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1.Introduction

1.1 Purpose of the document

This Product Handbook aims at providing in a unique document, all the information
regarding the generation and the use of the Sentinel-2 Multi-Layer Global Reference
Image (GRI) in Level-1C format.

Please note that the GRI product and related documentation are full, free and open for
the international users.

1.2 Document structure

The Product Handbook contains the following chapters:

v" “Product Specifications” chapter that describes the detailed L1C multi-layer GRI
accuracy, multi-temporal registration, its coverage and residual cloud rate.

v “Product Format” chapter that describes the GRI structure and the naming
convention,

v" “Product Generation and Editing Process” chapter that describes how the Multi-
Layer L1C GRI has been built,

v “Product Quality Performance” chapter that provides a high-level quality
information of the GRI on the geolocation performance, strengths and weaknesses,

v' “User Guide” chapter that describes some use cases of the Multi-Layer L1C GRI,

v' “Distribution, License, and Copyrights” chapter that gives some information on the
distribution of the GRI (where to find it, license, and copyrights).

1.3 References

| Title Reference ‘

[S2-PSD] Sentinel-2 Products S2-PDGS-TAS-DI-PSD, Issue 14.9
Specification
Document

[VAL-ML-L1C-GRI] Sentinel-2 Multi-Layer = S2-MPC_VAL_ML_L1C_GRI, V1
L1C GRI Validation
Report

[PHB-ML-L1B-GRI] Sentinel-2 Multi-Layer = S2-MPC_PHP_ML_L1B_GRI, V1
L1B GRI Product
Handbook

[PHB-L1B-L1C-GCP- L1B & L1C GCP GRI S2-

GRI] Product Handbook MPC_PHB L1B L1C_GCP_GRI_V1

All the above documents are available on Sentinel Online website in the Sentinel 2
Document Library: https://sentinels.copernicus.eu/web/sentinel/user-
guides/sentinel-2-msi/document-library.
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1.4 Terminology

6/28

Datastrip Within a given Sentinel-2 Datatake, a portion of sensed image
downlinked during a pass to a given station is termed Datastrip. If
a particular orbit is acquired by more than one station, a Datatake
is composed of one or more Datastrips (for more details see [S2-
PSD])

Datatake Continuous acquisition of an image from one Sentinel-2 satellite in
a given MSI imaging mode (for more details see [S2-PSD])

Granule Minimum indivisible partition of a product (containing all possible
spectral bands). For Level-1C, a granule is a tile (see definition
hereafter)

MGRS Military Grid Reference System !: Tiling system on which the
Sentinel-2 tiling system is aligned with.

SAFE Standard Archive Format for Europe 2

Tile 110 km2 ortho-images in UTM/WGS84 projection. Earth is

subdivided on a predefined set of tiles, defined in UTM/WGS84
projection and using a 100 km step. However, each tile has a
surface of 110x110km?2 in order to provide large overlap with the
neighbouring (for more details see [S2-PSD])

1 https://en.wikipedia.org/wiki/Military_Grid_Reference_System
2 https://earth.esa.int/eogateway/activities/safe-the-standard-archive-format-for-europe
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2. Product Specification

The Multi-Layer L1C GRI has been derived from the Multi-Layer L1B GRI, which was
built to be used by the Sentinel-2 operational processor to improve the geometric
performance of Sentinel-2 products.

It shall thus have the same global coverage and geolocation performances as the Multi-
Layer L1B GRI 3.

Please refer to [PHB-ML-L1B-GRI] for more information on Multi-Layer L1B GRI.

In addition, the Multi-Layer L1C GRI shall:

v be compliant to the Complete Single Tile format, as described in the most recent
Processing Baseline and Products Specification Document ([S2-PSD]),

v" include a quality layer (per tile or datastrip),
v' be generated with the Copernicus DEM at 30m horizontal resolution,
v" be generated with the same processor as the one used for Sentinel-2 Collection-1.

3 https://s2gri.csgroup.space/#/GRI_L1B/collection.json
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3. Product Format

The Multi-layer L1C GRI is organized in a set of directories each one corresponding to
one MGRS tile.

The highest-level directory, or main folder, is named “GRI".
Each sub-folder corresponds to the MGRS tile name.

Each MGRS tile folder contains one or several folders: a folder for each Level-1C Tile
(with a single band (B04)).

3.1 High-Level Structure

Figure 1provides a high-level view of the Multi-Layer L1C GRI structure.

— Datastrip

— L1C Tile 1 —

- Granule

MGRS Tile 1

- L1C Tile z

MGRS Tile 2

‘ GRI_L1C }7

4{ MGRS Tile n ‘

Figure 1. Multi-Layer L1C GRI high-level physical structure

Each component of this structure is described in the next sections.

3.2 04Product Structure / Naming Convention

The MGRS tile directory format is described in 3.2.1.
The Product (i.e. L1C tile) directory format and content is described in 3.2.2.

3.2.1 MGRS Tile Directory

This directory is the unitary product, i.e. all L1C GRI tiles for a given MGRS tile.
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The naming convention of the MGRS tile directory follows the naming convention
defined hereafter:

T<MGRS tile ID>

where:
v" MGRS tile ID = MGRS code associated to each tile (for example 275XS)

An example of Multi-Layer L1C GRI per tile directory name is: T275XS

The MGRS Tile directories contain all the L1C GRI tiles existing for the MGRS tile. See
the format and content of each tile in the next section.

3.2.2L1C Tile Directory

The L1C tile directory is, as possible, compliant with the Compact Safe Format as
described in the [S2- PSD].

Indeed, as the L1C GRI tiles are converted based on the Multi-Layer L1B GRI, they
contain only what was already existing in the Multi-Layer L1B GRI. There is however
one exception: the masks not existing in the L1B GRI products have been recomputed
from the Sentinel 2 archive (see section 4.1).
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The structure of the L1C tile directory is as follows:

S2<satellite ID> OPER GRI MSILIC MPC <SAFE production date> R<orbit number> V<DS sensing start date> <DS sensing stop
date>.SAFE

— DATASTRIP

| F—— S2<satellite ID> OPER MSI L1C DS MPC <DS production date> S<DS sensing start date> N<production baseline>

| | L— S2<satellite ID> OPER MSI L1C DS MPC_<DS production date> S<DS sensing start date>.xml

L— GRANULE

L S2<satellite ID> OPER MSI L1C_TL MPC <tile date> A<absolute orbit> T<MGRS tile> N<production baseline>

— IMG DATA
| L so2<satellite ID> OPER MSI L1C TL MPC_<tile date> A<absolute orbit> T<MGRS tile> B04.7jp2
F— oI DATA

| S2<satellite ID> OPER MSK CLASSI MPC <tile date> A<absolute orbit> T<MGRS tile> B00 MSIL1C.jp2

| S2<satellite ID> OPER MSK DETFOO MPC <tile date> A<absolute orbit> T<MGRS tile> B04 MSIL1C.jp2

| S2<satellite ID> OPER MSK QUALIT MPC <tile date> A<absolute orbit> T<MGRS tile> B04 MSIL1C.jp2

| S2<satellite ID> OPER MSI L1C TL MPC <tile date> A<absolute orbit> T<MGRS tile> PVI.jp2

L— S2<satellite ID> OPER MTD L1C_TL MPC <tile date> A<absolute orbit> T<MGRS tile>.xml

[TTT

Where:

v <satellite ID>: A or B.

v' <SAFE production date>: Production date of the original L1B SAFE in the L1B GRI (format: yyyymmddThhmmss)
v" <DS production date>: Production date of the original L1B DS (format: yyyymmddThhmmss)

v' <orbit number>: Relative orbit number (format: NNN)

v <DS sensing start date>: Sensing start date of the original L1B DS (format: yyyymmddThhmmss)

v <DS sensing stop date>: Sensing stop date of the original L1B DS (format: yyyymmddThhmmss)

v' <production baseline>: Production baseline of the L1C Tile (format: NN.NN)

v <tile date>: Tile date (format: yyyymmddThhmmss)
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<absolute orbit>: Absolute orbit number (format: NNNNNN)

<MGRS tile>: MGRS tile ID (format: NNXXX)

<absolute orbit>: Absolute orbit of the original L1B DS (format: NNNNNN)

<tile production date>: Generation date of the current L1C tile (format: yyyymmddThhmmss).

AN N NN

The differences with the tiles in Compact Safe Format, as can be found for instance on the SciHub, are:

v" The DATASTRIP folder doesn’t contain the QI_DATA folder.

v" The GRANULE folder doesn’t contain the AUX_DATA folder.

v The GRANULE/IMG_DATA folder only contains the B04 band image and doesn’t contain any True Colour Image.
v

The GRANULE/QI_DATA folder only contains the CLASSI, DETFOO and QUALIT masks for band B04. See section 4.1 for details on
how these masks have been generated.
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Example:

S2A OPER GRI MSIL1B MPC 20160828T073212 R105 V20160405T052620 20160405T053250.SAFE
— DATASTRIP
| |— s2a OPER MSI L1C DS MPC 20160405T091740 S20160405T052620 N05.00
| | L— s2A OPER MTD L1C DS MPC_ 20160405T091740 S20160405T052620.xml
L — GRANULE
L s2a OPER MSI L1C TL MPC_ 20160405T091740 A004106 T45VWE N05.00
— 1MG DATA
| L— s2A OPER MSI LI1C TL MPC_20160405T091740 A004106 T45VWE BO4.jp2
— oI paTa
| }— s2a OPER MSK CLASSI MPC_ 20160405T091740 A004106 T45VWE BOO MSILIC.3jp2
| }— s2a OPER MSK DETFOO MPC__ 20160405T091740 A004106 T45VWE _B04 MSILIC.3jp2
| }— s2a OPER MSK QUALIT MPC__ 20160405T091740 A004106 T45VWE B04 MSILIC.3jp2
| L— s2A OPER PVI LI1C TL MPC_20160405T091740 A004106 TA45VWE.jp2
L— s2A OPER MTD L1C TL MPC_20160405T091740 A004106 TA5VWE.xml
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4.Product Generation and Editing Process

This section helps understanding how the Multi-Layer L1C GRI was built, and the
technical choices made during its consolidation.

4.1 Conversion of the Multi-Layer-L1B GRI in L1C Tiles

The Multi-Layer L1C GRI is a “simple” conversion of the Multi-Layer L1B GRI into L1C
Tiles. A “Converter” has thus been developed based on the Sentinel-2 operational
processor.

The main differences between S2 L1C tiles and Multi-Layer GRI L1C tiles are:
v" As only B04 exists in Multi-Layer L1B GRI products, the converted L1C only contains
B04 as well,

v The masks have some specificities due to the Multi-Layer L1B products’ content
and format. The following sections explain how the Multi-Layer L1C tiles’ masks
have been generated.

4.1.1 DETFOO Masks

The Detector Footprint masks of L1C Tiles are generated as in the operational S2
processor during the orthorectification step.

However, the global footprint of the datastrip, generated by a union of all the masks
for all detectors and all the bands in S2 Tiles, is here generated with only detectors of
band 04.

4.1.2 QUALIT Masks

The L1C QUALIT raster masks have been computed from the L1B simplified gml masks
available in the Multi-Layer L1B GRI products. These L1B gml masks have been
projected in L1C (in blue in Figure 2). Then a step has been added to rasterize those
masks and to merge them into a single raster file, the QUALIT masks.

cS !CN
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The QUALIT mask available in the L1C tiles is thus the blue mask of Figure 2 and not
the salmon one (that would be the perfect one but which is not available in the L1B
GRI):

B uicTile
7 L1B GML Masks Bounding Box

L1B GML Masks Points
L1C raster Masks

Figure 2: QUALIT Masks differences

4.1.3 CLASSI Masks

CLASSI masks are not available at L1B level.

A low-resolution Cloud mask is however available but due to the low resolution and
different issues encountered at the time of the generation of the Multi-Layer L1B GRI,
it cannot be trusted. They must thus be recomputed.

Furthermore, those masks require several bands to be recomputed. Hence the CLASSI
masks (needed because the GRI contains clouds and snow) have been recomputed
with external data (as not available in the Multi-Layer L1B GRI) i.e. using the Amazon
Web Services (AWS) Sentinel-2 Database. Indeed, the AWS database, containing
(almost) all Sentinel 2 generated products, was an alternative to get the data (all
bands and metadata) required to generate those masks.

Based on this method, CLASSI masks are generated for most of the output L1C tiles
with almost the same quality as nominal processing.

However, this raised some issues that ended in several possible outcomes in the Multi-
Layer L1C GRI tiles:
v for tiles at the along track border of datastrips:

% masks can be larger than the tile,

v when a tile is crossing two consecutive Multi-Layer L1B datastrips, the
generated mask can be wrong as the mask generation process could have
selected the wrong tile when generating the mask. This could arrive as the
selection of the tile is based on the data percentage that can, in some specific
cases, not return the right tile when both tiles (the one of first datastrip and

the one of second datastrip) have a similar data percentage. This case in
highlighted in the Figure 3.
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DS1

Same Tile generated twice

Tile XXX

D52

Figure 3: Tile crossing 2 DS with close fill percentages

v for a few tiles spread over the world, CLASSI mask is not generated (due to missing
data in Sentinel-2 historical database).

4.2 Validation of the L1C GRI

Once the Multi-Layer L1B and L1C GRI consistency was assessed, a final validation of
the Multi-Layer L1C GRI was performed based on a cross-validation with the GCPs of
the L1C GCP Database. Although both the L1C GCP and the L1C databases were
derived from the same L1B GRI Database, they were generated using distinct methods
by two different entities. A mean shift with respect to all the GCP available on the
considered tile is computed for all L1C tiles of the L1C GRI Database.

Please refer to the Validation Report ([VAL-ML-L1C-GRI]) for the outcomes of the
validation.
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5. Product Quality Performance

5.1 Geographic coverage

The Multi-Layer L1C worldwide geographic coverage is the same as for the Multi-Layer
L1B GRI as shown on Figure 4.

It also includes a long list of remote islands. (*remote” means too far from a continent
to be linked to it).

Here is the list of remote islands:

Iceland, New Zealand, Jan Mayen Island, Azores archipelago, Madeira, Canary
Islands, Cape Verde, La Réunion, Mauritius, Rodrigues Island, Seychelles,
Falkland islands, Galapagos, St Lawrence Island, Hawai, Kiribati (partial),
Caroline Island, Flint Island, French Polynesia (partial), Samoa, Niué, Neaifu,
Tonga, Chatham Island, Pitt Island, Fidji islands, Vanuatu Archipelagos, New
Caledonia, Solomon (partial), Svalbard (partial), Commander Island, South
Kurill Islands, French Marquesas (partial), Kerguelen, Aleutes (partial), St
Matthew island, Marianna Island (partial), Clipperton, Pohnpei island, Kosrae
Island, Crozet islands, Socorro island, Guam island, Easter Island, Admiralty
island, Wrangel island, Christmas island, Saint Helena, Tristan da Cuhna,
Inaccessible island, Prince Edward islands, Guadalupe.

g

Figure 4: Extent of the Multi-Layer L1C GRI

5.2 Coverage by orbit

The coverage of the Multi-Layer L1C GRI is the same as for the Multi-Layer L1B GRI.
Except the relative orbit 109, all the Sentinel-2 orbits are covered.
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However, with regards to the numerous constraints (climate, clouds, season, polar
night, etc...) and despite a very strong effort, some few areas could not be covered by
the Multi-Layer L1B GRI, hence the Multi-Layer L1C GRI. They are described in the
following sections.

5.2.10rbit R109

No tile exists for orbit R109.

Indeed, this orbit being completely located over the sea, except a short part passing
over Svalbard, and as no suitable image was found during the Multi-Layer L1B building,
no Multi-Layer L1C GRI product exists for orbit R109.

5.2.2Greenland & Northern Canada

The coverage of Greenland includes numerous orbits with very strong overlap. All the
orbits could not be completed but at least the geographic coverage is ensured. A very
careful selection work has been achieved while building the Multi-Layer L1B GRI in
order to get some data on the rocky parts of the shore. Only images acquired in July
and August were selected for that purpose. At other seasons, the landscape is
completely snowy; therefore, it is not possible to select images suited to the GRI.

Remark: Image radiometry over snowy areas is not suited to a correlation process
(e.g. a mask should be applied): searching for homologous points over snow or ice
shelf is highly risky due to the fact that the landscape observed is not enough
perennial.

There are also known missing parts over Nunavut and Yukon territories (Northern
Canada) for the same reasons as over Greenland.

5.3 Overlap

The overlap in the GRI varies according to the areas and depends on the way the Multi-
Layer L1B GRI was built. Indeed, an important overlap was planned at continental
block intersection, and in general, equatorial areas have also an important overlap so
as to reduce the final cloud rate. The mean number of overlap per tile is around 3.5.
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Figure 5: Overlaps in the Multi-Layer L1C GRI (color ramp from White (1
overlap) to Dark Blue (8 or more))

As there were overlapped products in the Multi-Layer L1B GRI, the Multi-Layer L1C
GRI, also contains many overlapped tiles, either coming from the same orbit or from
adjacent orbits mainly in polar regions.

5.4 Absolute geolocation performance of the GRI

The geolocation performance of the Multi-Layer L1C GRI is the same as the geolocation
of the Multi-Layer L1B GRI.

The statistical results (computed for the L1B GRI) below are expressed within tiles of
3 deg? x 3 deg?, so as to keep a sufficient density, in a sliding window of 1 deg.

Initial budgets showed that an accuracy of 9 m on the GRI is needed to reach the 12.5
m CE95 performance on the refined L1C products. Figure 6 highlights a global
performance of the GRI of about 7 m. This value is coherent with local CNES validation
based on Pleiades imagery. Please note that when less than 100 points per square
degree are available, the performance is not provided, considering that the value may
not be representative.
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Estimation of the accuracy of the GRI

Figure 6: Map of accuracy of the GRI

The Multi-layer L1C GRI and L1C GCP GRI were generated with two different software.

A very good consistency between GCP chips and L1C Tiles coming from the same L1B
GRI Datastrip give good confidence in the projection done for both L1C GRI, ensuring
that the absolute geolocation of the L1B GRI is well propagated to both L1C GRI. This
is summarized in Figure 7 (more detail available in [VAL-ML-L1C-GRI]). The results
indicate that the mean distance CE95 is 0.38 m, which is very good for 10m resolution
images. Please note that the red points in the graph correspond to tiles that have less
than 15 chips to correlate with, and therefore, their accuracy cannot be fully
guaranteed. As a result, there is strong confidence that the absolute geolocation of
L1B GRI is accurately propagated to L1C GRI, meaning about 7 m.
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Mean GCP gaps for WORLD tiles (58089 images)
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Figure 7: Scatter plot of shifts between L1C Tile and L1C GCP coming from
the same L1B datastrip

5.5 Relative coherence

As for the absolute geolocation, the relative consistency of the L1B GRI can be
propagated to both L1C GRI as the conversion is reliable (see §5.4). In section 5.5.1,
the relative coherence of the L1B GRI is reminded. However, in L1C GRI, items can
come from several orbits covering the same area, some results taking this into account
are provided in section 5.5.2. The relative coherence computed using the L1C GCP GRI
give confidence in the fact that the coherence of the Multi-Layer L1B GRI is not
degraded in the Multi-Layer L1C GRI and is around 4 m.
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5.5.1L1B GRI

5.5.1.1 General results

The analysis of the relative coherence (Figure 8) shows an excellent coherence
between the intersecting products.

Some poor results are observed and there are mostly due to the fact that there are
insufficient tie points within the intersections to compute a significant result (e.g. 3
points).

This analysis also highlights the fact that there may remain tie points to be filtered in
these areas. Eventually, the density of the equipment should also be increased locally.
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Figure 8: Relative coherence between intersections

5.5.1.2 Limits of the analysis

v" Only intersecting pairs with at least 1 tie point are presented. If no tie point is found
in an intersecting pair, there is no value but there are many chances that the pair
is not perfectly coherent (unless a third image is linked to the 2 first ones).

v" The given value is a mean value taking into account the whole intersection. Locally
there may be variations (e.g at borders, oscillations etc.). Other criteria such as
the reparation of the tie points within the intersection are not taken into account.

v Intersections with few tie points are not represented because the value is probably
not significant. Unfortunately, they have more chances to be less coherent.

v" Tie points are not the best points for checking, since they are used within the bundle
adjustment (spatiotriangulation). Thus, they are not independent.

Finally, the provided value should be interpreted as an indicator of coherence.

5.5.1.3 More interpretable information

The map in Figure 8 insists on the overall coherence of the GRI, but it does not point
out possible issues. Consequently, we show hereafter the most respectively the less
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coherent intersecting pair in a square degree, by plotting the best respectively the
worst indicator of every intersecting pair present in a square degree.

The interpretation is that if the most coherent pair has a bad indicator, the GRI is not
coherent in this area. If the less coherent pair has a good indicator, the GRI can be
considered as coherent in this area.

In the figures below, the analysis is limited to homologous points between pairs from
the same relative orbit.

Less coherent intersection within the same orbit

Figure 9: Indicators of relative coherence within the same relative orbit

5.5.2 Relative coherence using L1C GCP GRI

It has been showed in section 5.4 that a very good consistency (0.38 m) between L1C
tiles versus L1C GCPs is obtained. Another exercise was to compare the tiles with chips
of GCP that are not extracted from the same datastrip (not to introduce any bias). This
gives good results (3.94 m CE95) provided in Figure 10, however this is limited as
computed on only tiles with overlapping information.
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Mean GCP gaps for WORLD tiles (63647 images)
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Figure 10: Scatter plot of shifts between L1C Tile and other L1C GCP chips
over it (coming from other L1B datastrips)

Regarding the inner coherence, two maps could be showed to illustrate it two:

v" For each Tile with several overlaps, colour it depending on the minimal distance
computed (between an overlap Tile versus all the GCP that are not coming from the
same datastrip): Figure 11

v" For each Tile with several overlaps, colour it depending on the maximal distance
computed (between an overlap Tile versus all the GCP that are not coming from the
same datastrip): Figure 12

/E ;K"
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Figure 11. Minimal inner consistency of the ML L1C GRI versus L1C GCP GRI
(green<1im to red >4m)

Figure 12. Maximal inner consistency of the ML L1C GRI versus L1C GCP GRI
(green<1m to red >4m)

The interpretation is that if the most coherent (minimum) has a bad indicator, the GRI
is not coherent in this area. If the less coherent (maximum) has a good indicator, the
GRI can be considered as coherent in this area.

In figures above, the analysis is however limited as in §5.5.1 and as it is computed
with GCP coming from the same GRI (even if not from the same datastrip, so distance
between A and B is equal to distance between B and A).

24/28
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5.6 Known issues or supposed weaknesses

5.6.1Inherited from Multi-Layer L1B GRI

The Multi-Layer L1B GRI weaknesses also apply to Multi-Layer L1C GRI, i.e.:

v' Lack of data on some parts of the globe can occur because reference GCPs were
not available for the Multi-Layer L1B GRI building everywhere in the world.

v" As some detectors are missing in certain products of the Multi-Layer L1B GRI, the
corresponding L1C tiles generated from these L1B products will also miss those
particular detectors.

For more details about the known issues inherited from the Multi-Layer L1B GRI please
refer to [PHB-ML-L1B-GRI].

5.6.2Cloudy tiles

Since the Multi-Layer L1C tiles are converted based on the Multi-Layer L1B GRI
products, certain tiles are more or less cloudy. However, unlike the Multi-Layer L1B
GRI, the Multi-Layer L1C is providing cloud masks.

Please note that no filter has been applied to discard very cloudy tiles.

5.6.3Tiles entirely over the sea

The Multi-Layer L1B GRI also covers some water areas. Therefore, some tiles exist in
the Multi-Layer L1C GRI with no visible land.

Those tiles have not been filtered to avoid removing:
v' small, isolated islands that may not be in the land/water masks,
v' some oil platforms that are not traced in land/water masks but could be useful.

5.6.4 Mask issues

Here after some issues encountered as explained in section 4.1:

v some tiles (3146/85964 => 3.7%) miss their CLASSI mask due to the lack of input
data needed to compute it (see section 4.1.3),

v' some tiles could have a wrong CLASSI mask (for some of the L1C tiles straddling
two consecutive datastrips) (see section 4.1.1),

v" the QUALIT masks are not less accurate because they have been computed from
the Multi-Layer L1B GRI products simplified gml masks (see section 4.1.2).

— IGN
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6.User Guide

6.1 Recommendations of use

This Multi-Layer L1C GRI is extracted from the Multi-Layer L1B GRI.

As already pointed out, this L1B GRI has been generated for operational refining of

Sentinel-2 Datastrips, with, as main purpose, to improve the coregistration through

time. This Multi-Layer L1C GRI thus inherits some characteristics:

v"All the GRI shall be used in a statistic way: L1C Tiles can be composed of several
layers. Each layer cannot be considered as absolute reference with perfect
geolocation. One should favour the use of all the overlaps, to improve the quality
of the estimated correlation and the accuracy of the n measured spatial offsets.

v All the GRI has a single spectral band with single resolution: the resolution of the
GRI is 10 m with a central wavelength around 665nm. It is recommended to use
spectral length close to it. Regarding the resolution, the recommendation is to
resampled images if needed, from 5m to 50m. Resolution outside of this range
would not really benefit from the quality of the GRI.

6.2 Examples of use

6.2.1 Improvement of the absolute geolocation accuracy and
multi-temporal consistency of products

The Multi-Layer L1B GRI is currently used by the Sentinel-2 operational chain to mainly
improve the global multi-temporal consistency and in addition the absolute geolocation
accuracy. The idea is to refine products by fitting them to the GRI. However, the Multi-
Layer L1B GRI requires some Sentinel-2 detailed knowledge to be used.

This Multi-Layer L1C GRI and the L1C GCP GRI were derived from the Multi-Layer L1B
GRI to ease the use and to allow new users to refine their products. One may use the
Multi-Layer L1C GRI for its own refinement.

Please note that the Multi-Layer L1C GRI could be useful for users that would like to:
v redefine new GCP at lower resolution (> 50 m for example);

v" have more points in specific area than the one available in the L1C GCP GRI, with
a reminder that this GRI shall be used in a statistic way and not layer by layer of
tiles.

Details regarding L1C GCP GRI can be found in [PHB-L1B-L1C-GCP-GRI].

6.2.2 Estimation of the geometrical accuracy
The Multi-Layer L1C GRI with its accurate geometric performances may be used to

estimate the accuracy of Satellite Data. An example is illustrated in Figure 13 where a
shift is computed by correlation for all GCP under an S2 L1C Tile (B04 at 10 m).
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Figure 13: Scatter plot of shifts between an L1C Tile and all L1C GCP under it
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7.Distribution, License, and Copyrights

7.1 Distribution

7.1.1 Distribution website

The Multi-Layer L1C GRI can be found on Sentinel Online Website. The Multi-Layer L1C
GRI can be downloaded and publicly distributed to the international user community.

The Product Handbook and the Validation Report are also made available to the public
on the dedicated website.

7.1.2 Distribution format

The Multi-Layer L1C GRI can be downloaded per MGRS tile.

Each downloadable item consists in a .tar.gz file containing an UTM tile directory
including all the L1C tiles corresponding to this UTM tile (as defined in section 3).

7.2 License and copyrights

The Multi-Layer L1C GRI is distributed under Creative Commons Zero (CCO) license.

Under this license, users can copy, modify, distribute, and work with the Multi-Layer
L1C GRI, even for commercial purposes, all without asking permission.

You can find details about this license here:
v' Summary: https://creativecommons.org/publicdomain/zero/1.0/deed.en
v' Complete: https://creativecommons.org/publicdomain/zero/1.0/legalcode

End of Document
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