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1.0 15/02/2021 First version

11 14/06/2021 Updated version to account for the new LST uncertainties and thj
evolution of the snow masking

1.2 14/09/2022 Updated versin to account for removal of Pratbilistic cloud flag in
Level 1, and additional FAQs added

13 14/04/2023 Updated version to account for FRP V2

List of Changes
1.1 5.1.1; 6.2.1 | Snow masking evolution irSIL processing
5.1.1; 6.2.1 | LST uncertainties evolution
1.2 Changeof reference as the document is now maintained in the frame of the KdPT
contract. New reference is OMPC.ACR.HBK.002. For sake of traceability, issue en
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5.1.1; 7.3 | LST uncertainty example and quality of thecertainties
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8.2.1.6 FAQ item added on how to interpret pointing flags
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1 Introduction

This Copernicus SentiRglSLSTR Land User Handbook aims to provide a summary of key information
needed for users interested in SLSTR land products and their applications.

After providing a general introduction to the Copernicus programme, the role of the European Space
Agency and the scope of the Senti3einission, it gives detailed information about SLSTR products: the
algorithms, processing levels, and product contemtd gormat. A brief review of the data quality is also
given.Note that the focus of this manual are the Lefeland Surface Temperature and Fire Radiative
Power products, and therefore the sections run in reverse order, with {2dekcribed before Levél

Lastly, a Helpdesk section provides useful practical information, such as how to access and visualize the
products. This section includes a list of frequently asked questions (FAQ) and useful links and references
for more details about the SLSTR praguc
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2 SLSTR Land Quick Start

SLSTR is a dual view scanning radiometer, with 9 spectral bands (see &éjtitying on the Sentinel
3A and Sentine3B satellites.

SLSTR land products provide three types of measurement described in this document:

x  Level2 LSTLand surface temperature maps (Sectto®.)
x  Level2 FRP Fire radiative power products (Sectiér2.2
x  Levell RBT Top of atmosphere radiance (mW#far/nm) or brightness terperature (K) maps
(Section0)
Products are suppliedinNetGRF T2 NXY I & AY o YAy d#).S WINI ydz SEQ 064&°¢
These products can be downloaded from th&SA Copernicus Open Access bHu

(https://scihub.copernicus.e) either searching by observation time, or by area of the globe (see Section
8.1.1). The global revisit time at the equatorléss than oneday when combining both satellitegsee
Section3.3).

search
window

Display 1 to 150 of 484 products.
A Advanced Search Order By: Ingestion Date 4
Request Done: ( beginPosition:[2020-11-11T00:00:00.000Z TO
2020-11-11T23:59:59.999Z] AND endPosition:
[2020-11-11T00:00:00.000Z TO 2020-11-11T723:59:59.999Z] ) AND (

ENESEN s34 SL_1_RBT___202011117202457_20201111720...&

Product Love

mm

Download URL:
Mission: Sentinel-3 Instrument: SLSTR Sensing Date: 20:

selected

P Download URL: https //scihub.copernicus.eu/dhus 3 minute
. Mission: Sentinel-3 Instrument: SLSTR Sensiyff Date: 2020-1
& granule pekTetan Kokand
1120.0 . , Tajikistan

== download

Download URL

Mission: Sentir se IectEd

Mingora

lataiv1/Pre o Rawalfndi

te: 2020-1

! EESRsn s pl’OdUCt 1720..0
150 B page:| 1 |of4> >> h
g~ —— "o
DN \ e 0 de

Once products a

X
X

x  Standard
x  Scripting

re downloaded, they can be read, displayed and analysed using:

TheESA SNAP toolbdsee Sectios.1.2)

Other generic NetCDF tools, e.g. tHASA Panoply tool

Unix commandcdump(ncdump-h to view the header only)

languages, e.g. using yhon netCDF4 library
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Land surface temperature products

X

TheSL_2 LSproduct contains LST from the SLSTR instrument at a spatial resolution of 1 km
calculated using a sphvindow approachSections.1.13).

Validation (Sectiof7.3) provides evidence the product meets the mission requirements of being
accurate to 1 K.

LST data is only acquired for land (including permanent ice over land) and inland water. No LST
data is available over open ocean pixels. The data have been qualityedheitk regards to

input Levell data, with only valid data processedll invalid data are identified with an
exception flag.

With respect to utilisatiorof LST of best quality it is recommended to apply the probabilistic
cloud mask ‘gingle_moderat&bit in the Bayes variable of the Flags datafile); this incorporates
our best current knowledge of cloud contamination for SLSTR over land, ice and inland water
pixels.

Fire radiative power product

TheSL_2 FRproductcontairstwo categories of datéSetion 6.2.2:

X

A LIST dataset providing information only for the granule pixels believed to contain actively
burning fires. The LIST dataset contairsedes of parameters for each of these active fire (AF)
pixels, including their location, fire radiative power (FRP in MW) and FRP uncertainty (MW). Each
parameter in the LIST dataset is stored as a 1D array of data, representing the value of that
parametr for each of the detected AF pixels

A SUMMARY FLAG dataset providing information on every pixel in the granule, related primarily
to the output of the active fire detection tests. These SUMMARY FLAG data are stored as a 2D
array bit mask, and are typilbp significantly larger than the LIST dataset since they provide
information everywhere in the granule and not just as the locations of detected AF.pixels

Many users will only require the information contained in the LIST dataset. However, those whtmwant
understand why pixels were not identified as beingAmight want to inspect the SUMMARY FLAG
dataset. For example, to identify which pixels were classed as cloudy and which as cloud free (since AF
pixels can only be identified in pixels that werd ntasked as cloug.

Levell radiance and brightness temperature products

The SL_1_RBTProducts contain top of atmosphere brightness temperatures (thermal infrared) and
radiances (visible and shortwave infrared):

X

Brightness temperature¢BTs)are mapped to a 1 krgrid (thermal infrared)and radiances to a
500 mgrid (visible and shortwavenfrared) using a nearest neighbour algorithm (Sec@pn

BTs are accurate to within 0.1 K over the range 240 K to 320 K (Sédtin

The geometric accuracy is within 50 m in nadir view alang acrosdrack and in oblique view
acrosstrack, and within 200 m in oblique view alotrgck (Sectiory.2).
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3 General information

3.1 The Copernicus Programme

Copernicus has been specifically desigrindresponse touser requirements for environmental
monitoring. Based on satellite and-situ observations, the Copernicus services deliver sreaktime

data on a global level which can also be used for local and regional needs, to help us better understand
our planet and sustainably manage the environment we live in.

Copernicus is served by at sd# dedicated satellites (th&entine$) and contributing missions (existing
commercial and public satellites). TBentinelsatellites are specifically designed to meet the needs of
the Copernicus services and their users. Since the launSbrainetlAin 2014, the European Union set
in motion a process to place a constellation of almost 20 more satellites in orbit before 2030.

Copernicus also collects information fromsiitu systems such as ground stations, which deliver data
acquired by a multitude fosensors on the ground, at sea or in the air.

There are six Copernicus services whose aim is to transform the satellite -aitd @ata into value

added information by processing and analysing the data. These services are: atmosphere, marine, land,

climae change, security, emergency. The information provided by the Copernicus services can be used

by end users for a wide range of applications in a variety of areas. The main users of Copernicus services
are policymakers and public authorities who need thi®@rmation to develop environmental legislation

and policies or to take critical decisions in the event of an emergency, such as a natural disaster or a

humanitarian crisis.

The Copernicus programme is coordinated and managed by Bbepean CommissionThe
development of the observation infrastructure is performed under the aegis of the European Space
Agency for the space component and of the European Environment Agency and the Mstatesr for

the in-situ component.

3.2 The European Space Agency

The European Space Agen@&SBA is dedicated to the peaceful exploration and use of space for the
benefit of everyone. Estabhed in 1975, ESA is an international organisation with 22 Member States
and, for more than 40 years, has promoted European scientific and industrial interests in space. By
coordinating the financial and intellectual resources of its members, it can talgeprogrammes and
activities far beyond the scope of any single European country.

ESA's programmes are designed to find out more about Earth, its immediate space environment, our
Solar System and the Universe, as well as to develop satsdiged techntogies and services, and to
promote European industries. ESA also works closely with space organisations outside Europe.
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ESA's purpose shall be to provide for, and to promote, for exclusively peaceful purposes, cooperation
among European States in spacsaarch and technology and their space applications, with a view to
their being used for scientific purposes and for operational space applications systems:

x by elaborating and implementing a lotgrm European space policy, by recommending space
objectivesto the Member States, and by concerting the policies of the Member States with
respect to other national and international organisations and institutions;

x by elaborating and implementing activities and programmes in the space field;

x by coordinating the European space programme and national programmes, and by integrating
the latter progressively and as completely as possible into the European space programme, in
particular as regards the development of applications satellites;

x by elabagating and implementing the industrial policy appropriate to its programme and by
recommending a coherent industrial policy to the Member States.

The ESA Member States are: Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greex; Hungary, Ireland, Italy, Luxembourg, the Netherlands, Norway, Poland, Portugal,
Romania, Spain, Sweden, Switzerland and the United Kingdom. Slovenia and Latvia are Associate
Members. Canada takes part in some projects under a cooperation agreemerati8uliyoatia, Cyprus,

Malta, Lithuania and Slovakia have cooperation agreements with ESA.

¢KS 06dzRISG 2F 9{! F2NJ HAMp A& epdPTH OAfftAZYyD 9
invests in each Member State, through industrial contractssfmace programmes, an amount more or
fSaa SldAglrtSyid G2 SIFOK O2dzyiNEQa O2y{iNROGdziAZ2Yy ®

ESA is developing a new family of missions c&@kttines specifically for the operational needs of the
Copernicus programme. Ea8entinelmission is based on a constdion of (at least) two satellites to

fulfil revisit and coverage requirements, providing robust datasets for Copernicus Services. These
missions carry a range of technologies, such as radar and-speltiral imaging instruments for land,
ocean and atmgsheric monitoring.

Looking to the future, six higpriority candidate missions are being studied to address EU policy and
gaps in Copernicus user needs, and to expand the current capabilities of the Copernicus space
component: CHIME Copernicuddyperspectral Imaging Mission, CIIRopernicus Imaging Microwave
Radiometer, CO2M Copernicus Anthropogenic Carbon Dioxide Monitoring, CRISTApernicus Polar

Ice and Snow Topography Altimeter, LS ®opernicus Land Surface Temperature Monitorir@SH._¢

L-band Synthetic Aperture Radar.
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3.3 The Sentinel3 mission

The Sentinel3 mission is jointly operated by ESA and EUMETSAT to deliver operational ocean and land
observation services. The main objective of 8entinel3 mission is to measure searface topography,

sea and land surface temperature, and ocean and land surface colour with high accuracy and reliability
to support ocean forecasting systems, environmental monitoring and climate monitoring. The mission
definition was driven by the need f@ontinuity in provision of ERS, ENVISAT and SPOT vegetation data,
with improvements in instrument performance and coverage.

Sentinet3A was launched on 16 February 2016 &edtinel3B was launched on 25 April 2018.

The spacecraft carries four main ingtments:

x  OLCI: Ocean and Land Colour Instrument

Microwave Ocean and

x  SLSTR: Sea and Land Surface Tempere Bodlometer e oo

Instrument

Instrument Sea and Land

Surface

Temperature

x  SRAL: SAR Radar Altimeter Radiometer

x  MWR: Microwave Radiometer

X-band

x  These are complemented by three instrumen 3' N
for Precise Orbit Determination (POD): - ' é e
% DORIS: a Doppler OrbRadio positioning s = GAR iades
system

% GNSS: a GPS receiver, providing precise ¢
determination and tracking multiple satellites simultaneously

% LRR: to accurately locate the satellite in orbit using a Laser-Reftector system.

TheSentinel3 orbit is similar tdhe orbit of Envisat allowing continuation of the ERS/Envisat time series.
It uses a high inclination orbit (98.65°) for optimal coverage of ice and snow parameters in high latitudes.

TheSentinel3 orbit is a neapolar, suasynchronous orbit with a desading hode equatorial crossing at
10:00 h Mean Local Solar time. In a-synchronous orbit, the surface is always illuminated at the same
sun angle. The orbit reference altitude is 814.5 km.

The orbital cycle is 27 days (14+7/27 orbits per day, 3859gat cycle). The orbit cycle is the time
taken for the satellite to pass over the same geographical point on the ground.

The two inorbit Sentinel3 satellites enable a short revisit time of less than two days for OLCI and less
than one day for SLSTREt$ Sljdzr 62N o aSR 2y (KS AyadNdzySydaQ

Sentinei3B's orbit is identical t&entinel3A's orbit but flies +140° out of phase witlsentinel3A.
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4 SLSTRcquisitions

4.1 SLSThhstrument specifics

SLSTR is a scanning radiometer that is designed to provide accurate measurements of surface
temperatures.The key features of SLSTR are:

X

Thermal infrared (TIR) spectral bands at 3.74 pm, 10.8 um and 12 pm with detectors that are
cooled to 87K

Channels infhe Visible (VIS) to Short Wave InfraRed (SWIR) range for improved daytime cloud
detection

A dual view that allows the same terrestrial scene to be viewed through two atmospheric paths:
a near nadir view, and an oblique view at 55° zenith angle.

Two conichscanners to provide a 1400 km wide nadir view and 750 km oblique view.

Two blackbody sources, that are viewed by the scanners every scan cycle, provide continuous
calibration of the infrared channels.

A diffuser based VISible CALibration system (V)SQAtalibrating the solar reflectance bands.

The spectral bands and their applications are listedlaiblel. A more detailed description of the SLSTR
design and theredicted performance is described@oppo et al(2010)

Tablel: SLSTR Spectral Bands.

Band [Central  Bandwidth | Spatial Resoluton
Wavelength at Nadir

S1 noppp| ndnH~AN 0.5 km Chlorophyll, dualiew AOD over land

S2 nocpd| nd®nH~AN 0.5 km Vegetation Index, dualiew AOD over land, masking ¢
sunglint and clouds for daytime active fire detection

S3 neéytn| ndnH~N 0.5 km Vegetation Index, duatiew AOD over land

S4 MPoTp| Nndamp 0.5 km ThinCirrus Cloud Detection

S5 Mm®dcwmn| ndnancn 0.5 km Clouds, Active Fire (at night as alternative to S6),

Ice/cloud discrimination
S6 H®PHHpPp| ndnpn 0.5 km Clouds, Active Fire (at night)
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Central Bandwidth
Wavelength

Spatial Resolution
at Nadir

S7 odtrnn| ndoyn 1.0 km Nighttime dualview SSTActive Fire
S8 Mandyps nddnn 1.0 km Dualview SST/LST, Active Fire
S9 MHDPA A Mmdnnan 1.0 km Duablview SST/LST

F1 odtnn| ndoyn 1.0 km Active Fire

F2 MHDA N ndcdnn 1.0 km Active Fire (not currently used)

4.2 Land measurement principles

Oblique view
T #
L8

;?" f

Figurel: Example SLSTR image showing the nadir and oblique views.

4.2.1 Land Surface Temperature

The Land Surface Temperature (LST) is a measure of how hot or cidrthegbf the Earth would feel
to the touch. It is the mean radiative temperature of all objects comprising the surface, as measured by

groundo A SR X

FAND2NYySZ

I Y R

ALJ OSo62NyS NBY2GS aSyaa

surface (e.g. soil, vegetation, water, snow) vary fromtiocato location. For each constituent, the LST is
related to the points of maximum emission of electromagnetic radiatiexamples are barsoil and
thick forest canopyvhich representlear casesf this.
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For bare soil and water, the skin depth is theortant factor. The skin is defined as a layer of thickness
equal to the penetration depth of the electromagnetic radiation and varies with the wavelength of the
radiation and the nature of the material. The skin depth for a material is different at aiffer
wavelengths and also varies with surface conditions (such as degree of soil wetness, roughness) and
view angle. At infraredIR)wavelengths the soil skin depth is a few microns. For a dense forest with a
closed canopy the skin temperature will be thaft the forest canopy and is close to that of the air
temperature at the top of the canopy. For more open vegetation the skin temperature will be an
aggregation of all surface types within the field of view: soil and/or bare rock, vegetation and, iftpresen
water or snow.

¢CKS [{¢ RSGSNNAYySA GKS Y2dzyd 2F SySNHe& SYAUUGSR
AY RSGSNXYAYAY3 KSIG FYR 6F0GSN) FtdzESa FNRBRY (KS 9
thermal infraredsatellite imageryver land have increased so have the demands for these data to be of
good quality. The SLSTR instrument observes with a spatial resolution of 1 km at nadir. These
observations have high radiometric accuracy and are very well calibrated allowing foruailily 44 ST

data to be derived from ther{Section?).

SLSTR data are used to generate a kZveloduct EL 2 FRP) related to biomass burning, and
specifically to the location, timing and strength (in terms of fire radiative power output) of actively
burning fires that were alight at the time of the satellite overpass. Background information on this type
2F WINBIALINZ RIA20G Q YR RSGFAf 2y GKS {[{¢w LINRBRdzOU
and Xu et al.2020).

The requirement for satellite active fire (AF) products is driven by the fact that biomass burning is a key
process shaping the Earth syst, affecting the terrestrial biosphere and atmosphere through the
O2Yo06dzaGA2Y 2F @S3ASGlFGA2Yy FTYyR 2NHIFIYAO az2iafa oWT
constituents into the troposphere in the form of smokeiqure2a). Whilst landscape fires are a natural

part of many ecosystems, human activity can greatly change fire regimes and can, for example,
contribute to increasing atmospheric €@oncentrations throgh deforestation, tropical peatland
burning, and via areas seeing an increase in their fire return interval. In this and other ways, landscape
fires impact radiative forcing, and in addition to £&ls0 release the strong greenhouse gas methane
(Nguyen &WVooster, 2020) They are furthermore a major source of aerosols, CO and oxides of nitrogen
to the atmosphere, with the ability to greatly affect air quality at distances even far away from the fires
themselves. Satellite remote sensing is the only way rovide globally consistent information on
landscape fire activity, and estimates of the magnitude of landscape fires and fire emissions are required
for realistic modelling of a number of Earth system processes, including the global carbon cycle and
climate, and also for air quality early warning and many landscape and fire management purposes.


https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-3-slstr/level-2/fire-radiative-power-frp
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Figure2: Example of a large wildfire burning in Australia as observed in the SLSTR-Lalath from the near

nadir view at 23:08 UTC on 3 Jan 2020. (a) False colour composite composed of data from the S3, S2 and S1
channels where smoke plumes from the fires can d$een, and (b) F1 channel data where pixels containing
actively burning fires appear bright due to their elevated brightness temperatures.

When biomass is burned it releases an approximately fixed amount of thermal energy per kg consumed,
some of which isreleased as (primarily infrared) electromagnetic radiation. Remotely sensed
measurements of this electromagnetic radiatiersuch as those provided by SLST¢an be used to
identify the presence of an actively burning fire within a pixel, even thougliithéself may cover less

than 1% of the pixel area (see explanation for this sensitivity in Wooster ,e2043). The middle
infrared (MIR)bands of SLSTR are the most sensitive to the presence of actively burning fires, and the
bright pixels ofigure2b shows where fires are burning at the time the image was taken, data that forms
the basis of the active fire detection process.

Estimates of the rate of thermal engrgemission from detected active fire pixelshe so called Fire
Radiative Power (FRPgan then provide information useful for estimating the rate of fuel consumption

and the rate of emission to the atmosphere of carbon and the various chemical compptastnt

within smoke (seéNguyen & Wooster, 2090Becaus®f this importance, Fire Disturbance (including AF
detection and FRP assessment) has been identified as an Essential Climate Variable (ECV) by the Global
Climate Observin®ystem $essa, 2008 ard the Sentinel3 FRP product has been explicitly designed to
provide this information.

Landscape fire activity is present in most vegetated environments, and global data obtained via satellite
Earth Observation is required for its quantification. SLS®®das information on landscape fire activity

in the morning and evening, at overpass times similar (but not identical to) those of the MODIS
instrument that has operated onboard the Terra satellite since 2000. An example of global SLSTR active
fire detecions (AF pixel counts) made by S3B during January 2019 is shBigareB. Landscape fire is

a highly dynamic phenomena, with the ability to change considerably éwenhour to the next and

which typically shows a very strong diurnal variability. Fire activity generally peaks in the early afternoon
in most regions of the planet, with a minimum at night (Giglio, 2007; Roberts et al., 2009).
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Sentinel-3B SLSTR Night Time Fire Pixel Count
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Figure3: Global map of night time active fire pixel counts present in the SentBBISLSTR Lex&@FRP products

from January 2019. Active fire counts are presented as the monthly total detected in 1 degree grid cells. Fire
activity is seasonal, so for example far more AF counts would be expected in e.g. Southern hemisphere Africa in
later months of 2019.

The data contained within the SentiRglFRP product is similar in nature to that provided by MODIS
Terra and is collected at a sinmikime of day- so ultimately it will take over from this source to continue

to produce a globally consistent record. At present the SenBnERP product delivers information
primarily from the satellites nigkitime (ascending node) passes (S3 satedlijaatorial crossing time of

22:00 hrs), with daytime data from the 10:00 hrs equatorial crossing time only produced in areas where
the SLSTR S7 channel remains unsaturated over the ambient land surface (the S7 channel saturates
above a signal of around 3XK)). A full daytime version of the FRP product algorithm and the resulting

full daytime version of the FRP product will be developed in the coming period. In terms of the night
time AF detections, early evidence indicates that when the E2®ILSTR FRP¢uct and MODIS Terra

AF products are produced for the same area near simultaneously, the SLSTR product tends to detect
more active fire pixels (see Secti@®). However, the FRP total from the neamultaneously observed

regions appear to be very similar for SLSTR and MODIS Terra since the additional AF pixels detected by
SLSTR tend mostly to be associated with low FRP fires.

4.3 Calibration and Validaon

SLSTR is designed to be-salibrated via two ofboard cavity blackody (BB) sources. One BB is heated

G2 donw Y o0& FLIWX @AYy | O2yadlyid LR66SNI G2 (GKS (
instrument tempeature (nominally 25@70 K). The two blackbodies are positioned ahead of the
complete SLSTR optical chain, and are viewed every 0.6 s scan cycle. The conical scan geometry ensures
that the signals from the BBs enter the SLSTR optics at the same low amngtedence as the Earth

scene so no corrections for view angle or polarisation are necessary. Also, because the calibration
sources are viewed every scan, no special calibration modes are needed ensuring continuous acquisition
of Earth scene data.
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The radances of the blackodies are derived via the Planck radiation law from their physical
temperatures which are measured by precision platinum resistance thermometers (PRTs). These were
calibrated insitu before launch against Standard PRTs to provide dfEliy to the International
TemperatureScale of 1990.

Before launch, the instruments underwent a thorough calibration campaign under flight representative
thermal vacuum conditions to verify the efto-end calibration(Smith et al.2020)

The visible/SWIR channels are calibrated via twdoard reference sources. A diffuser based VISible
CALibrationsource (VISCAL) is illuminated once per orbit by the Sun to provide an upper calibration
reference sourc€Coppo et al.2010) The dark signal (offset) is measured continuously during the orbit
using one of the o#board BB sources.
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5 SLSTRIgorithms andProcessingevels

SLSTR data are measured in the instrument geometry relative to the scanning mirror position, detector
readouts and motion of the satellité 4 KS WA y & (i NH®SE yain aré Nbc¥sSed to useable
images and products by the operatiomabcessor over three stages (in reverse order):

x  Level2: This stage applies a retrieval algorithm to process ltheell data and deliver final
geophysical products, such as land surface temperatures and information on actively burning
fires. At this stag, the processor is divided into\Bandbranch under the responsibility of ESA
(land surface temperature, fire radiative power), and WlarineQ branch (sea surface
temperature) under the responsibility of EUMETSAT.

x  Levell: This stage of the processingoduces gedocated radiometric measurements for each
SLSTR channellvielwis common to Land and Marine branches.

x  Level0: This stage of the processing formats the stream of instrument source packets into raw
data productg; these are for internal use dynand are not disseminated to users.

5.1 Level2

The SentineB processing chain delivers LST and its associated uncertainty as cor2 bpeehtional
product. It further provides auxiliary information that has been used for theré®i€val, such as land

cover type, fractional vegetation cover, total column water vapour, normalized difference vegetation
index (NDVI), and quality control flags. The purpose of making these data available is to give the user
maximum flexibility in sekting data for their application.

The SentineB Level2 SLSTR LST algorit{seethe LST ATBuses a nadionly splitwindow approach
(Ghent et al., 2017)Splitwindow algorithms correct for atmospheric effects using the differential
absorption in two (or more) IR bands within the santem@spheric window (band of relatively high
atmospheric transmittance). In the case of SentiB¢he algorithm uses the S8 and S9 channels for the
nadir view.

The LST is estimated as a combination of calculated coefficients and observed brightness teegperat
(BT). The coefficients are derived by regressing BTs, simulated with a radiative transfer model for a
realistic range of atmospheric conditions, against the model input skin temperatures. The classes of
coefficients applied to the algorithm are depesrtt on the biome, fractional vegetation cover and water
vapour for each combination of biorgiurnal (day/night) condition. The fractional vegetation cover and
water vapour are seasonally dependent whereas the biome is invariant. Land surface emisSijitis (L
implicitly handled within the fractional vegetation dependent retrieval coefficients.

The biome auxiliary data is a variant of the Globcover classificéfiono et al., 2007)re-gridded to

1/120°. To capture the emissivity variability for bard segions the original Globcover bare soil class has
been divided into six separate classes, taking the total number of land and inland water classes to 27.
Table2 describes the 27 biome classes. Fractional vegetation cover is based on the Copernicus Global
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Land Service FCOVER dataset, which is available globally at the desireckmesgsblution of 1/112°
(Baret et al., 2013)Water vapour is deriveffom the European Centre for MediuRange Weather
Forecasts (ECMWF) ERerim reanalysigdDee et al., 2011)Eachauxiliary data file ADF is derived
from 6-hourly monthly climatology corresponding to the 4 synoptic tim@)UTC, 06UTC, 12UTC and
18UTC. Snow masking is derived, in the Northern hemisphere, from daily maps crdatethe
Interactive Multisensor Snow and Ice Mapping System XIMSSouthern hemispheresnow masking is
based on thglstomina and all, 2010] and [Eastwood and Andersen, 280@loaches

Table2: Description of the 27 land and inland water biomes used in the LST retrieval. The Open ocean biome
relates to any pixel not processed for LST.

Numeric GlobCover legend
Code

0 Open ocean Open ocean
11 Irrigated cropland Post flooding or irrigated croplands
20 Rainfed cropland Rainfed croplands
. 0 . ,
30 Mosaic vegetation Mosaic cropland (5F0%)/vegetation (grassland, shrubland, forest|

(20-50%)

Broadleaved evergreen Closed to open (<15%) broadleave evergreen and/or-slmiduous

40 forest forest (>5m)

50 Cloged broadleaved Closed (>40%) broadleaved deciduous forest (>5 m)
deciduous forest

Open broadleaved

0 .
60 deciduous forest Open(15-40%) broadleaved deciduous forest (>5 m)
70 filroessfd needleleaved Closed>40%) needleleaved evergreen forest (<5 m)
90 Open needleaved fores Open (1540%) needleleaved deciduous or evergreen forest (<5 n

Closed to open (>15%) mixed leave broadleaved and needleleav:

100 | Mixed forest forest (<5 m)

110 Mosaic forest Mosaic forest/shrubland (5030%) / Grassland (280%)

120 Mosaic grasslands Mosaic grassland (500%) / Forest / Shrubland (ZD%)

130 Shrubland Closed tamopen (>15%) shrubland (<5m)

140 Grassland Closed to open (>15%) grassland

150 Sparse vegetation Sparse (>15%) vegetation (woody vegetation, shrubs, grassland)
160 Freshwater flooded Closed (>40%) broadleaved forest regularly floodiedshwater

forest

Closed (>40%) broadleaved setaiciduous and /or evergreen fores;

170 Saltwater flooded fores .
regularly flooded saline water

Closed to open (>15%) vegetation (grassland, shrubland woody

180 Flooded vegetation vegetation) on regularly flooded eovaterlogged soi fresh, brackish
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or saline water
190 Artificial surface Artificial surfaces and associated areas (urban areas > 50%)
200 Bare area Bare areas
210 Water Inland water bodies and coastal water
220 Snow and ice Permanent snow and ice
230 No data No data (burnt areas, clouds...)

The LST observations have an associated uncertainty estimate, since effects such as atmospheric
attenuation and variability of surface emissivities are not known to suffcient accuracy; and the
appropriate estination of these uncertainties a necessary accompanying information in the product. The
SLSTR LST uncertainty model follows an established methodology in the LST community whereby for
each pixel different components of uncertainty are provided, representieguncertainty from effects

whose errors have distinct correlation properties: random (no correlation of error component between
OSttavT t20lffte aeaidSYFGiAO 0602NNBf I (i-acalg/syskematicS NNE N
(correlationof eN2 NJ O2 YLR Yy Sy (i 0 S (i SirSSalf effteR kan bel trgafie@indeperitiéntlyi 0 @
the total uncertainty per pixel is acquired by adding all the components in quadratines.different
components are visualized Figure4.

Figure 4. Example of the pepixel LST uncertainty model components: total uncertainty (#aft); random
uncertainty (top-centre); calibrationuncertainty (top-right); locally correlated atmosphere uncertainty (bottom
left); locally correlated surface uncertainty (bottoroentre); and locally correlated geolocation uncertainty
(bottom-right).
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The processing chain thdtlivers the SentineB SLSTR LexIFRP product is based on (i) the detection

of SLSTR pixels in the near nadir view believed to contain actively burning fires, and (ii)-pineslper
retrieval of FRP at each of these confirmed AF pikédsire3 showed an example of the AF pixel counts
detected in January 2019 from Sentit3®, gridded at 1 degree globally. Data from the SLSTR oblique
view are unused for the FRP prad generation, since this offers a narrower swath and a coarser pixel
size compared to the near nadir view. Specifically to support the generation of these AF products, the
SLSTR instrument possesses adaim channel in the middle infrared spectral @githat is able to
measure brightness temperatures in excess of 450 K (the F1 ch@ahkdl).

To generate the SLSTR FRP product, pixels in the near nadir viewtarasked for cloud cover using a

set of simple thresholding tests developed specifically for the active fire application (Wooster et al.,
2012; Xu et al.2020). AF pixels cannot be detected through thick meteorological cloud, and indeed
clouds can in so® OANDdzvyaidl yoSa o6S (KS Ol dzo%loud masking ist & S
important. However, the cloud mask from the Lexeproduct file is not used to generate the Lefel

FRP product since it has been optimised for other {fi@) applicatiors, leading to it possibly masking

out slightly cloudcontamined areas where AF detection might still be possible. The other key mask
applied in the FRP product algorithm is a sunlgint mask, again to avoid (daytime) false alarms. Whilst
vegetation fires ca only burn on land, masking of all oceanic areas is not conducted because the
detection of offshore gas flares is also of interest.

All nonmasked pixels in the granule are then tested to see if they seem likely to contain actively burning
fires at the tme they were observed. This testing is conducted using a contextual AF detection
algorithm, based on the kinds of principles applied when generating the MODIS AF products (Giglio et
al., 2003). The SLSTR AF detection and FRP retrieval algorithm waseteypeiopto the SentineBA

launch by Wooster et al. (2012), and substantially modified and optimisedigasth by Xu et al.
(2020).The contextual approach attempts to identify AF pixels via their radiometric contrast with their
non-fire neighbours, with the aim of successfully detecting pixels that contain even low FRP fires whilst
avoiding false alarms from such phenomena as cloud edges and, by day, sunglint. Observations in the
middle infrared spectral region are key to this abilitydaiie SLSTR observations in the S7 and F1
channels figure5), along with the contextual AF detection algorithm and information from various
other spectral channels amxtremdy sensitive to the presence of fire. SLSTR pixels containing areas of
combustion covering down to only around 1o 10* of a pixel area can typically be successfully
identified, and once identified the FRP of each confirmed AF pixel is thdevesirusing the MIR
radiance method of Wooster et gR003, 2005)The full algorithm used to generate the S3 FRP Products

is detailed inthe FRP ATBLand also in the préaunch algorithm definition detailed in Wooster et al.
(2012) and its significant pektunch update Xu et al. (2020).

1Thesefalse alarms are due to the fact that clouds have a highMRRdifference, like fires. If there is a small fraction of cloud
within a land pixel, it can sometimes be mdassified as a fire, especially at cloud edges where the temperature is higimer th
the middle of a normal cold cloud
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Figure5: Example of a large wildfire observed with LeveISLSTR data from (a) the S7 channel, and (b) the F1
channel. Whilst the same fires are identified in both S7 and F1, the number of AF pixels in a fire cluster and the
shape of the cluster are slightly different between S7 and F1 due to the different pixel footprint characteristics of
the two channels. Also @ is the low brightness temperature anomaly (dark pixels) which affect F1 channel
data downscan of high brightness temperature pixels.

Each Leve? FRP product file contains information on the locations of the AF pixels burning at the time
of the Sentinel3 overpass, along with pixdvel information on their spectral signatures, FRP and FRP
uncertainty (Sectior6.2.2. Once the set of confirmed AF pixel detections are made, an atmospheric
transmittance correction is applied to their retrieved FRP values to account for the effects of
atmospheric attenuation. A complexity with SLSTR is the saturation of the S7 channel at relatively low
temperatures, and data from this channel is not used in the L2velgorithm when it reports a
brightness temperature above 311 K, which frequentlypgegs at AF pixels and also over many ambient
land surfaces by day. When this happens, data from the F1 channel are used instead of those from S7,
though the slight geometric offset and different pixel shape between these two channels (see Section
7.7) intoduces added complexity to the algorithm (see Xu et2820). However, the F1 channel offers

the advantage that its pixel size remains smaller and far more consistent across the swath than does that
of S7, and this enables smaller and less intenselyibgrgi.e. lower FRP) fires to be detected than would
otherwise be the case, particularly at locations towards the swath edge. To take advantage of this, in the
Level2 FRP product available on the Sentinel Data Hub, all AF pixels are ultimately detetteavan

their FRP retrieved using the F1 channel, subsequent to a first AF pixel detection step that is based on S7
(see Xu et al., 2020 for full details)
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Figure 6: Graphic of the FRP retrievals made at the location of all aetiire pixels detected in the S3A SLSTR
Levell data of Australia shown ifrigure2 and stored in the corresponding Lev2IFRP product file

SinceFebruary 2022, firrare also detected during nighttime using the SWIR S6 radiadsetiese

SWIR channel signals should essentially be very close to zero over ambient temperature duriages
nighttime, fires are emitting significantly at these wavehgths Any fire missed by the test based on the

MIR and LWIR signals have another chance to be detected using these SWIR signals, especially thanks to
the smaller 500m pixel size as any fire will comprise a higher proportion of SWIR pixel area. The
detection is then based on a absolute test comparing SWIR S6 and S5 fire radiances and the mean and
median SWIR channel radiances computed over a large neighbouring area.

5.2 Levell

The purpose otfevell processing is to calibrate the raw instrument data, ¢gcee each pixel to its
position on the Earth, put the pixels on a uniform grid and add other auxiliary informggemthelL1
ATBD.

Step 1:Read in the raw datalmportant variabés such as the raw counts, instrument temperatures, and
pointing direction of the satellite are extracted for use in thowingsteps.

Step 2:Calculation of calibration parametersThe two BB calibration sources (see Secddhl) are
used to calculate theadiometric gain and offsgtarameters for the infrared channels (S®, FiF2). The
visible/SWIR calibration parameters are calculated using the VISCAL system (seedS&@jowhich
obsenes the Sun once every orbit.

Step 3:Geolocation.Theexact locatiorthat the instrument is viewing on the surface of the Earth when
each pixel was measuresl calculated Thisusesi KS &1 G St t A0S LR2aAlA2y> @OASq
of each pixeWithin the instrument, and aigital elevatiormodel of the Earth.

Step 4:Regridding.{ [ { ¢w 20 aSNIIF A2y a | NB ,YheaBufed ih gurvédHKires WA y 2

s O~ Moo N A

L oaAan

uniformquasi/ F NI SaAA LY WAYI IS 3INRARQII SRIFAAGYSS Ri NNBG || GaAKASO K
The y=0 positionis the point that the satellite crosses the Equator at the ascending node (South
North). Each image grid pixel is a uniform 2Hkm (or 0.8 0.5km, depending on the channel). The
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image grid is filled with measurements using a neanesghbour algorithm. Note that the geographic

centre of each measurement pixel is not hecessarilyséime as the geographic centre of the image grid

pixel, nor is it always the same shape (d6gure8). Due to the curved measurement scans, this
approach can lead toome image pixels with no measurements, or with more than one measurement

GKS 31 LA ' NB w02 aYSRARant theaddriangsf I SYRE Soaa S INB{ Sadii2ANSSyR
(see Sectio®.2.12).
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Figure7: A nadir view image in instrument geometry (left) and after regridding onto the LeYedimage grid
(right). The white line shows the pattraced on the surface of the earth by a single detector during one scan of
the instrument conical scanner.
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Figure8: A diagram showing the definition of the 1km image grid. The x and y Cartesian coordinates are defined
relative to the Ascending Node Crossing (ANX) and the-satiellite track. This figure illustrates the difference
between the image grid pixel, and the actual field of view of the instrument pixéhe 0.5km grids are
referenced in a similar way.

Step 5: Cloud Masking and other classificationgdditional informationis added such as surface
classification and ech pixel is detenined to be either clear or cloudy by a number of different cloud
tests (seethe L1 ATBD Finally, Meteorological data fields taken from models near the time of SLSTR
measurements are added to the product.
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6 SLSTIRroducts

6.1 Introduction to SLSTR land products

There are three SLSTR lantbquct types distributed to usersSL_1_RBTLevell radiances and
brightness temperatures)SL_2 LSTLevel2 land surface temperature), an8L_2_ FRRLevel2 fire
radiative power)The following sections describe these products in reverse order, stavithd_evei2.

The product data for each type are saved in the Standard Archive Format for Europe (SAFE), which
consists of an XML manifest (xfdumanifest.xml) and a set of measurement and annotation data files in
Network Common Data Format (NetGCBF The manifest file gives summary information for the
product, and is used for reading it into the SNAP toolddreNetCDRormat is a platform independent,
selfdescribing data format, containing data, metadata and descriptions. The collection of files lfor eac
SAFE product can exist as a directory in a filesystem, zipped folder or tarball depending on where the
data were obtained.

Note that within the NetCDF files, somariables typege.g. Level radiance/BTran be given with a
scale factor and/or offsefThis is taken into account automatically by some data readers, but must be
applied manually if read by hand inside a script.

SLSTR products are uniquely defined by thgeacessing baselif@onfiguration(see Sectio®.2.2). This
indicates both the software version and the internal auxiliary data {ifBFs)used to generate the
product. When a significant change is made to the processing\Bhseline CollectioQnumber is
incremented- this number is contained in the filename (see below).

SLSTR products are divided into Product Dissemination Units (PDgbanoiles, which contain a 3
minute portion of data. These product granules are delivered to users twice: firstly within 3 hours of
acquisition (Near Real Time, dIRTdata), and secondly more slowly once consolidated orbit and
meteorological data are aulable (Non Time Critical, ddTCdata). Typically the NTC data should be
available within 248 hours of acquisition, and are recommended for the majority of-operational
users. In spite of slight differences in calibration, the absolute geolocatieaatf measurement position
should be the same in both NRT and NTC products.

The filename convention for SLSTR products is summarised below:
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Figure9: The location and extracts of filenames of a number of products froysles 39 and 40 of relative orbit
number 46 are shown on a global image. Note the shorter measurement time of the final product in the cycle,
and how the alongtrack coordinate number starts from the ANX.

6.2 Level2 product content

The SL_2_LST product is the core L2y#bduct for SentineB. For both NRT and NTC products the data
is available in 3ninute PDUs (granules) generated from the input nadir S8 and S9 brightness
temperatures in the Level data.

Each product consists ah XML manifest file (xfdumanifest.xml) and a set of eleven measurement and
annotation data files in NetCBFformat. These include data on both the image grid (*_i?.nc files) and
tie-point grid (*_t?.nc filesy, see also Sectiof. Geophysical information is provided on the geolocation


















































































































