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Processing Sentinel3-A/B OLCI Data

Prepared by Daniel Odermatt!, Ana B. Ruescas?3 and Juan C. Jimenez-Munoz3
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Ocean and Land Colour Instrument: OLCI (( e @esa
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Ocean and Land Colour Instrument: OLCI @”gﬂc ¢@Sa

Band s Thomer 1 With
551 at SSP (km)B300 m Yellow substanace/detrital | 4125 | 10 st .
IMERIS type calibration arrangement with spectral calibration using a doped Erbium diffuser plate, pigments Oal 400 15
Calibration  |PTFE diffuser plate and dark current plate viewed approximately every 2 weeks atthe South Pole Chl.. Abs. Max 4425 10 Oa2 4125 10
ecliptic. Spare diffuser plate viewed periodically for calibration degradation monitoring Chl & other pigments 490 10 Oad 447 5 10
Detectors ENVISAT MERIS heritage back-illuminated CCD§5-20 frame-transferimaging device (780 Susp. Sediments, red tide 510 10 Oad 0
columns by 576 row array of 22.5 pm square active elements). Chl. Abs. Min 560 10 0.‘ z
Optical Push-broom sensor. Five cameras recurrent frqm MERIS dedicated Scrambling Window Suspended sediment 620 10 2 510 10
scanning IAssembly (SWA) supporting five Video Acquisition Modules (VAM) for analogue to digital Oab 560 10
design conversion Chl. Abs, Chl. fluorescence 665 10 Oa7 620 0
Spectral ‘ Chl. fluorescence peak 681.25 | 7.5 Oaf
oo [1257m (MERIS heitage), 21 bands. Chl. fluorescence ref., Atm, | 708.75 | 10 - 565 10
cadiometic | 2% with reference to the sun formje‘400-900_nm w:_avenand and < 5% with re_ference to the sun v t;t:_""' oud 25375 73 :;a :” ggi;: ;;
soruracy for wavebands > 900 nm. 0.1% stability for radiometric accuracy over each orbit and 0.5% relative egetation, clouds ' : " =
accuracy for the calibration diffuser BRDF. 0, R-branch abs. 761.25 | 25 Oall 75 lﬂ
Radiometric 0, P-branch abs. 778,75 15 2 !
esouion[<003W i sr”! mi™! (MERIS baseline) z Atm corr 865 | 20 :-;2: 3 ;:::g gi
lass 150 kg Vegetation, H,0 vap. Ref. | 885 10 Oald 763.375 175
Size 13 m H,0 vap., Land 900 10 Dal5 1675 75
Design lifetime [7.5 years New OLCI bands Acenter Width Oalh T18.75 15
Aerosol, in-water property 400 15 Oal7 RB65 mn
Fluorescence retrieval 673.75 7.5 Oal® T 10
Atmospheric parameter  764.375 3.75 0alo0 900 0
Cloud top pressure 767.5 25 0220 040 30
Atmos./aerosol correction 940 20
Atmos./aerosol correction 1020 40 Oall 1020 40
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OLCI product types

B . ~] OLZ WFR__ /
0 i ’ . OL_2_WRR
OL_1 EFR___ 2_WRR__
oLoER__ . OL_1_ERR’___ .
) . OL_2_WFR_BW
. | OL_1 _EFR BW ; . OL_2_WRR_BW
. OL_1_ERR_BW .
- . OL2_LFR___ J
L0 L1 =
» . OL_2_LFR_BW /
. . OL_2_LRR_BW
LEVEL O LEVEL 2
EFR Earth observation Full Resolution WFR Water and atmosphere Full Resolution
WFR_BW  WFR Browse Product
LEVEL 1 WRR Water and atmosphere Reduced Res.
EFR Earth observation Full Resolution (calibrated) LFR Land Full Resolution
ERR Earth observation Reduced Resolution (cal.) LRR Land Reduced Resolution
EFR_BW EFR browse product Etc.
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Example: Sentinel-3A/B products ( NBCCr @esa

[=r=e=y

AT s PP = QLT [A e Al &R I 2 s e A B D@l =8 e s

Product Explorer = | Pixel Info | — || 151 oLCI L2 W - Tristimulus RGB < | — |[ 1 06w x| —
== [1] S3A_SY_2_v10, 201909267 120000_20191006T 120000_20191007TO843 o W b 2 | 7 =g
&l [2] S3B_SY_2_V10, 20190926T 120000_20191006T 120000_20 19 1007T0848 .
=3 [3] 538_OL_1 _EFR 20191001T023650_20191001T023950_20191002T0730
54 [49] S3B_OL_2_IFR, 20191001T023650_20191001T023950_20191002T0751
)& [5] S36_OL_1_EFR. 20191001T023650_20191001T023950_20191002T073

Navigation - [5... | Colour Manip... | Uncertainty Wi._. | World View

Indian Ocean

Australia

Off Globe
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Exercise Overview:

« Goal: Processing S3-A/B OLCI data for estimating emissivity using NDVI-THM.
« Source: Sobrino et al. (2008, 2016)
* Procedure:

Basic image visualization and manipulation tasks

OLCI L1 TOA radiance to reflectance conversion

OLCI L1/L2 product collocation

Emissivity calculation using the (NDVI)Thresholds Method

Spatial and temporal changes of NDVI (S3-SY-NDVI) using time series analysis
tools

« Sentinel-3 user guide:
https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-3-olci
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Definition of Emissivity

The emissivity, €, at a given wavelength A (units, pm) and temperature T (units,
K), is defined as the ratio of the radiance g, (7) emitted by a body at temperature

T and the radiance g, (1) emitted by a black body at the same temperature T, that

is,
_ R(T)
&(T) = BT’ (1) (M
where g, (1) refers to Planck’'s law, which is defined as
B(1) = — S @) @
T exp(Cr/AT) — 17

in which C 1 and C, are constants (C4=1.191 x 108 W pm*sr'' m™2, C, = 1.439 x
104 um K).

Land surface emissivity retrieval from satellite data; Li et al., 2013, I1JRS, http://dx.doi.org/10.1080/01431161.2012.716540
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(NDVI)Thresholds Method

o

maaaam

A simple method using OLCI data in the visible and near
infrared bands (b8 and b9), which considers three type of
pixels depending on the NDVI value:

NDVI=NDVIs : € =a+bpeg
NDVIs<NDVI<NDVIv : £ =&5(1—Pv) +&,Pv+C
NDVIv=NDVI : e=099

where pred is the reflectance at the red band, s = and
= are reference values of surface emissivity for soil

and vegetation, respectively. Pv is the fractional

vegetation cover, which can be obtained from the scaled

NDVI, given by NDVI — NDVIs

PV = NDVIiv —NDVIs

Where NDVIs=0.15 and NDVIv=0.9 are reference
values of NDVI for bare soil pixels and fully
vegetation pixels
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[1] S36_0OL_1_EFR
- [E3 Metadata

20191001T0236

Flag Codings
Vector Data
Tie-Point Grids
a Bands
I_‘J @ 0a*_radiance

- Oal1_radiance {400 nm)
Dal2_radiance {(412.5 nm)
Dal3_radiance (442.5 nm)
Dan4_radiance (430 nm)
0al5_radiance {510 nm)
Oalé_radiance {560 nm)
Dal7_radiance {620 nm)
Da0s_radiance (665 nm)
Qalg_radiance (673,75 nm)
Oall_radiance (681,25 nm)

|
-3
-3

Oall_radiance (7085- & [1] 538_OL_1 EFR
0Oa12_radiance {7532 Q [2] 53B_OL_2_LFR____
Dal3_radiance (751, _. E3 mMetadata
Oal4_radiance (764, £ [33 Flag Codings
0al5_radiance (757, -- [Z3 vector Data
Da16_radiance (778. . [Z3 Tie-Point Grids
Dal7_radiance (365

E} @ Bands
Oalsd_radiance (335 -3 TWv
Dal3_radiance (300

28 OGVI

0a20_radiance {240 L E ol
Da21_radiance (1020 " oGVIerr
B w23 oTcI
723 RCE81
o[22 RCs6s

__ 20191001T0235650_201
2019100 1TO23550_201%
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Exercise data

Sentinel-3B L1 and L2 images
S3B OL_1_EFR___ 20191001T023650_20191001T023950_20191002T073016_0179_030_260_2520_LN1_0O_NT_002.SEN3
S3B_OL_2_LFR 20191001T023650_20191001T023950_20191002T075103_0179_030_260_2520_LN1_O_NT_002.SEN3

Sentinel-3A L1 and L2 images
S3A_OL_1_EFR___ 20181005T023514_20181005T023814_20181006T062411_0179_036_260_2520_LN1_O_NT_002.SEN3
S3A_OL_2_LFR____20181005T023514_20181005T023814_20181006T064358_0179_036_260_2520_LN1_O_NT_002.SEN3

Sentinel-3A/3B Synergy NDVI products

S3B SY 2 V10___ 20190726T163346_20190805T163346_20190815T172025_SOUTH_EAST _ASIA___LN2_O_NT._002.SEN3
S3B_SY 2.V10___ 20190825T163346_20190904T163346_20190914T172004_SOUTH_EAST_ASIA___LN2_O_NT._002.SEN3
S3B_SY 2 V10____20190926T120000_20191006T120000_20191007T084850_SOUTH_EAST_ASIA___LN2_O_ST_002.SEN3

Data downloadable at https://scihub.copernicus.eu
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https://scihub.copernicus.eu/

Exploring S3A/B OLCI L-1/L-2 data:

From the folder products exercise,open
the scene:

“S3B OL_1_EFR___ 20191001T023650_2019
10017023950 _20191002T073016_0179_030_
260_2520_LN1_O_NT_002"

« Create and visualize an RGB
composition image (Red: 0a08_Radiance;
Green: Oa06_Radiance; Blue: Oa04_Radiancd )

« Stretch the histogram for a better
visualization in the Colour Manipulation
window

« View image bands and check the spatial
resolution for the radiance bands

Open and explore OCLI L2 product

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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=1 % b’ A S A b o

Product Explorer X< ‘ Pixel Info |

-6 [1S3B_OL_1FFR__ 20191001T023650_2015 ~ | [ i

=B [2]538_0L_2_LFR___20191001T023650_2019

-2 Metadata
- (30 Flag Codings
(3 Vector Data
@A Tie-Point Grids
-3 Bands
] Wy
SR Jelclid
@
L@ oevI_er
-@ oTar
23 Reesl
22 Rcass
22 lambdao
-3 FwHM
-0 solar_flux
Bl altitude
Bl Iatitude
B longitude
- detector_index
[ frame_offset
@ rosF
£} -3 Masks
-E oevi
-B ora
E LosF_mvaLD
[E LosF_wWATER
[E LosF_Lanp
--[E LQsF_cLoup
--[E] LQSF_CLOUD_AMBIGUOUS
[El LQsF_cLoup_MARGIN
[E] LosF_sNow_ICE
[E] LQSF_INLAND_WATER
--[E) LQSF_TIDAL
--[E) LQSF_COSMETIC

® cEPAPP |,




Spatial Subset

H pecify Pr b X
Reduce the spatial extent to focus on Al specify Product Subset

the study area for OCLI L1 & L2 Spatial Subset Band Subset Tie-Point Grid Subset Metadata Subset
products: i '

Fixel Coordinates Geo Coordinates

Specify ‘Spatial Subset’ parameters (as

ShOWI"] in Figure ) Morth latitude bound: 27.465

West longitude bound; 103.334

LI LARIE] LA L3

Save the newly created subset images: _
South latitude bound: 20,043

> subset 0 of S3B OL 1 EFR 201910 S East longitude bound: 113.64 =
01T7T023650_20191001T023950_20191002T07

-

Scene step X: 1P
3016_0179_030_260_2520_LN1_O_NT._002.d Scene step V- E
im Subset scene width: 2399.0
> subset 0 of S3B OL 2 LFR____ 201910 et seene e #0

ource scene width: 4565

017T023650_20191001T023950_20191002T07 Source scene height: 4091
5103 0179 030 _260_2520 _LN1_O_NT_002.d [ Fix full width
. Lse Preview
m [] Fix full height

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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Radiance to Reflectance

From the folder products exercise, open the ?MHIPM Processor x ;?R:“pm Processor
newly created OCLI L1 subset product: 1/ Parameters | processing Parameters 110 Parameters Processing Parameters
“subset_0_of S3B_OL_1_EFR___20191001T023650_ == = (T o :
20191001T7T023950_20191002T073016_0179_030_260 B Copy tie pomnt ancs

2520 _LN1_O_NT_002.dim" m—re P

In the Optical label click on R
Preprocessing/Radiance-to-Reflectance D30T S3erma i prodcts s

B
Open in SNAP -

Processor:
7 Ly (A)

E,(A) cos(8)

RmA (’1) =

Specify ‘Processing Parameters’ (as shown in
Figure)

Save the output product as:

“subset_0_of S3B OL _1_EFR ___ 20191001T023650_

20191001T7023950 _20191002T7T073016_0179 _030_260
_ 2520 LN1_O NT 002 radrefl.dim”

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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subset_0_of S3B _OL_1_EFR 20191001T023650_20191001T023950_20191002T073016_0179_030_260_2520_LN1_O_NT_002.SEN3_radrefl.dim
subset_0_of S3B_OL_2 LFR 20191001T023650_20191001T023950_20191002T075103_0179_030_260_2520_LN1_O_NT_002.dim

Product Explorer >

Pretinre |

&2 [3] subset_0_of _S36_OL_1 EFR___

Metadata
Flag Codings
Vector Data
Tie-Point Grids
Bands

Masks

2015100 1T0D23650_201910017T0)

subset_0_of S38_OL_1_EFR___20151001T023850_2019100170|
subset_0_of S35_OL_2_LFR___20191001T023650_20191001T0

< >

S i e =
Editor: @ Basic (O Sliders () Table 2 B
Colour ramp e}
Gariead from men | ros,

- — =
Display range
Min: Max:
0.156565151 0.519389756
Range from File Range from Data

A More Options @

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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Bands

23 *lambda0*_M

3 *FWHM*_M

3 *solar_flux*_M

[Z3 *Oa*_reflectance*_M

3 *wv=_s

3 *oGvr_s

Ca ~oTci_s

2 *rce681*_S

3 *RC865*_S

[Z3 *atmospheric_temperature_profile*_S
3 *lambda0*_s

3 *FWHM*_S

3 *solar_flux*_S
detector_index_M
altitude_M

latitude_M

longitude_M
frame_offset_M
quality_flags_M

altitude_S

latitude_S

longitude_S
detector_index_S
frame_offset_S

LQSF_S

TP_latitude_S
TP_longitude_S

OAA_S

OZA_S

SAA_S

SZA_S
horizontal_wind_vector_1_S
horizontal_wind_vector_2_5S
humidity_S
sea_level_pressure_S
total_columnar_water_vapour_S
total_ozone_S
collocation_flags

OLCI L1/L2 Collocation

Use the collocation tool to group the L1 (*_radrefl) and L2
OLCI bands in one product with the same spatial resolution
and geo-location

Raster/Geometric Operations/Collocation

Master file:
subset 0 of S3B OL 1 _EFR 20191001T023650 _20191001T023950 20191
002T073016_0179 030 260 2520 LN1_O NT 002 radrefl.dim

Slave file:
subset 0 of S3B OL 2 LFR 20191001T023650 20191001T023950 20191
0027075103 0179 030 260 2520 LN1_O_NT_002.dim

Target file:
collocate_S3B_OL1_OL2_20191001.dim

VVVVVVVVVVYVV[P

Open RGB view using bands 8, 6 and 4

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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Emissivity Calculation using NDVI-THM

Using the collocated product,
start calculating the several
variables needed for the LST
algorithm with the Raster/Band
Maths tool

E Band Maths Expression Editor

Product: | [6] collocate_S3B_ L1 12 20151001

Data sources:

a Band Maths

Target product:

[6] collocate_S36_L1_L2_20191001
Mame: emis_s_S8
Description:

Unit:

Spectral wavelength: 0.0
Virtual {save expression only, don't store data)
Replace MaM and infinity results by

[] Generate associated uncertainty band

Band maths expression:
if (OGVI_S <= 0,15) then (-0.051 * Qa0&_reflectance_M) + 0.98 else 0

Load... Save...

Edit Expression...

OK

Cancel Help

Expression:

-Dall_reflectance M

At

-0al2_reflectance M
-0a03_reflectance M
-0al4_reflectance M
-Dal5_reflectance M
-Dalé_reflectance M

-0a07_reflectance M

& @ @ | |||

RS R TS S R S U

-Dals_reflectance M

(@)

Constants. . . ~

Show bands
Show masks

[] Show tie-point arids
2019 ADVANCED INTERNATIONAL TR

18-23 November 2019 | Chongging, PR L Shew single fiags

Operators. . . L3

Functions. . . w

if (OGVI_S <= 0.15) then (-0.051 *
0a08_reflectance_M) + 0.95 else 0

Cancel

Ok, no errors. IR R B I B

Help

1 MG BEXY



Emissivity calculation using

(NDVI)Thresholds Method

Pv = (OGVI_S-0.15)/ (0.9 - 0.15)
Emissivity for soil pixels
emis_s_S8 = if (OGVI_S <= 0.15) then (-0.051 * Oa08_reflectance_M) + 0.98 else 0
emis_s_S9 = if (OGVI_S <= 0.15) then (-0.032 * Oa09_reflectance_M) + 0.983 else 0
Emissivity for mixed pixels
emis_m_S8 = if (OGVI_S > 0.15) and (OGVI_S < 0.9) then 0.969 * (1 - Pv) + (0.99 * Pv) else 0
emis_m_S9 = if (OGVI_S > 0.15) and (OGVI_S < 0.9) then 0.977 * (1 - Pv) + (0.99 * Pv) else O
Emissivity for vegetation pixels
emis_v = if (OGVI_S >= 0.9) then 0.99 else 0
Total emissivity
emis_total_S8 = emis_s_S8 + emis_m_S8 + emis_v
emis_total_S9 = emis_s_S9 + emis_m_S9 + emis_v
Mean emissivity
emis_mean = (emis_total_S8 + emis_total_S9) / 2
Differential emissivity
emis_diff = emis_total_S8 - emis_total_S9
Water vapour to g*cm?2
water_vapour = IWV_S_S / 10

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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(& @ cSa

Check the newly
calculated values
for water, soil and
vegetation pixels
(display the only
pixels with NDVI
values above/below
a specific threshold)

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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Product Explorer

Pixel Info X

[Eirosim

Image X

1533

Image-Y

Longitude

Latitude

[/ Time.

= Bands
oGvI_S

emis_m_s8

emis_total_56

0.38333)

[l Tie-Point Grids

[ Flags

(] Snap to selected pin

Nevsgation - Cotour -

2 More Options
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Temporal & spatial changes in NDVI

(& @ cSa

. Open the S3 Synergy NDVI files:

Filel: Subset 0_of S3B_SY 2 VI0___20190726T163346_20190805T163346_20190815T172025_SOUTH_EAST ASIA__LN2 _O_NT_002.dim
File2: subset 0_of S3B_SY 2 VI0___ 20190825T163346_20190904T163346_20190914T172004_SOUTH_EAST ASIA__LN2_O_NT_002.dim
File3: subset_0_of S3B_SY 2 VI0___20190926T120000_20191006T120000_20191007T084850 SOUTH_EAST ASIA__LN2_O_ST_002.dim

. Visualize the NDVI images of each file
- Add all images in the time series analysis settings

E Tirme Series Ana et =
Add Graph Show Grid Show Legend
MDVI_changes ~
File Mame Type Acquisition Track Orbit '4}'
subset_0_of S3B_SY_2_V1... |SY_2_V10 25Iul2019 99999 99999 =
subset_0_of 538_5Y_2_V1... |5Y_2 V10 25AUg2019 99999 99999
subset_0_of 538_5Y_2_V1... |5Y_2 V10 255ep2019 99999 99999 =
o
(==
(5
3 Products
Rename .,
£ >

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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Product Explorer X | Pixel Info -

- [1] subset_0_of 53B_SY_2_VI0_ 20130726T16334%,
-0 Metadata
(23 Flag Codings
-0 vector ata
2-& Bands
i E on
@
-0 Masks
[2] subset_0_of S38_SY_2 W10___ 201908257 163346}

w8
(-6 [3]subset 0_of §38_SY_2 V10 20190926T120000

<

Naviga_|Col_ x [uncert_| Worla_|ime _ |

Editor; OBasic @ Siders O Teble

D
o, |,

s
g

Name: NDVI

Uit nul

Vi 0.08

s 0,858
bugh statistis!

Fyp @]
el

Tl

2 wore Optars @

e-3s9e
¥
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Temporal & spatial changes in NDVI  (@¥,..., @esa
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