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Sentinel-3 constellation (S-3A, S-3B) (@, esa

Sentinel-3 mission orbit

Type: Sun-synchronous low earth orbit
Repeat cycle: 27 days (14 + 7/27 orbits per day)
Average altitude: 814.5 km over geoid

Mean solar time: 10:00 at descending node
Inclination: 98.65°

Revisit at Equator  Revisit for latitude >30°

Ocean Colour 1 Satellite < 3.8days < 2.8 days
. < 2 days

(Sun-glintiree)  Ey——G—=_ <1.9 days < 1.4 days

Land Colour 1 Satellite < 2.2 days < 1.8 days
< 2 days

2 Satellite < 1.1 day < 0.9 day

SLSTdual view 1 Satellite < 1.8 days < 1.5 days
< 4 days

2 Satellite < 0.9 day < 0.8 day

— Near-Real Time (< 3 hrs) availability of the L2 products
- Slow Time Critical (1 to 2 days) delivery of higher quality products for

sssimilation in models (¢.g. S5H, SET) . SLSTR images from the S-3A and S-3B orbit
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Sentinel-3 Sensors

wasce @ eSa

Ocean and Land
Colour
Microwave Instrument
Radiomater

DORIS ——0

Seaand Land
Surface
Temperature
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Laser Retra-

Reflector DORIS
Antenna

SAR Radar R
Altimeter S band anfenna
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Data and Physical Units in

SLSTR Products

Performance Parameters SLSTR AATSR & ATSR-1/2
Swaths Madir view 1 400 km 500 km
. Focal-Plane Duaal view 740 km 500 km
::::;or Assembly
Global coverage 1 SIC (dual view) 1.9 days T-14 days
f;i‘;:i:g oblique revisit time
cooler FoV 0.9 days B
Baffle
1 day T-14 days
SLSTR Control
and Processing 0.5 days -
Electronics
(CPE & SUR) SS1at SSP (km) 0.5 km VIS-SWIR 1 km

y od B;;'"e centre A (pm) WWIR: 1.375;1.610; 2 25; 1.6110;
MVWIRITIR: 3.74;10.85; 12; 3.74; 10.85; 12;
. toantviow  SLTR Optical Fire-1/2: 374 10.85 -
Seanning Unit
sLosy) Galibration, e Radiometric VIS (a=0.5%): SMR = 20 SMNR = 20
-Xs. (flight direction) (10f2) resolution SWIR (a=0.5%) SMR = 20 SMNR = 20
MWIR (T=270K): MeAT = 80 mk MeAT = 80 mk
TIR (T=270K): MedT = 50 mk MeAT = 50 mK
Fire-1 (=500 K): MNeAT =< 1K
Fire-2 (=400 K): MNeAT = 0.5 K
SLSTR Radiometric VIS-SWIR: = 2% (BOL)
accuracy (a=2-100%) = 5% (ECOL) = 5%
MWIR-TIR
(265-310K) =01K

~— Oblique (rear)

Direction
of flight

Nadir swath
scanner footprint

1 km IR-fire

Spectral channels

VIS (not ATER-1)K

0.555; 0.659; 0.865;

0.555; 0.659; 0.865;

Fire (=500K)

= 0.1 k {goal)
=3 K

Life time {in orbit)

7.5 years

AATSR: 5 year design,
operative since 2002;
ATSR-2: 3 year design,
operating from 1995 {o 2008;
ATSR-1: 3 year design,
operating from 1291 to 2000

e ner (1400 km swath)
footprint (740 km
swath)
i
400 S00 s00 Too BOO 200 :’I =2 3 4 8 k] 10 11 12
. [Tiasl
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(& @ cSa

Sea and Land Surface Temperature Radiometer (SLSTR)

07 = 55°

* o
L 2 VIDWS COMMON
| VELOCTTY SWATH (21.67)
S =T DIRECTION
i Dl

DZA= 27067

£ SINGLAVIEW |

> |

| T BACEWARD
2 VIEWS! SWATH R1400 Kin) YIEW VEELGEITY |
SWATH © e e =% TARECTTOM
(A4 Km) Neo-—mT 3 |

NADIR VIEW /
SWATH (+30°.477)
e /
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Sentinel-3 Data Processing Chains

OLCl
Instrument

--‘

chain based

Ocean & Land
Colour Processing

on OLCI data

SRAL MWR POD
Instrument Instrument System

- C

SLSTR and
OLCI data

Synergy
Products

M SLSTR
- L1B

on SLST data

I L1C: Hybrid Surface

1 processing Temperature
j chain based on Processing

§ combination of chain based
1

L2 Surface
Temperatures
Products

Auxilary data

Topography
Processing chain
based on alimeter
radiometaer and POD
system data
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https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-3-slstr

(& @ cSa

Example:Sentinel-3A/B SLSTR L1-L2 images

LREATREER rOAASNVEQORE \ 2 EE A0l @ NEED

elinfo | —

[1]538_SL_1 RBT___ 2019100170236 A

[453A_SL_1_RET__ 2018100570235,

& (2 Metadata

(1 Flag Codngs

@0 Vector Data

(@ TiePointGrids

=& Bands
@ FEn
@@ Frexception n
@@ PR
@@ Fexcepton o
o-@ S8
@@ Sexcepton in
=@ sBrio
@ sexception o

B [ SSTRU-Nodir RGB X | B (3155 L1 -Nadr RGB X |
> A A i
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EFHE LS dPIQ [ Aer OBInIX T LBE A
Product Explorer X | Pielinto | —|[@aron x|

seiXEm e AT Y i

[ & [1] S34_SY_2_V10___20190926T120000_20 19 1006T 120000_20191007T084709_SOUTH_EAST|

&l [2]53_5Y_2 VI0__ 201909267 120000_2019 1006T120000_20191007T084850_SOUTH_EAST|| -

Navigation - [1] NDVI | Colour Manipulati___ | Uncertainty Visual___| World View

EUROPE

Indian Ocean Australia
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Exercise Overview:

« Goal: To calculate Land Surface Temperatures using S-
3A/B data from a split-window (SW) algorithm

« Source: Sobrino et al. (2008, 2016)

* Procedure:

Basic image visualization and manipulation tasks
Collocate products

Calculate LST using band maths operations

Compare the results obtained with SLSTR-L2 product
Graph builder and batch processing
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Split-window equations to derive land surface
temperature
Ts =T + ¢ (Ti — Tj) +CQ(Ti — Tj)2 -+ Co

-+ (C3 -+ C4W) (1 — E) -+ (C5 -+ C6W)AE (1)

where Ts is the LST (in K), Ti,j are at-sensor brightness temperatures (in K), W
is the atmospheric water vapor content (in g-cm™ 2 or cm), € is the mean LSE
0.5-(g; + sj), and Ac¢ is the LSE difference (g; — sj). Subindices ‘i’ and ‘j’ refer to
two different TIR bands, thus leading to the SW algorithm, or to one TIR band
but two different view angles (e.g. nadir ‘n’ and oblique ‘0’ views), thus leading
to the DA algorithm. Coefficients c to c5 are obtained from statistical
regressions performed over simulated data.

Synergistic use of MERIS and AATSR as a proxy for estimating Land Surface Temperature from Sentinel-3 data; Sobrino et al., 2016, RSE,
http://dx.doi.org/10.1016/j.rse.2016.03.035
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Land surface temperature

Numerical coefficients and errors for split window algorithm (Sobrino et al, 2016)

Parameter Units AATSR SLSTR

Co K —0.268 + 0.014 —0.268 4+ 0.014
Cq Unitless 1.029 4+ 0.010 1.084 4+ 0.010
Co K1 0.2679 4+ 0.0017 0.2771 4+ 0.0017
C3 K 449 4+ 0.7 451 + 0.7

Ca K-cm—! — 061 &+ 0.19 —0.73 +0.19
Cs K —121.5 + 1.7 —125.0 + 1.7
Cs K-cm ! 16.2 + 0.5 16.7 + 0.5

O K 0.9 0.9

r Unitless 0.975 0.976

OMNEAT K 0.4 0.4

bEe K 1.2 1.2

ow K 0.08 0.08

Ui otal K 1.5 1.6

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
18-23 November 2019 | Chongging, P.R. China

RECRHE AR ‘RITRT SN 2019 MBS R I
#UEHE: 2019 E118180-238 EhH: BREAY




Data sets

« Sentinel-3A/3B images acquired during Sepertember 2019 downloaded

at https://scihub.copernicus.eu/
.« S3B SL 1 RBT 20191001T023650 20191001T023950 20191002T070406 0179 03

0_260_2520_LN2_O_NT_003.SEN3
+ S3B_SL_2_LST 20191001T023650_20191001T023950_20191001T042632_0179_030

_260_2520_LN2_O_NR_0O03.SEN3

+ S3A_SL_1_RBT 20190921T023515_20190921T023815_20190922T080924_0179_04

9_260_2520_LN2_O_NT_003.SEN3
e S3A_SL_2 LST___ 20190921T023515_20190921T023815_20190921T042937_0179_049
_260_2520_LN2_O_NR_003.SEN3
bands selected for the calculation of the LST from SLST L1 are: nadir brightness temperatures
for channel S8 at 10822.8nm and channel S9 at 12039.2 nm

» Pre-processed data for the surface emissivity

+ emissivity_20191001.dim
* emissivity_SY_20191001.dim
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https://scihub.copernicus.eu/

Open and explore S3A/B SLSTR L-1B data @ﬂm. @esa

From the folder products exercise, open the
scene: ag Bl XBEmraa s NvRoORE \ 9 EE T,
“S3B_SL_1_RBT___ 20191001T023650_20191001 ‘et e < | - Busmieeie x|
T023950_20191002T070406_0179_030_260_2520 :2w= |
_LN2_O_NT_003.SEN3/xfdumanifest.xml" 5@ o

(@2 Bands

« Open RGB Image Window with the SLSTR L1 e
Nadir profile. Stretch the histogram for a better
visualization in the Colour Manipulation window

< >

Naviga,..‘cubou... ‘uncer.,_ ‘ xl -

« Add a pin in the approximate position of
Guangzhou (23.13°N, 113.25°E)

+ View image bands and check the spatial
resolution for the BT and radiance bands

Australia

2000 Km

Off Globe
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Resampling at 1km:

L

 Source product:

I1/0 Parameters Reszampling Parameters

S3B_ SL_ 1_ RBT 2019100170236 Define size of resampled product

50 20191001T023950 2019100270 i torpet w1500 :
70406_0179 030 260 2520 LN2 O Resulting target height: 1200

By target width and height: Target width: 3,000
_NT_003.SEN3 2,400

Target height:

LI I

Width f height ratio: 1. 25000

- Target product 1

S3B SL 1 RBT 2019100170236 etre resming sigorte

50_20191001T023950_20191002T0 Upsampling method: o S
70406_0179 _030_260_2520 LN2_O Dawnsamping method:
_NT_003_resampled

Ak

Resulting target height:

Flag downsampling method: First oo
[] Advanced Method Definition by Band

Resample on pyramid levels (for faster imaging)
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Creating spatial subset:

« Source product:

S3B SL 1 RBT. 20191001T7023650
_20191001T7023950 _20191002T070406
0179 _030_260_2520_LN2_O_NT_003.
_resampled

« Save the subset image:

subset 0 of S3B SL 1 RBT 20191
0017023650 20191001T023950 20191
0027070406 _0179 030 _260 2520 LN2
O _NT_003.dim

« Set up the subset parameters
as shown in the Figure
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re

Reference Band: 58_BT_in e

Pixel Coordinates Geo Coordinates

Morth latitude bound: 27.4965 =
West longitude bound: 108,834 =
South latitude bound: 20,043 =
East longitude bound: 113.64 =
Scene step X: =
Scene step Y: 1=
Subset scene width: 6548.0
Subset scene height: 704.0
Source scene width: 3000
Source scene height: 2400
[] Fixe full width
Use Preview
[ Fix full height

Estimated, raw storage size: 441, 1M

Cancel Help
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nds
*F*BT_in*_M
*F*exception_in*_M
*F*BT_io*_M
*F*exception_io*_M
*S*BT_in*_M
*S*exception_in*_M
*S*BT_io*_M
*S*exception_io*_M
*lambda0O*_M*_S
*FWHM*_M*_S
*solar_flux*_M*_S
*0Oa*_reflectance*_M*_S
FIWV*_S*_S
*OGVI*_S*_S
*OTCI*_S*_S
*RC681*_S5*_S
*RC865*_S*_S
*atmospheric_temperature_profile*_S*_S
*lambda0~*_S*_S
*FWHM*_S*_S
*solar_flux*_S*_S
x_in_M
y_in_M
x_io_M
y_io_M
bayes_in_M
cloud_in_M
confidence_in_M
pointing_in_M
bayes_io_M
cloud_io_M
confidence_io_M
pointing_io_M
elevation_in_M
latitude_in_M
longitude_in_M
elevation_io_M

COLLOCATION

Use the collocation tool to group the SLSTR
and emissivity bands in a single product with
the same spatial resolution (1 km) and geo-
location:

Raster/Geometric Operations/Collocation

Master file:

subset 0 _of S3B _SL_1_RBT 20191001T023650_201910
017023950 _20191002T070406_0179_030_260_2520_LN2_
O_NT_003.dim

Slave file:
emissivity _20191001.dim

VVVVVVVVVVVVVYVYVYVVVW

EEEERRRRRECEBEBREDDDDUCODDRRDROLODDDDDDS

Target product
collocate_S3B_L1_emissivity_20191001.data

Open and view the created product
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Mean LSE,difference LSE

L Band Maths X
Target product:
mean LS E . [1] collocate_S38 L1_emissivity_20191001 v
Name: Emis_mean
emis_mean = (emis_total S8 S Hl Band Maths Expres Pescreton: X
. Unit:
+ emi S_ tO ta /_S 9_ S) / 2 Jata sources: Spectral wavelength: 0.0 Expression:
emis 5 55 5 Virtual (save expression only, don't store data) f+B (emis_total 58 5 + emis_total 59 5) /
emis m 58_§ Replace NaN and infinity results by Nal 2
d iffe r'e n Ce LS E . emiz m 59 S [] Generate associated uncertainty band L7k
. Band maths expression: Bra
emis diff — emis to ta/ 58 S - EIIJ.E_V_S (emis_total_S8_5 + emiz_total_59_5) /2
— — — — emis total 58 5 g/e
emis_total_S9_S enis_votal 55 3
= = = Load... Save... Edit Expression... (@)
TP latitude S
Constants. . . W
TP longitude 3 v
Water vapour to g*cm?2 Fston s e Y
Functions. .. W
/| Sh ks
water_vapour = IWV_S_ S/ 10 o
[] Show tie-point grids

Ok, no errors,

Cancel Help
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[] Show single flags
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SR eBnBLCRNEm vOAAINTRIOR

fNask Manager | Product Explorer = | Pixel Info |

- 5%_exception_bo_*_M
5*_exception_cn_*_M

5% exception_co_* M
5*_exception_in_*_M

5% exception_io_* M
F*_exception_in_*_M
F*_exception_io_* M
*OGVI*_5*_ 5%
*OTCI*_5*_ 5%
quality_flags_land_M_5
quality_flags_coastine_M_S
quality_flags_fresh_inland_water_M_5

T

i O O e O

guality_flags_tidal_region_M_S
quality_flags_bright_M_5

lavigation ... X |Colour Manip... | Uncertainty Vi... | World View

THEARER
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LST Algorithm in Band Maths

aB INnBLTR/TER rOAAINVEIOR S |

o

Mask | Product Explorer X | Pixelinfo | —|[B s x
e Bl = Ltk

atmospheric_temperature_profile_pressure_level_24_5
atmospheric_temperature_profile_pressure_level_25_5
horizontal_wind_vector_1_5
horizontal_wind_vector_2_5

humidity_S

sea_level_pressure_S
total_columnar_water_vapour_5

total_ozone_S

collocationFlags

emis_mean

emis_diff

water_vapour

G- (3 Masks

Navigation - [1.... | Colour Ma... X | Uncertainty Vi... | World View

Editor: () Basic (@) Sliders (O) Table

Name: LST
Unit: 95%
Min: 290. 167
Max: 315.331
Rough statistics!

P R2LEDBY|
3P 2R |

13
=
s

©

96'00E
90'E0E
91'S0E

®

2 More Options

ﬁ @m eci )1 ® w @ ﬁ Bl LsT - Properties X
=IProduct Node Properties ~
w [ Name LST [
Description ’_\
Modified
=IRaster Band Properties
| unit [
Data Type D
Raster size 645 E
Pixel-Value Expression S8_BT_in_M +(1.084 * (58_BT_in_M-... E
+| Valid-Pixel Expression (S8_BT_in_M.raw != -32768.0) && (59... ||
No-Data Value Used
No-Data Value NaMN
=| Spectral Wavelength 0.0
Spectral Bandwidth 0.0
Ancillary Variables =]
ncillary Relations [ v
LST
648 x 704 pixels, Expr.: S8_BT_in_M + (1.084 * (58_BT_in_M - 59_BT_in_M)) + (0.2771*
((58_BT_in_M - 59_BT_in_M) ~ 2)) + (-0.268) + ({45.1 + (-0.73 *water_vapour)) *{1-
| emis_mean)) + ({(-125 + (16.7 = water_vapour))) * (emis_diff)), 0
e

((S8_BT_in_M - §

S8_BT_in_M + (1.084 * (S8_BT_in_M - S9_BT_in_M)) + (0.2771 *

9_BT_in_M) A 2)) + (-0.268) + ((45.1 + (-0.73 *

water_vapour_S)) * (1- emis_effect_S)) + ((-125 + (16.7 *
water_vapour_s))) * (emis_diff_s))
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FLAGS AND MASKS

¢CSa

NARSLCC

aBIwis L.k

e r QAN RO

P
bl
b8
e
¢

E
D

Use the Mask

LOSF_S_S.INLAND WATER

Mask r X|Product Explorer | Pixetinfo | —|[E 15T %]
ﬂ Name Type Colour Tra... [x] ol
[ |quality_fi... Maths 0.5~ M t
[ |quality_fi... [Maths 0.5 @ a n a g e r O
[ |quality_fi... [Maths 0.5 a . .
[ |quality_fi... [Maths 0.5 | h g
T > visualize, change
[ |quality_fi... Maths 0.5 '
O 1. o oS (i and created new
[ |quality_fi... [Maths 0.5 ‘
[ |quality_fi... Maths 0.5
Dl e e masks from flags
T = @
Navigatio... | Colou... X | Uncertain... |World View | — O r ba n d S
Editor: (_)Basic (@) Sliders () Table Q @
et | B3 Do sources
Unit: 955 100% LosF_s_s.croup £omd ®
Min: 290,167 For} LOQSF_S_S.CLOUD_AMBIGUOUS @ or @
Roughatsisst | &N sz = s ewou zox ot o ERSrE -2 Eaus Dmieyoos o
&,

y

% More Options

L S

5
3
5]

m

[-1-§-1-T1
96'00E
90'E0E
91'S0E
SZ'L0E

®

LOSF s _s.TIDAL ce)

LQSF_S_S.COSMETIC

Constantsa. .
Show bands

o + -
Show masks perators

OO

Show tie—point grids Functions...

5 Ok, no errors
Show single flags

Cancel Help
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Plot of SW-LST vs BT bands

|
- Compare the split window st Pt |
calculated LST with other . Scatter Plot L '
thermal bands using scatter ’ Sl =
plot(Analysis/Scatter Plot) 0 -
025 Auto min/max
Min; 290,17
y 300.0 Max: |315.33
.'EE —_ [eollocate ... v
] LT -
:| 705.0 Y-Axis
Eﬂl Auto min/max
R 223 Min: 283,81
Max: 307,83
290.0
; [{]collocate ... v
2875 58_T_in M .
285.0 [] Invert plot colors

295 300 305 210 315
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SW-LST vs SLST-L2

( NARSLCC

* Collocate the split window
calculated LST with the SLSTR L2
LST product for comparison

* You will use the SLSTR-L2 LST data
provided:
S3B_SI_2 IST____20191001T023650_20

191001T7T023950_20191001T042632_0179
_030_260_2520_LN2_O_NR_003.SEN3

« Master file: SLSTR L2 LST
« Slave file: SW based LST

» Display the two LST images, select
a water, a soil and a vegetated
pixel and fill in the table:

ol stm ] usts |

Vegetaton [ | E—
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Mask Mana... | Product... X [Pixelinfo | —|[E [T M x
[ emis_s_s5sM o
[ emis_s_ss_sM
[ emis_m_ss_s_M

- [E) emis_m_S3_5_M

- [E) emis_v_S_M
B emis_total_S8_5_M
B emis_total_S9_5_M
B emis_mean_M
B emis_diff M
[ water_vapour_M

- [@ LST_M

[ NDVI_S
B Lsts
B latitude_in_s

v

Navigati... [ Colo... % [uncertai...|worldv...[ — ||}

Editor: @ Basic () Sliders (O Table 2 & |

=
Colour ramp: )
desived from wew_water_yel

Logig

.
Display range
Min: Max:
298.8171205 308.0076225
Range from File \ Range from Data
X MoreOptions —————— @

MName: LST_M
- Unit: null
Min: 280,167
i Max: 315,331
Rough statistics!
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Plot of Split Window LST vs. L2

Scatter Plot >
=
Scatter Plot = Il »
317.5 [ Use ROI mask:
215.0 doud_in_visible_M_M g_;_
X-Axis
3125
Auta minfmax
J10.0 Min: [290.17
207.5 Max: |315.33
w» 305.0 [ collocate_... -
=
w 302.5 LST_M 9
! Y-Axis
2 =200.0 Auto min/max
297.5 Min: |285.53
205,00 Max: |318.49
292.5 [Hlcollocate_... -
LST_S -
290.0
287.5 ] invert plot colars
2a5 200 205 210 215
LST_M I & & (2)
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For the students who like to do more...

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
18-23 November 2019 | Chongging, P.R. China

Calculate LST using the input data provided:
[. At-sensor brightness temperatures:
S3B Level-1
IT. Surface emissivities extracted from S3 Synergy product
collocate_S3B L1 _emissivity SY 20191001.dim
Analysis the results obtained from both input surface emmisivities.
Compare the results to S3/SLST Level 2 LST image.
Understand how to use these data for estimating LST (SW algorithm).
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[cont.] Batch Processing

Spatial and band subset for SLSLR L2 images

2B Graph Builder : myGraph.xml pe
File Graphs
@ H Batch Processing : myGraph.xml X
Spatial Subset Band Subset Tie-Point Grid Subset Metadata Subset ——
| Read |>—-| Subset +—-|. Write | P
Reference Band: S8_BT_in v
IfO Parameters  gyhset
Pivel Coordinates Geo Coordinates ; . File Name Type Acquisition Track Orbit i
z 5 xfdumanifest, xml ‘ ‘ | | ?]:
North latitude bound: 27.465 5 wfdumanifest,xml \ \ | |
Read Subset write —
West longitude bound: 108,834+ Source Bands: NV N
[TCWY ﬁ
South latitude bound: 20.043 % lbiome
= fraction @
East longitude bound: 113.64+ LsT
LST_uncertainty
" exception @
Scene step X: 1k be_in v Q
Scene step Y: 15 SRR
(O Pixel Coordinates (@) Geographic Coordinates Ff)‘il
Subset scene width: 643.0 Reference band: NDVI ~ 7
Subset scene height: 704.0 %\“/
Source scene width: 3000 2Products
Source scene height: 2400 Target Folder
" . 5 ¢ | BEAM-DIMAP W
(] i full width aveas
Use Preview Directory:
[ Fix full height -
1 206335549586 18164, 110,00668487548828 26,6517276763916, 110.90663487548828 26.6517276763916)) | Update D:1Dragon2019'\D20TR 15 3thermal-LW\GraphBuilder
[ Skip existing target fles /] Keep source product name
Estimated, raw storage size: 441, 1M
Cancel Help ad | Fsae | % cear [> Run Run remote Load Graph Close Help
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