3

4

8

PAL-S5POC-PUM-
AWI-IUP

Sentinel-5P Ocean Color:
Product User Manual
PUM

Version 1
Doc: PAL-S5POC-PUM-v1
Date: 6 Mar 2025

Sentinel-5 Precursor 4+ Innovation:
Sentinel-5 Precursor Ocean Color (S5P0OC)

S5P diffuse attenuation (/K;) product in
Sentinel-5-p (S5p) Productive Algorithm
Laboratory (PAL)

Product User Manual (S5POC-PAL-PUM)

A. J. Bellido Rosas' & A. Richter? & A. Bracher'? Date: March 6, 2025

! Alfred Wegener Institute (AWI), Helmholtz Centre for Polar and Marine Research, Busses-
traBe 24, D-27570 Bremerhaven, Germany
2|nstitute of Environmental Physics (IUP), University of Bremen, Otto-Hahn-Allee 1, D-
28359 Bremen, Germany




PAL-S5POC-PUM- | Sentinel-5P Ocean Color: | Version 1
AWI-IUP Product User Manual |Doc: PAL-S5POC-PUM-vl
PUM Date: 6 Mar 2025
Change log
11
Version Nr. Date Status Change
0.1 Dec 23, 2024 | PUMVO.1 First Draft
0.2 Jan 22, 2025 | PUMvV0.2 Revised according to
12 S&T feedback
1.0 Mar 6, 2025 | PUMv1.0 Revised according to
S&T feedback




PAL-S5POC-PUM- | Sentinel-5P Ocean Color: | Version 1
AWI-IUP Product User Manual Doc: PAL-S5POC-PUM-v1
PUM Date: 6 Mar 2025

s Contents

12 List of Figures
15 List of Abbreviations
16 List of Related Documents

17 1 Introduction
18 1.1 Purpose and Objective . . . . . . . .. ... .. ... .....
19 1.2 Document overview . . . . . . ..

20 2 Overview of the S5POC products

21 2.1 Product overview . . . . . .. ..
2 2.1.1 Quality assurance . . . . ...
23 2.1.2 Product validation results . . . . . . . . ... ... ...

22 3 Product Format Specifications

25 3.1 Fileformat . . . . . . . . . .. ...
2 3.2 Filename convention . . . . . . ... ... ... ...
27 3.3 Structure of S5POC datafiles . . . . .. ... .. ... ....
28 3.3.1 Data product examples . . . ... ... ... ... ...

~N ~

o 00 N ~N

o © O




29

30

31

32

33

34

PAL-S5POC-PUM-
AWI-IUP

Sentinel-5P Ocean Color:
Product User Manual
PUM

Version 1
Doc: PAL-S5POC-PUM-v1
Date: 6 Mar 2025

List of Figures

1 General structure of the S5P K, L2 file

Gridded plot (5 minutes) of Ky-blue data [m™!] within example
file. Only valid pixels of the example data set are shown, i.e.,
land pixels and cloud covered pixels (cloud fraction > 0.01) were

removed.




35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

PAL-S5POC-PUM-
AWI-IUP

Sentinel-5P Ocean Color:
Product User Manual
PUM

Version 1
Doc: PAL-S5POC-PUM-v1
Date: 6 Mar 2025

List of Abbreviations

AWI

Alfred Wegener Institute Helmholtz Centre for Polar and

Marine Research

blue

DOAS

IUP

Ky
MODIS-Aqua
OC-CcCl
OLCI
PhytoDOAS
RMS

RMSD

S5P

S5P0OC
TROPOMI
uv

UVA

UVAB
VIIRS

VRS

DOAS fit window in ultraviolet-A from 390 to 423 nm

Differential Optical Absorption Spectroscopy

Institute of Environmental Physics

Diffuse attenuation coefficient

Moderate Resolution Imaging Spectroradiometer-Aqua

Ocean Colour Climate Change Initiative

Ocean and Land Colour Instrument

DOAS applied for retrieval of phytoplankton biomass

Root mean square

Root mean square difference

Sentinel-5 Precursor

Sentinel-5 Precursor Ocean Color

Tropospheric Monitoring Instrument

Ultraviolet

DOAS fit window in ultraviolet-A from 356.5 to 390 nm

DOAS fit window in ultraviolet-A from 312.5 to 338.5 nm

Visible/Infrared Imager Radiometer Suite

Vibrational Raman Scattering




56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

7

78

79

80

PAL-S5POC-PUM- | Sentinel-5P Ocean Color: | Version 1
AWI-IUP Product User Manual Doc: PAL-S5POC-PUM-v1
PUM Date: 6 Mar 2025

List of Related Documents

[RD1] Bracher A., Oelker J., Bellido Rosas A. J., Richter A. (2024)
Exploitation of Sentinel-5-p (S5p) for Ocean Colour Products (S5POC)
- S5p diffuse attenuation (K,;) product in Sentinel-5-p (S5p) Produc-
tive Algorithm Laboratory (PAL): Algorithm Theoretical Base Document
(SSPOC-PAL-K4-ATBD) Version 1.0, 20 Dec 2024, SS5POC_PAL_K
ATBD_v1.0.20122024.pdf.

[RD2] Losa S. N., Brotas V., Brito A., Costa M., Dinter T.,
Favareto L., Gomes M., Oelker J., Rio M.-H., Sa C., Soppa M.S., Susee-
lan V. P., Bracher A. (2022) Sentinel-5P Ocean Colour: Data Pool and
Auxiliary User Manual 2 (DP + AUM2; S5POC_DP-D2_AUM2-D8). Ver-
sion 1.2, 13 May 2022. https://www.awi.de/fileadmin/user_upload/AWI/
Forschung/Klimawissenschaft/Physikalische_Ozeanographie_der_Polarmeere/
S5POC_DP-D02_AUM2-D08_v1.2_13052022 signed.pdf

[RD3] Bracher A., Losa S. N. (2024) Exploitation of Sentinel-
5-p (S5p) for Ocean Colour Products (S5POC) - S5p diffuse attenua-
tion (K) product in Sentinel-5-p (S5p) Productive Algorithm Labora-
tory (PAL): Validation Report (S5POC-PAL-K4-VR). Version 1.0, 13 May
2024. S5POC_VR_D05.v3.0.13052022.pdf

[RD4] Bracher A., Alvarado A., Richter A., Rio M.-H., Brotas V.,
Brito A., Costa M. (2022) Sentinel-5P Ocean Colour: Impact Assessment
Report. S5POC-IAR-D09 v3.1. 13 May 2022. S5POC_IAR_D05_v3.1_13052022.pdf

[RD5] Oelker J., Losa S. N., Richter A., Bracher A. (2022) TROPOMI-
retrieved underwater light attenuation in three spectral regions in the ul-
traviolet to blue. Frontiers in Marine Science 9. 787992. doi: 10.3389/fmars.2022.787992




83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

PAL-S5POC-PUM- | Sentinel-5P Ocean Color: | Version 1
AWI-IUP Product User Manual Doc: PAL-S5POC-PUM-v1
PUM Date: 6 Mar 2025

1 Introduction

1.1 Purpose and Objective

This document describes the technical characteristics of the TROPOMI S5POC
level 2 products developed within the Sentinel-5 Precursor (S5P) + Innovation
project, theme 7 S5P Ocean Color (S5POC). The purpose of this document
is to provide product users a brief description of the underlying retrieval, a
summary of the product validation, recommendations for flagging, and detailed
description of the data file format.

1.2 Document overview

Section 2 gives an overview of the products, including description of available
flags and their recommended usage, a summary of the validation results, and
information on data distribution. Section 3 contains details on the data file
format.

2 Overview of the S5POC products

2.1 Product overview

The S5POC product consists of diffuse attenuation coefficients (K) at different
spectral ranges in the UV and blue spectral range from TROPOMI. The retrieval
is based on Differential Optical Absorption Spectroscopy (DOAS) extended to
the ocean domain (PhytoDOAS). Fit results from the DOAS retrieval are con-
verted into physical quantities using look-up-tables which were established with
radiative transfer modeling.

The S5POC K product consists of three variables - the mean diffuse atten-
uation coefficient (K) of the downwelling plane irradiance over the first optical
depth and over three different wavelength regions: 390 - 423 nm (K4-blue),
356.5 - 390 nm (K 4-UVA), and 312.5 - 338 nm (K4-UVAB). The spectral de-
pendent K, are derived from the Vibrational Raman Scattering (VRS) signal
of the ocean which is retrieved by a DOAS fit in three different fit windows.
K 4-blue corresponds to a DOAS VRS fit in the wavelength region 450 - 493 nm,
K4-UVA to 405 - 450 nm, and K4;-UVAB to 349.5 - 382 nm. VRS fit factors
in the blue fit window (450 - 493 nm) were offset-corrected (offset of 0.186
was added to the VRS fit factor of all processed S5P ground pixels). Derived
K 4-blue are otherwise unrealistically high. The offset was determined with the
help of K data at 490 nm from the Ocean and Land Color Instrument (OLCI)
onboard Sentinel-3A.

Details on the algorithms can be found in the Algorithm Theoretical Baseline
Document (ATBD, [RD1]) which is based on Oelker et al. 2022 [RD5].
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2.1.1 Quality assurance

All TROPOMI ground pixels are processed globally. The product provides flags
to filter for valid ground pixels, i.e., land pixels, ice- and cloud-covered pixels
should be removed. The product files contain information on cloud coverage,
ice and land flags. If a region does not contain any ice-covered ocean areas, the
snow-ice flag can be ignored and only the land flag should be used to remove
land and inland water pixels. The snow-ice mask also enables a screening of
coastal pixels. Recommended flagging:

e variable cloud fraction crb nitrogendioxide window < 0.01;

e variable snow_ice_flag (integer): only open ocean pixels (255);

The valid ground pixels can also be easily accessed using the either ga_value_blue,

ga_value_UVA or ga_value_UVAB set to 1.

The product files also contain the root mean square (RMS) of the DOAS
fit residual for advanced interpretation of the retrieval results.

2.1.2 Product validation results
K, validation results

S5POC TROPOMI K data was compared to field measurements of spectral K
obtained during three ship campaigns in the Atlantic (C) and polar regions (D).
In-situ data was either obtained from radiometric profiles measured at stations or
measured by a ship-towed undulating system. Using a loose match-up criterion
of £2 days and a radius of 5.5km, 25 in-situ measurements could be matched
in total (only 3 match-ups for polar regions). Bias of -0.023 (K4-UVAB), -0.011
(K4-UVA), and -0.009 (K 4-blue), and RMSD of 0.029 (K4-UVAB), 0.028 (K 4-
UVA), 0.016 (K 4-blue) were found. Pearson correlation coefficient is around
0.68 for K;-UVAB and K4-blue, and 0.4 for K4-UVA.

S5POC Kg4-blue was compared to wavelength-converted K ;490 from the
multispectral sensor Sentinel-3A Ocean and Land Colour Instrument (OLCI)
and the merged Ocean Color Climate Change Initiative (OC-CCl) version 4
product which contains data from VIIRS and MODIS-Aqua. Data sets were
compared as gridded data (0.083°) on a daily basis. Pearson correlation coef-
ficients greater than 0.7 are reached, if data sets are restricted to K; < 0.3
m3 (<0.5 m3 for polar regions) which covers more than 95% of the world
ocean. Absolute differences between the three data sets are generally smaller
than the uncertainties provided by the OC-CCl K;490 product as RMSD on a
pixel-by-pixel basis. (Note that the biases between the three data sets are par-
ticularly low, because OLCl K ;490 data was used for offset-correcting VRS fit
factors from which K4-blue product was derived. Comparisons were considered
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to estimate the random error and regional differences.) More details can found

in SSPOC-VR [RD-3] and Oelker et al. 2022 [RD-5].

3 Product Format Specifications

3.1 File format

The S5POC PAL K data are provided as netCDF-4/HDF5 files.

3.2 Filename convention

The file name format follows the convention used for operational level 2 TROPOMI

products. File name example:

S5P_PAL_12_KD

_010000.20241220T194647 .nc

20180728T073812_20180728T091942_04085_03

e The first field corresponds to the mission name, always S5P;

e The second field corresponds to the file class, PAL;

e The third field corresponds to the product level, here L2__;

e The fourth field corresponds to the product name, for KD_____

e The fifth field corresponds to the start of granule in UTC as
YYYYMMDDTHHMMSS with “T" as a fixed character;

e The sixth field corresponds to the end of the granule in UTC as
YYYYMMDDTHHMMSS with “T" as a fixed character;

The seventh field is the orbit number;
The eighth field is the collection number;

The ninth field corresponds to the processor version number as MMmmpp,
with MM the major version number, mm the minor version number, and pp
the patch level,

The tenth field corresponds to the time of data file creation as
YYYYMMDDTHHMMSS with “T" as a fixed character;

The file name extension is nc for netCDF-4/HDF5.
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3.3 Structure of S5POC data files

The structure of the S5POC data files follows the operational TROPOMI level
2 data files. Data are organized into groups as follows (Flg. 1), as provided in

the K product:

PRODUCT: This group contains information on dimensions and their cor-
responding variables time, scanline, ground pixel, cormer. The

main variables are the variables of the TROPOMI S5POC product vari-

ables (K blue, K, UVA, K, UVAB), delta time, quality values (qa_value blue,
qa_value UVAB, ga_value UVA) and the central latitude and longitude
coordinates.

PRODUCT/SUPPORT_DATA/GEOLOCATIONS: This group contains informa-

tion on viewing geometries (viewing zenith angle, viewing azimuth angle,
relative azimuth angle, solar zenith angle, solar_azimuth angle),
satellite position variables and all four corner coordinates of the TROPOMI

ground pixels (longitude_bounds, latitude_bounds).

PRODUCT/SUPPORT _DATA/DETAILED RESULTS: This group contains the
VRS fit factors in three different fit windows (VRS_fit_factor_blue,
VRS_fit_factor_shortblue, VRS_fit_factor_UV), fit errors and the
corresponding RMS of the retrieval residual (RMS_blue, RMS_UV, RMS_shortblue).

PRODUCT/SUPPORT _DATA/INPUT_DATA: This group contains information
on cloud coverage (cloud_fraction_crb nitrogendioxide_window) and
flags for land (land_flag) and ice-covered pixels (snow_ice_flag).

META DATA/ALGORITHM _SETTINGS/DOAS _RETRIEVAL/: This group con-
tains a description of detailed settings for the DOAS retrieval which are
valid for all three DOAS fits and the specific setting for the current fit.

10
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MName

v [#]S5P_PAL_L2_ KD 20180718T040301_20180718T054430_03941_03_010000_20250303T135554.nc

v & METADATA
v & DOAS_RETRIEVAL
> & DOAS_RETRIEVAL_KD_BLUE_SPECIFIC
» & DOAS_RETRIEVAL_KD_UVA_SPECIFIC
> & DOAS_RETRIEVAL_KD_UVAB_SPECIFIC
v & PRODUCT
@ corner
@ delta_time
@ ground_pixel
@ KD_blue
@ KD_UVA
@ KD_UVAB
@ latitude
@ longitude
@ ga_value_blue
@ ga_value_UVA
@ ga_value_UVAB
@ scanline
v &) SUPPORT_DATA
v & DETAILED_RESULTS
@ RMS_blue
@ RMS_shortblue
@ RMS_UV
@ VRS_fit_factor_blue
@ VRS_fit_factor_error_blue
@ VRS_fit_factor_error_shortblue
@ VRS_fit_factor_error_UV
@ VRS_fit_factor_shortblue
@ VRS_fit_factor_UV
v & GEOLOCATIONS
@ latitude_bounds
@ longitude_bounds
@ relative_azimuth_angle
@ satellite_altitude
@ satellite_latitude
@ satellite_longitude
@ satellite_orbit_phase
@ solar_azimuth_angle
@ solar_zenith_angle
@ viewing_azimuth_angle
@ viewing_zenith_angle
v & INPUT_DATA
@ cloud_fraction_crb_nitrogendioxide_window
@ land_flag
@ snow_ice_flag
@ time

Figure 1: General structure of the S5P K; L2 file

200 A detailed overview of the example file’s structure and description of its
210 variable dimensions and attributes can be found below for the S5P K:

11
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Table 1: List of variables in the PRODUCT group

Product

Names Units | Dimensions Description

time s 1 seconds  since  2010-01-01
00:00:00

scanline 1 number of scans defines the indices along the
track

ground_pixel 1 ground pixels = 450 defines the indices across the
track

corner 1 corners = 4 defines the indices for the pixel
corners

delta_time ms time x scanline offset from reference start time
of measurement

latitude °N time x scanline x ground_pixel | pixel center latitude

longitude °E time x scanline x ground_pixel | pixels center longitude

KD_blue m—1 time x scanline x ground_pixel | KD region 390 - 423 nm

KD_UVA m—! time x scanline x ground_pixel | KD region 356.5 - 390 nm

KD_UVAB m—! time x scanline x ground_pixel | KD region 312.5 - 338.5 nm

ga_value_blue |1 time x scanline x ground_pixel | overall quality flag for KD_blue
in range from 0 to 1

ga_value UVA |1 time x scanline x ground_pixel | overall quality flag for KD_UVA
in range from 0 to 1

ga_value_.UVAB| 1 time x scanline x ground_pixel | overall  quality flag  for
KD_UVAB in range from
Oto1l

12
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Table 2: List of variables in the SUPPORT_DATA/GEOLOCATIONS group

Geolocations

Names Units | Dimensions Description
latitude_bounds °N time x scanline x ground_pixel x | The four latitude boundaries of
corner each ground pixel.
longitude_bounds °E time x scanline x ground_pixel x | The four longitude boundaries
corner of each ground pixel.

relative_azimuth_angle | ° time x scanline x ground_pixel | Relative azimuth angle between
the solar azimuth and the view-
ing azimuth of the satellite
measured at the ground pixel
location

viewing_azimuth_angle| ° time x scanline x ground_pixel | Azimuth angle of the satellite
measured at the ground pixel
location

viewing_zenith_angle | ° time x scanline x ground_pixel | Zenith angle of the satellite
measured at the ground pixel
location

solar_zenith_angle © time x scanline x ground_pixel | Zenith angle of the sun at the
ground pixel location

solar_azimuth_angle © time x scanline x ground_pixel | Azimuth angle of the sun at the
ground pixel location

satellite_altitude 1 time x scanline Altitude of the satellite

satellite_orbit_phase 1 time x scanline Orbit phase of the satellite

satellite_latitude °N time x scanline Latitude of the satellite on the
reference ellipsoid

satellite_longitude °E time x scanline Longitude of the satellite on the

reference ellipsoid

13
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Table 3: List of variables in the SUPPORT_DATA/DETAILED_RESULTS group

Detailed Results

Names

Unit

Dimensions

Description

VRS _fit_factor_blue

1

time x scanline x ground_pixel

VRS fit factor from DOAS
fit in window 450 - 493 nm

VRS_fit_factor_shortblue

time x scanline x ground_pixel

VRS fit factor from DOAS
fit in window 405 - 450 nm

VRS _fit_factor_UV

time x scanline x ground_pixel

VRS fit factor from DOAS
fit in window 349.5 - 382.0
nm

VRS _fit_factor_error_blue

%

time x scanline x ground_pixel

VRS fit factor error from
DOAS fit in window 450 -
493 nm

VRS _fit_factor_error_shortblue

%

time x scanline x ground_pixel

VRS fit factor error from
DOAS fit in window 405 -
450 nm

VRS_fit_factor_error_UV

%

time x scanline x ground_pixel

VRS fit factor error from
DOAS fit in window 349.5
-382.0 nm

RMS _blue

time x scanline x ground_pixel

RMS fit residual from
DOAS fit in window 450 -
493 nm

RMS _shortblue

time x scanline x ground_pixel

RMS fit residual from
DOAS fit in window 405 -
450 nm

RMS_UV

time x scanline x ground_pixel

RMS fit residual from
DOAS fit in window 349.5
- 382.0 nm

14
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Table 4: List of variables in the SUPPORT_DATA/INPUT_DATA group

Input Data
Names Units | Dimensions Description
cloud_fraction_crb 1 time x scanline x ground_pixel | cloud fraction from NOs
_nitrogendioxide_window RPRO product
land_flag 1 time x scanline x ground_pixel | flag indicating
land /water-type of
ground pixel, such as
land, ocean, lake and
pond (0, 1, 2, 3)
snow_ice_flag 1 time x scanline x ground_pixel | flag indicating snow/ice

at center of ground pixel,
such as snow free land,
permanent ice, dry snow,
wet snow, mixed pixels
at coastlines, suspect ice
value, ocean (0, 101,
103, 104, 252, 253, 255)

3.3.1 Data product examples

Figure 2 shows as an example of orbit coverage, the K-blue [m'1] data from
the example file were plotted on a 5 minute grid where the land pixels and pixels
with cloud cover > 0.01 were removed.
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N |

0.010.03

0.10

0.30

Figure 2: Gridded plot (5 minutes) of Ky-blue data [m™!] within example file.
Only valid pixels of the example data set are shown, i.e., land pixels and cloud
covered pixels (cloud fraction > 0.01) were removed.
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