered from
OCDB follows protocols and quality standards as described in detail in section 'Preparing in situ data: other sources' in
https://ocdb.readthedocs.io/en/latest/ocdb-MDB-user-manual.html#mdb-files-content. This means that the content

and available variables can be different for the given datasets.

Among the variables available from the OCDB are remote sensing reflectance, concentration of chlorophyll-a, inherent
optical properties such as phytoplankton absorption (aps), total absorption of detritus and gelbstoff (aq), backscattering
of particles (bsp) and the diffuse attenuation coefficient (Kq4). Examples of datasets in the OCDB are shown in [7].

3.3 Matchup configuration

In the OMAPS matchup module, the configuration interface is provided as configuration file (ini format). For
convenience, this configuration file can be generated by the OMAPS Configuration Tool, which is described in more
detail in [9]. The content of the matchup configuration file, together with a full example, is described in detail in [7].

3.4 Matchup variables

In the matchup configuration, the user needs to define in particular the matchup variables to be extracted for the in-
situ vs. satellite comparison. The extracted data for these variables are written in the final output products of the
matchup generation. The rules how to define these variables in the configuration file for the OMAPS matchup module
are described in detail in [7]and [9].

3.5 Intermediate products
Intermediate products generated from these input data sources are:

Page 7 of 12



Ocean Colour Multi-Mission Algorithm Prototype System (OMAPS)

Algorithm Theoretical Baseline Document for Matchup Generation

o OLCI minifiles on @ Nmacro X Nmacro Mmacro pixel window around the selected site, includes original data of
the matchup variables specified (NetCDF format).

o In situ ‘extraction files’ (CSV format), containing the results of an OCDB query for given reference time,
location and variables of interest

Examples of these intermediate products, which might be of interest and use in specific cases, are shown in [7].

3.6 Final products

The final Matchup Database (MDB) products are netCDF files, CSV summary files, or both (depending on user option),
including the matchups between OLCI and the in-situ data. Again, the content of these files, together with full
examples, are described in detail in [7].

4 S3 Matchup Protocol

The implementation of the OMAPS matchup module basically follows the S3 matchup protocol as described in [1]. In
this section, the main steps of the implementation are illustrated. The corresponding scientific algorithms applied in
these steps are documented. For well-known and widely used algorithms, common references are just given instead.
Emphasis is put on the steps of the implementation which deviate from or go beyond the S3 matchup protocol to fulfil
specific OMAPS needs.

41 Time difference between in situ and satellite measurements

An in-situ measurement considered as valid reference measurement must have been measured within a defined time
window around the time of the satellite observation. In the OMAPS matchup module, the length of this time window is
configurable, the default length is +/- 1 hour. Moreover, a special mode of the match-up module allows the extraction
of time series. If this mode is activated, the time information of the reference data is ignored (i.e. the length of the
aforementioned time window is set to infinity). Given this, the in-situ reference measurement is paired with all
available spatially coincident observations of the remote sensing data.

4.2 Satellite data

4.2.1 Spatial window for extraction

In the OMAPS matchup module, the spatial window (‘macro pixel’) for the extraction of satellite data around a
reference measurement is configurable. The user can select between a window of 3x3 or 5x5 pixels, which will cover
most use cases, but it is also possible to ‘degenerate’ the macro pixel to a standard pixel by selecting a window size of
1x1. The default size is 3x3 pixels.

4.2.2 BRDF correction

In the case that match-ups for marine reflectance are extracted, a BRDF normalisation factors should be applied to the
reflectance obtained from both in situ and satellite, in case these were not previously applied to the data. In the case of
OMAPS, the matchup module provides this functionality as an option, thus the user can decide, depending on the type
of input products, if a BRDF correction shall be applied. Apart from this user option, the BRDF correction is only applied
by default in case of OLCI standard L2 products considered as input (‘IPF’ processor mode, see [7]). For the other L2
processors supported by OMAPS (POLYMER, SACSO, L2GEN), the BRDF correction is already done at L2 processing
stage.

The BRDF correction algorithm implemented in OMAPS is not fully outlined here, as it is described in detail in [10], [11]
and [12]. In brief, mandatory inputs for the correction are horizontal wind components, satellite gecometry (VZA, VAA),
solar angles (SZA, SAA), chlorophyll concentration, aerosol optical thickness at 865nm. These quantities are taken from
the satellite input products, and from static auxiliary files which are provided with the OMAPS matchup module
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package. Output of the algorithm are the BRDF correction factors per pixel for the following 11 OLCI wavelengths: 400,
412.5,442.5, 490, 510, 560, 620, 665, 673.75, 681.25, and 708.75 nm.

4.2.3 OWT determination
In the case that match-ups for marine reflectance are extracted, a further specific requirement for the OMAPS matchup
module is that the optical water type shall be determined and provided as output.

The division of waters into optical types is an established concept in marine sciences. Morel and Prieur (1977) [13]
distinguished two water types, those where bulk optical properties are dominated by phytoplankton (Case-1) and those
where bulk optical properties are uncoupled from phytoplankton (Case-2). This early division led to the development of
‘case-1’ and ‘case-2’ algorithms which were tailored to produce the best results under a given set of assumptions about
the optical nature of the waters in question. With the introduction of multidimensional clustering techniques applied to
remote sensing data (see [14], [15]), this classification of waters can be refined. More than 10 optical water types
(OWT) were identified in both open-ocean and inland-water environments in [16] and [17], respectively.

In the OMAPS matchup module, the functionality is implemented using the algorithm provided by Moore et al (2014)
[15]. The resulting number of OWTs depends on the type of the L2 input water products. For example, if the water
product was generated using the POLYMER algorithm, the OWT algorithm provides 14 water types. In any case, the
optical water type determination in the matchup module is only used if OWT variables are not already included in the
L2 water input products.

4.2.4 Per-pixel filtering criteria
NB: The default values detailed in this section correspond to [1].

4.2.4.1 Sun zenith angle
Within the satellite macro pixel window, a pixel will be filtered (observation regarded as invalid) if the sun zenith angle
for this pixel is greater than a threshold specified by the user. The default threshold is 70 degrees.

4.2.4.2 View zenith angle
Within the satellite macro pixel window, a pixel will be filtered (observation regarded as invalid) if the view zenith angle
for this pixel is greater than a threshold specified by the user. The default threshold is 60 degrees.

4.2.4.3 Validity of a satellite observation (obtained from a set of pre-defined quality flags)

Within the satellite macro pixel window, a single pixel is regarded as invalid the pixel is filtered because it is flagged
according to one or more quality flags belonging to a pre-defined set. The default flag set for OLCI standard L2 products
is detailed in [1]. These valid expressions can be specified by the user in the configuration file. For example, if OLCI
standard L2 products are considered (‘IPF’ processor mode), and all water pixels which are not flagged as invalid or
cloudy, the entry in the configuration file should look like

valid pixel expr = WQSF.WATER and not WQSF.INVALID and not WQSF.CLOUD

The default expressions are different for the different input products supported, as described explicitly and in detail in
[7]. Also, a description and an example for a full configuration file are given there.

4.2.5 Outlier removal
In a subsequent step, further single pixel outliers in the macro pixel are removed (observation regarded as invalid) if the
following condition applies for the pixel value x of the ‘reference variable’:

x> ,U.+fvar'0' or x < M_fvar'O'
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where u is the mean and ¢ is the standard deviation of the values of the valid pixels (i.e. those having surpassed 4.2.4.1,
2 and 3) within the macro pixel. The value fvar is the ‘tolerance factor’ which can be configured by the user. The default
value is 1.5. The ‘reference variable’ must be properly specified by the user, as outlined detail in [7] and [9].

4.2.6 Validity of a macro pixel

4.2.6.1 Number of valid pixels

A satellite macro pixel is regarded as valid if a certain fraction of pixels within the macro pixel window is still valid after
all filter criteria detailed in 4.2.4. This threshold number can be configured by the user. The default value is 50%, which
means at least 13 valid pixels in a 5x5 window, and 5 pixels in a 3x3 window.

4.2.6.2 Coefficient of variation
A satellite macro pixel is still regarded as valid if the ‘Coefficient of variation’ does not exceed a threshold which can be
configured by the user. The default is 0.2 at the 560 nm band. The ‘Coefficient of variation’ is computed as:

CV=-—
u

where again i is the mean and o is the standard deviation of the valid values of the ‘reference variable’ within the
macro pixel. Here, valid refers to the remaining pixels after applying all the filter criteria mentioned above, and after
removing the outliers.

4.3 In situ data

4.3.1 Band shifting of water reflectance

In case of marine reflectance, the in-situ instruments have different spectral characteristics than the space borne
sensors (central wavelength, SRF). These differences can be minimised according to a technique called “band shifting” if
bands are sufficiently similar, which is often the case (by purpose).

Following the S3 matchup protocol, the band shifting functionality implemented in the OMAPS matchup module uses
the so-called Quasi-Analytical Algorithm (QAA), which was originally developed by Lee et al. (2002) [18]. The OMAPS
implementation follows an updated version of the original algorithm, as described in detail in Lee et al. (2009) [19].

4.4 Matchup statistics
The following statistical quantities, defined in [1], are provided for a set of N valid matchups of any of the user defined
matchup variables x (e.g. water reflectance, TOA radiance, etc.):

e Median Absolute Difference:
MdAD = median |Xi,insitu - Xi,satl
1<isN
where median{... } represents the median over the set of N valid matchups.
1<i<N

e Median Absolute Percentage Difference:
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i Xi,insitu — Xi,sat
MdAPD = median [———
1

<SisN

Xi,insitu

where rrlledian{... } represents the median over the set of N valid matchups.
<i<N

In radiometry validations, spectral shape statistical analyses can bring additional useful information, in particular
when comparing Level-2 OLCI standard products to any other algorithm products. Thus the OMAPS matchup
module further provides the quantities:

e  Spectral Angle Mapper:

SAM 1 i (RTSi,insitu ) RT'Si,sat)
= — acos
N - ”RTSi,insitu” ”RTSi,sat”

where (R7Sinsitu , RTSisat) is the dot product of Rrs vectors as derived in situ and from satellite along different

spectral bands for each matchup i, and || R7sinsitu|| and || R7sisat|| are the Euclidean norms of the same vectors.

e  Chi-Square:

10N O Wiinsia = Y @isad® )  Rrs():
X_NZ<A >WIthY(A)1—

Y(A)i,insitu RTS(560)1
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