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Abstract

This document describes the validation results of WP3 of the SeaLaBio project obtained until Sep 30, 2020.

Glossary
AC Atmospheric correction
C2RCC Care 2 Regional Coast Color
ChbOM Coloured Dissolved Organic Matter
aCDOM Absorption coefficient of Coloured Dissolved Organic Matter
Chla Chlorophyll a
CMEMS Copernicus Marine Environment Monitoring Service
DOC Dissolved Organic Carbon
DOM Dissolved Organic Matter
EO Earth Observation
ERGOM Ecological Regional Ocean Model
FT Flow-Through
FUB Free University of Berlin (EO processor)
HELCOM Helsinki Commission
ICES International Council for the Exploration of the Sea
IPF Instrument Processing Facility (standard processor)
MERIS Medium Resolution Imaging Spectrometer
MPD Median Percentage Difference
MS Monitoring station
MSI Multi Spectral Instrument
NIR Near infrared
NN Neural Network
0oC Ocean Colour
OLCI Ocean and Land Color Imager
POLYMER  POLYnomial based algorithm applied to MERIS
RMSE Root Mean Square Error
RRMSE Relative Root Mean Square Error
S2 Sentinel-2
S3 Sentinel-3
SAG Scientific Advisory Group
TOA Top of Atmosphere
TSM Total Suspended Matter
WS Water Sample
List of Symbols
Symbol Definition Dimension/Unit
Pa Aerosol signal dimensionless
Pre Rayleigh corrected signal dimensionless
Pw Marine reflectance dimensionless
pwn ) Marine reflectance, normalized dimensionless
n Number of data points
M Reference data
0 Observed data
r Correlation

Rz Coefficient of determination
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1 Introduction

1.1 Scope

Validation Report V2
Date 20.11.2020

This document is the second version of the Validation Report of the SeaLaBio project. It includes the EO
validation results obtained until Aug 31, 2020.

The validation for the ecosystem model ERGOM will be given in the Impact Assessment Report.

1.2 Basics of validation

In Earth Observation validation means the comparison of the values derived from EO data with the in situ
values (i.e. the ground truth). Its main purpose is to find out how well the EO represents the reality and
typically includes a variety of plots and statistics.

At the core of validation are matchups which consist of EO and in situ data pairs that have been observed
from the same place during the same time. In practice, the “same time” requirement is difficult to achieve,
and some amount of time difference has to be accepted. According to Matchup Protocols by EUMETSAT
(2019) the time difference between an in situ measurement and a satellite overpass should be no longer
than 1 hour. The protocol also stated that the time difference can be extended to 3 hours at the beginning of
the mission to get more data points. Smaller differences are of course preferred, but in locations where
temporal changes can be assumed to be small a larger time difference can be accepted. This choice must be

made on case-by-case basis.

Also the “same place” requirement can be difficult to achieve. The water samples are taken from one location
while the EO pixel represents a square with a size from 10 m to 300 m in our case. In locations with large
horizontal gradients the variability of water parameters within one pixel can be substantial. Furthermore,
some measurement platforms (boats and ships) can drift during the measurement, which creates further

uncertainty.

Finally, if the bottom is visible the water quality parameters usually cannot be estimated. Thus, information
about the depth of the station is important.

The typical statistics used in validation are shown in Table 1.

Table 1. Statistics typically used in validation of EO data.

Correlation (r)

n
1 A — g (B —
r(A,B)=n_1Z( lGMA)< l HB)
-1 A %5

where p and o are the mean and standard deviations.

Coefficient of determination (R?)

R2 = r2

Root Mean Square Error (RMSE)

RMSE = /Z(%M)Z, where O is the observed data (satellite), M is the

reference data (in situ) and n is the number of data points.

Relative Root Mean Square Error

RRMSE = RMSE/mean(M) *100%

(RRMSE)
Bias Bias = ~%.(0 — M)
N Number of matchup data points

Median Percentage Difference
(MPD)

MPD = median(|O-M|/M)

Slope

The slope of the regression trend line

Intercept

The intercept of the regression trend line

Ratio (of median)

Median(0/M)
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1.3 Example plots

In addition to the statistics, it is useful to visualize the validation results with various plots. Below are some
example results from earlier validation work.

Scatter plots

Scatter plots visualize a dataset of in situ and EO data pairs (matchups). An example of a scatterplot can be
seen in Figure 1. Often statistical measures are included in the plot to facilitate e.g. the comparison of
different EO processing methods.
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. . N=12
= ‘ :
0 5 10 15

In situ Chl-a (mg/m3)
Figure 1. Example of a scatterplot. Chl-a estimated in the coastal areas of Finland with the standard
C2RCC (circles; top left statistics) and with the experimental NN (squares; bottom right statistics).
Image presented at Sentinel 3 Validation Team meeting, March 2018 by Sampsa Koponen.

Time series plots

Time series plots typically illustrate a dataset where the data has been collected multiple times from one
location. The collection times of in situ and EO data may or may not be the same. The advantage of this is that
dynamic behavior can be seen in both datasets even though the strictest requirements for the time
difference of a matchup (see above) are not met. Figure 2 shows an example of this. Figure 3 in turn shows
an example where EO and in situ data from a longer time period are visualized together. These may be useful
in the open sea areas and with the model comparisons.
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Figure 2. Example of a time series plot. Validation of MERIS Chl-a on an ICES station (HELCOM EUTRO-
OPER, 2015).
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Figure 3. Example of a comparison of EO (MERIS & FUB processor) and monitoring station (MS)
values aggregated within a 20 km by 20 km HELCOM grid.

0

Transect plots

Transect plots are made with in situ data collected from moving platforms (ships or boats). The main
advantage of this is the possibility to collecting large amounts of data from a large area during a single
campaign day. Figure 4 shows an example of this.
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Figure 4. Example of a transect plot. Correspondence of the absorption of CDOM as analysed via S2
(MSI-SYKE, C2RCC-based algorithm,), field measured flow-through (FT) transect and water samples
(WS) on a coastal estuary in Finland.

Product images

Product images show the concentrations of a water quality parameter as a map. The example in Figure 5
shows how a river causes elevated CDOM values in a coastal area during springtime due to the large
amounts of dissolved material transported with water from melting snow.
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Figure 5. An example Sentinel-2 MSI C2RCC CDOM product from a river estuary in Western Finland
on 2019-04-16.
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2 Validation of atmospheric correction
2.1 Qualitative analysis on OLCI scenes

The Baltic+ AC has been tested on OLCI-A and OLCI-B scenes covering various water conditions: very
absorbing waters in the North Gulf of Bothnia (Figure 6), brighter waters and turbid plumes near the estuary
of the Kokemaenjoki river (Figure 7) and blue-green algae blooms in the Archipelago Sea (Figure 8). Results
for POLYMER and C2RCC are also shown. In order to easily visualize the different level of radiometry (here
at 443 nm), the same colour scale is used on all figures. Furthermore, this colour scale is also used for the
Rayleigh corrected signal, pg., and the aerosol signal identified by Baltic+, p,. Comparison between pg., p,
and p,, shows the challenges in decoupling the atmospheric and marine part.

Baltic+ AC manages to provide a smooth map of reflectance with realistic amplitude on the whole scenes. In
the Gulf of Bothnia, the AC retrieves a very low, yet positive, signal at 443 nm. POLYMER fails and retrieves
an erroneously high p,, in the most absorbing part, probably because of ambiguities between the aerosol and
marine model not adapted for such cases. C2ZRCC performs relatively well but p,, appears quite high for this
region, as confirmed in the analysis on match-ups.

All undetected clouds, visible on pg. map of Figure 7, are well corrected by the Baltic+ AC and POLYMER:
their contribution is set to p,, and the underlying marine reflectance looks realistic compared to the
neighbouring pixels. On the contrary, these undetected clouds degrade performance of C2ZRCC, which
underestimates p,,,. This shows that the polynomial model from POLYMER, used in the Baltic+ AC, is robust
to such contamination. On Figure 7, Baltic+ is providing the most contrasted map of reflectance, with
relatively low value offshore (purples) while the plume is well captured, contrary to POLYMER. Still, it can be
seen on the p, map that the Baltic+ AC underestimates the aerosol on the most turbid parts of the plumes.
We have observed that starting from other first guess could solve this issue. It is likely that the most complex
situations could benefit from an improved backward NN, used as first guess, or possibly other tuning in the
iterations.

Figure 8 shows an interesting case of OLCI camera interface, with a strong jump in radiometry, due to the
well-known smile effect (non-homogenous detector wavelength inside each camera and between the
cameras). The POLYMER and Baltic+ AC takes the exact wavelength of each pixels in the aerosol terms (as
seen on map of p,), and by subtraction the interface does not show any more on p,,. The interface in visible
for C2RCC, whose NNs consider the same theoretical nominal wavelength for all pixels, and which would
require a smile correction first. Aside from the camera interface, C2ZRCC presents also a noisy and high p,,,.
Baltic+ provides again the most contrasted map, with deep purple areas on most of the scene

(o (443)<3*10-3) but blooms clearly visible on the left-hand side of the scene.

Finally, the uncertainty map provided by the Baltic+ processor gives more insight in the trustworthiness of
the inversion. Very high values appear in complex areas, like small inland waters, or in the most turbid part
of the river plume. Interestingly, the uncertainty is not higher over the undetected clouds (except very
limited pixels), what shows that the correction is as much trustable here as over other clear-sky adjacent
pixels. In the north Gulf of Bothnia, the absolute level of uncertainty is very small, below 10-3, which is a
noticeable performance although it is relatively high compared to the extremely small amplitude of p,,. In
general, the uncertainty level follows the amplitude of p,,, however not systematically: on Figure 7, in some
part of the plume, and on Figure 8, in most of the algal bloom, the uncertainty remains as low as over less
complex waters. The uncertainty relates strongly to the quality of the spectral fit, hence adequacy of the
marine model, which is likely variable depending on IOPs. The uncertainty maps suggest trophic conditions
where the model could be improved. In turn, the uncertainty of the marine model should, ideally, be used in
the AC minimization, to constrain the bands with larger uncertainty. The current implementation technically
allows for this capability but requires estimates of the forward model uncertainties, for a given set of IOPs.
From general behaviour of non-linear least-square minimization, it can be expected that constraining the
inversion with input uncertainties will reduce the amplitude of the output uncertainty.
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Figure 6 Anal.ysis of Baltic+ AC in northern Gulf of Bothnia (OLCI-A, 20180602). Same colour scale for pg., p,,

and unc. p,, (top right colour bar). Band 443 nm.
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Figure 7 Analys1s of Baltic+ AC on the estuary of the Kokemaenjoki river (OLCI-B, 20190415. Same colour scale
for pg., p,, and unc. p,, (top right colour bar). Band 443 nm.
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Figure 8 Analysis of Baltic+ AC in the Archipelago Sea (OLCI-A, 20170814). Same colour scale for pg., p,, and

unc. p,, (top right colour bar). Band 443 nm.
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2.2 OLCI-A match-ups

In Figure 9 and Figure 10 we compare the OLCI-A normalized reflectances provided by the Baltic AC
processor (version with forward NN) and other processors (POLYMER (Steinmetz et al., 2011), C2RCC
(Brockmann et al., 2016) and standard AC (IPF; Antoine and Morel, 1999)) against the normalized
reflectance measurements from the AERONET-OC stations in the Baltic (Gustav Dalen Tower, Helsinki
Lighthouse) and in a lake in Sweden (Palgrunden). The processing includes all S3 match-ups available from
May 2016 to June 2017. The analysis is limited to standard AERONET-0OC bands, i.e. 412, 443, 490, 510, 560
and 665 nm which benefit from highest quality assurance (Zibordi et al., 2009); according to the PI (G.
Zibordi, JRC,) AERONET-0OC measurements further in the NIR, at 865 and 1020 nm, are of lower quality and
not suited for validation: "Additional measurements are performed at 709, 865, and 1020 nm for quality
checks, turbid water flagging, and for the application of alternative above-water method"
(https://aeronet.gsfc.nasa.gov/new_web/ocean_levels_versions.html). Note that the number of match-ups
may vary with wavelengths due to lack of in situ measurements, especially at 510 and 560 nm.

The screening criteria applied on the match-ups follows standard protocols in ocean colour radiometry
(Bailey and Werdell, 2006):

e Maximum time difference between in situ and satellite acquisitions of 3 hours
e 50% of valid pixels in the micro-pixels (here 15x15 FR pixels), depending on quality flags
e Qutlier removal in the averaging (pixels whose value differ from the mean by more than 1.5 std-dev)
e Coefficient of Variation (std-dev / mean) lower than 0.2
Flags depend on the processor as follows:

e Currently, the Baltic+ processor does not provide quality flags, although uncertainties are available
(vertical lines in next plot; only available for Baltic+). Furthermore, the classification by Idepix could
not be applied upstream of the Baltic+ match-ups processing (whereas it can be for scenes
processing), making the data possibly impacted by clouds. Despite this absence of flagging, the
screening only based on statistical filtering seems to be enough to remove dubious data.

e For C2RCC, the flags are: Rtosa_00S, Rtosa_OOR, Rhow_0OOR, Rhow_00S, Cloud_risk

o For POLYMER, the flag is “bitmask & 1023” (standard flagging used for instance in ESA OC-CCI)

e For the IPF, we apply the flags recommended in the Sentinel-3 Validation Team protocols: INVALID,
AC_FAIL, WHITECAPS, ANNOT_ABSO_D, ANNOT_MIXR1, ANNOT_TAUO06 and RWNEG from band 2 to
band 8. The number of valid data appears to be very low. We have checked that removing these flags
would add few more points, but would not help to reach the numbers available by other processors.

The results show that the standard processor (IPF) is not doing well in the blue (412 nm) whereas the
performance is good at other bands (560, 665 nm) for the very few stations passing the criteria. The big
issue for IPF is the number of available data points, much smaller than with the other processors. C2ZRCC is
doing better, with much more data and good performance in the red, but it also has overestimation problems
in the blue and green parts of the spectrum, together with scattered data. The results with POLYMER are
very good in term of number of valid data and overall bias, despite overestimation in the blue too. At 412

nm, the Baltic processor yields the best regression slope (about 0.80) and lowest absolute bias of about 2*10-
3, Baltic+ has the best regression coefficient (around 0.8, except at 412 nm), indicating robust results, but
there is a slope from 490 nm not observed for other ACs. We have observed that the results on match-ups
depends significantly on the first guess of the minimization, currently given by a backward NN; other options
can improve the results. Since the current backward NN is known to have limitation (in particular the use of
1020 nm, affected by strong calibration issue), we can expect improved results with a future version of this
NN.
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Figure 9. Comparisons of pwn values provided by the Baltic+, C2ZRCC, POLYMER and IPF processors
(with Sentinel 3 data) and in situ py~ measured at Aeronet OC stations (Gustav Dalen Tower, Helsinki
Lighthouse and Palgrunden) at 412 nm, 490 nm, 560 nm and 665 nm. For Baltic+, vertical lines
correspond to the estimated uncertainties in marine reflectance.
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Figure 10. Averaged spectra of pwn provided by the Baltic+, C2ZRCC, POLYMER and IPF processors
(with Sentinel 3 data, in blue) and compared to in situ p.n measured at AERONET-OC stations (Gustav
Dalen Tower, Helsinki Lighthouse, Plagrunden, in red).

2.3 Validation plans

The AC has been adapter for S2. Specific pre-processing parts have been implemented. The core part of the
code is the inversion which is common to S3 and S2. Performance of the AC using forward NN is not ensured
for S2, due to the limited number of bands compared to the 5 IOPs to inverse: forwardNN for S2 provides
marine reflectance at eight bands only (443, 490, 560, 665, 705, 740, 783, 865 nm), versus 14 bands used for
OLCI. Validation of S2 data is thus currently postponed.
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3 Validation of in-water parameters

3.1 Sentinel-2 & C2RCC

We tested the use of Sentinel-2 data processed with C2ZRCC V1 processor for providing aCDOM data for the
purposes of this project (see the Dataset User Manual deliverable for more details). This product has been
calibrated with data from Finnish coastal campaigns and routine monitoring measurements (see e.g. Figure
4) and works well in the Finnish conditions. For example, Figure 11 shows the behavior of EO data against in
situ measurements at two coastal stations in the Bay of Bothnia. Both datasets show a clear seasonal cycle
and the EO interpretation follows well the in-situ values.
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Figure 11. aCDOM derived from Sentinel-2 data with C2RCC V1 processor vs. in situ values measured
at (a) the Hailuoto intensive monitoring station and (b) Luodonselka station (both located at the
Northern end of the Baltic Sea). The wavelength of the aCDOM determination is 400 nm. The images
were extracted from SYKE's TARKKA service.

The S2 processing line was validated with the in situ data collected in WP2 (Dataset). aCDOM in situ
measurements were only available from Finland and Sweden. The matchups represent the mean of 5 by 5
pixel areas (60 m pixels) using same day data. The results are shown in Figure 12 while Figure 13 shows the
locations of the matchup stations. Figure 12 includes results for the data calibrated for Finland and the direct
output of the processor. The coefficient of determination is about 0.5, which is quite good. There is a fair
amount of scatter as shown by the RMSE values. Nevertheless, this processing line can provide sufficiently
good CDOM data for the ERGOM model.

18



Project: Baltic+ Theme 2 - SeaLaBio
ESA Contract No. 40000126233/18/1-BG

Validation Report V2
Date 20.11.2020

S2 CDOM dataset, EO vs. in situ
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Figure 12. aCDOM derived from Sentinel-2 data with C2RCC V1 processor vs. in situ values from

monitoring stations. In (a) the processor output (a_dg) is used directly while in (b) the processor

output has been calibrated with in situ data from Finland. Note that the wavelength used in the CDOM
absorption coefficient in the sub-figures are different.
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Figure 13. Locations of the matchup stations.

Band ratio algorithms were also tested to derive CDOM from atmospherically corrected reflectances.
According to the simulations (Figure 14) it is possible to use a ratio of bands in red and green wavelengths
with S2 MSI data. This has the advantage of avoiding the blue wavelengths where atmospheric correction
algorithms often have problems and the signal can be low (especially in high CDOM situations). Figure 15
shows the result with Rhown bands derived from S2 data with the C2RCC V1 processor. According to these
results the ratio B4/B3 (665 nm and 560 nm, respectively) gives the bests correlation followed by B5/B3

(709 nm and 560 nm, respectively).

aCDOl\X‘M 3) 1/m

0 1 2 3 -
Rs(698-713)/R5(542-578)

Figure 14. Band ratio algorithm for aCDOM based on HydroLight simulations made from
concentrations found in Finnish lakes (Kallio et al. 2014).
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S2, band ratios vs. in situ CDOM

84 * Baltic Proper L] g{ ® Baltic Proper [ ] @ Baltic Proper
@ Bay of Bothnia and Quark ° @ Bay of Bothnia and Quark @ Bay of Bothnia and Qvark
@ Eastern Gulf of Finland @ Eastern Gulf of Finland @ Eastern Gulf of Finland linear. fit
71 e na ¢ 71 e ma N 101 ¢ na N=131
® . R=0.45
ERN 61 RMSE = 1.26 m~!
E @ ¢o
< oo °
£ 5 .o = : 54
£ > - e
g 4 - linear fit e
g e ° N=1317 4
z 31 o R=0.09 31
g o® ©RMSE =1:61m"!
N 24 ® - ° 24
Seme ='o ° ) .
°
1 °e% ° LY ° ® . 1
L]
0 e o]
0.0 05 10 15 2.0 2.5 0.0 05 10 15 2.0 2.5 0.0 05 10 15 2.0 2.5
B4/B1 (665/443) B4/B2 (665/492) B4/B3 (665/560)
g e BatticProper ° g4 @ BalticProper ° @ Baltic Proper
@ Bay of Bothnia and Qvark L) @ Bay of Bothnia and Qvark ° @ Bay of Bothnia and Qvark -
® Easter Gulf of Finland X ® Eastern Gulf of Finland 2 10 © Eastem Gulfof Finland linear.fit
71 e na 71 e na e na N=131
® - R'=0.42
5 6 6 RMSE = 1.30 m?
2 wo 8
& e ° —
< 5| . N 5] linear_fit
: - o N=131
£ -
= 4 e 2 hnca‘rﬂl 4 fpulah 1
g K *N=131 RMSE = 1.52 m™}
<, R=0.12 3 4
8 RMSE = 1.59 m
) -
& 24 , 24
o
24
14 ° 14
01 ° 09 ° 04
0.0 05 10 15 2.0 2.5 0.0 05 10 15 2.0 2.5 0.0 05 10 15 2.0 2.5

B5/B1 (704/443)

B5/B2 (704/492)

B5/B3 (704/560)

Figure 15. Sentinel-2 & C2RCC V1 reflectance band ratios vs. in situ aCDOM. Note that the wavelength
used in the CDOM absorption coefficient is 400 nm.

3.2 Sentinel-3 OLCI & C2RCC

Sentinel-3 OLCI data were processed to matchups with C2RCC V1 similarly to Sentinel-2 data (Chapter 3.1).
However, this processing line has not been calibrated with the Finnish in situ data and hence only the raw
processor output (a_dg) is compared against in situ data. The matchups were formed from same day data
but with 3 by 3 macro pixels. The results are shown in Figure 16 and matchup locations in Figure 13. Figure
17 shows the results with band ratios. These results are clearly worse than with S2 data. The number of
matchups is larger than with S2 data due to the better temporal coverage.
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Figure 16. aCDOM derived from Sentinel-3 OLCI data with C2ZRCC V1 processor (a_dg) vs. in situ
values from monitoring stations. Note that the wavelength used in the CDOM absorption coefficient is
443 nm.
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Figure 17. Sentinel-3 & C2RCC V1 reflectance band ratios vs. in situ aCDOM. Note that the wavelength
used in the CDOM absorption coefficient is 443 nm.

3.3 Sentinel-3 OLCI & Baltic+ AC

The final test was the matchup analysis with OLCI data and the new Baltic+ AC processor (Figure 18). With
reflectance band ratios there is a clear improvement in correlation compared to the C2RCC. Here 5*5 macro-
pixels were used and any macro-pixel with less than 20 valid pixels were not included in the analysis. The
best correspondences were found with band ratios B8/B6 and B11/B6. For further analysis the ratio B8/B6
was selected since B11 (709 nm) still had some uncertainties in the aerosol estimation. B6 is the 560 nm
band. The calibration equation for this case is:

Pwn(665nm)

aCDOM(4OOnm) = 4.85 * m

) + 0.65 @3.1)

Figure 19 shows the aCDOM time series plot of a station located in the Finnish side of the Bay of Bothnia
(Northern Baltic Sea) when Eq. (3.1) has been used in the processing of OCLI data. The EO result follow well
the behavior of the in situ data although some overestimations remain in the low in situ values. The EO
result contains some variations which may be noise. Thus, the use of temporal aggregation is recommended.
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Figure 18. Sentinel-3 & Baltic+ reflectance band ratios vs. in situ aCDOM. Note that the wavelength
used in the CDOM absorption coefficient is 400 nm.
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Figure 19. aCDOM timeseries measured in a laboratory from is situ samples and estimated from

Sentinel-3 OLCI images with the band ratio rho_wn_8/rho_wn_6 (Eq. 1) at the Hailuoto intensive
monitoring station.

3.4 Intercomparing Sentinel-2 MSI & c2rcc and Sentinel-3 OLCI & Baltic+ AC

Preparation for merging of Sentinel-2 and Sentinel-3 aCDOM products can include an intercalibration of
these products. From satellite overpasses of the same days, several hundred macropixel were randomly
selected from the Sentinel-2 aCDOM product. The macropixels have to consist entirely of valid pixels (using
Idepix flag CLEAR_WATER, which states that there is a clear atmosphere above the water and excluding
c2rcc CLOUD_RISK) and at the same time the ratio of standard deviation to mean value has to be below 15%.
Noisy patches of the aCDOM map, which can be caused by submerged ice, where the atmospheric correction
is bound to fail, are excluded in that way. The center pixel position of the homogenous macropixel becomes
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the extraction point for a single pixel of the Sentinel-3 product, given that it is valid (using Idepix flags not
land, not snow/ice, not cloud or cloud buffer).

The aCDOM products are thus the mean value of the macropixel from S2-MSI (resampled to 60m) and the
single full resolution pixel (300m), so that they are supposed to cover the same area.

There are two aCDOM products of S2-MSI considered here: one is a band ratio algorithm using the
atmospheric corrected water leaving reflectance after the application of c2rcc, the second one scales the
c2rcc IOP product adg (combining gelbstoff and detritus absorption) to retrieve aCDOM.

1.29
pw(709)
acpom (443nm) = 5.16 <m (3.2)
acpom (440nm) = 0.654 iopgs + 0.2 (3:3)

These two S2-MSI aCDOM products (at 443nm and 440nm, Eq. (3.2) and (3.3)) are compared to the aCDOM
of the OLCI band ratio algorithm, which has been calibrated for the Baltic+AC reflectances (Eqg. (3.1), at
400nm).

In this example of 14th of May 2018, the homogeneous macropixel can be found closer to the coast and
almost all within one camera of Sentinel-2B. The aCDOM products based on band ratio algorithms (Figure
20, left, orange crosses) behave in a very clear linear fashion over the entire range of values to one another,
which would allow an easy transformation of the one product into the other. The adg based aCDOM (blue
crosses) show a S-shape in relation to the S3-OLCI band ratio. This behavior can be traced back to the
underlying neural networks, which might show such nonlinear features close to the upper and lower limits
of their training range.

Other examples (not shown here) suggest that for a full characterization of the necessary transformations
the correlations would have to be studied as functions of the cameras which are involved.
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Figure 20. Selection of valid macropixels for S2B product (right, date 20180514, tile 34WFS, time
difference to OLCI overpass 30min) falls into one camera near the coast. Band ratio algorithms of S2B
C2RCC and S3A Baltic+AC show a well defined linear relationship (left, orange crosses). aCDOM
derived from C2RCC adg (blue crosses) show a S-shape in relation to the S3-OLCI band ratio.
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4 Validation summary

Based on these results the new Baltic+ processor provides the best atmospherically corrected reflectances
when compared to other currently available processors (C2RCC, IPF). The estimation accuracy of aCDOM
(with a band ratio algorithm) also improves when compared to earlier processors. The estimation accuracy
with OCLI is now better than with S2 and C2RCC.
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