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1 Exercise outline

In this exercise we will learn how to use Sentinel-3 Level 1B data products

— full resolution, geo-located, radiometric measurements:

We will convert radiation values to reflectance values, as these are
input data into other algorithmes.

We will perform resampling of bands to the same pixel size.
Then, we will perform reprojection to WGS 84, UTM Zone
according to the image location.

Bands S2, S3 and S9 will be used to create a cloud mask, which is
a crucial step in the processing since clouds can be detected as
false positive fire pixels in passive RS.

Level 1B of the product contains cloud masks, which use an
algorithm to flag positive cloud pixels rather than dense smoke.

In the final step, F1 and F2 bands will be used to detect active fires.
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2 Active Fire detection using Sentinel-3

Data from RS can play an important role in planning for and responding to
wildfires on forest lands. Such data and derived products on tree cover,
species, and volume/biomass estimates can be used to input spatially
explicit fire load models. Once a wildfire becomes active, imagery acquired

near real-time can be critical to fire management and control efforts.

In 2021, catastrophic wildfires hit Australia, resulting in loss of human and

animal life, property damage, economic loss and damage to infrastructure.
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2.1. Study area and image download

In this exercise, we will use 2 images from Sentinel-3 satellite, product line
SL1_RBT, which detected active fires on 29.01.2020 at 22:55 (night image)
and 30.01.2020 at 12:53 (day image).

These images can be downloaded from the Copernicus Open Access Hub.

S3B_SL_1_RBT_20200129T225526_20200129T225826_20200812T141213_01
80_035_058_3600_LR1_R_NT_004

S3B_SL_1_RBT_20200130T125320_20200130T125620_20200812T142406_0
179_035_066_5400_LR1_R_NT_004

[Attps//scihub.copernicus.eu/dhus/#/home]

VRV 2EE T A0l e @ DEED
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Sentinel-3 SLSTR image:

e SLSTR - Sea and Land Surface Temperature Radiometer
e Nadir and oblique view
e 9 spectral bands:
o S1toS5-0.5km grid
o S6 to S9 and F1 and F2 (fire bands) - Tkm grid with extended
dynamic range so they are able to detect high temperature
objects - i.e. active fires up to 650 Kelvin without saturation with
sub-pixel accuracy.

Band Acentre Width Function Comments Res.
(ym)  (um) (m)

S1 | 0555 @ 002 | Cloud screening, vegetation Visible Solarreﬂeclance
monitoring, aerosol Near IR bands

S2 | 0659 @ 002 | NOWVI, vegetation monitoring
aerosol

S3 | 0865 @ 002 ' NDWVI, cloud flagging, Pixel co-
registration

S4 1375 0015 Cirrus detection over land Short-

Wave IR
S5 1.61 0.06 Cloud clearing, ice, snow

vegetation monitoring

S6 225 0.05 Vegetation state and cloud

clearing
S7 374 0.38 SST,LST, Active fire hermal infra-red Ambien
bands (200 K - 320 K)
S8 | 1085 09 SST.LST, Active fire
S9 12 1 SST LST
F1 34 0.38 Active fire Thermal infra-red fire emission
: bands
F2 | 1085 09 Active fire

2.2. Image pre-processing

Radiation is the amount of radiation coming from the sensing area. The
upper atmosphere reflectance (or 7Top Of Atmosphere reflectance) is the
reflectance measured by a sensor flying higher than the Earth's
atmosphere. These reflectance values will include the effect from clouds

and atmospheric aerosols and gases.
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Radiance = pixelValue * cos (radians(incidenceAngle)) * solarlrradiance *

scale/ (* dy)

where:
d>=1.0/ U (the sun-earth distance)

solarirradiance =the mean solar exoatmosphericirradiances for each
band

scale =1/(0.001*1000) =1 (default)

In the case of a day image, it is necessary to convert the radiance values to
reflectance values.

Optical Radar Tools Window Help

L  Spectrum View @ I@ @

Spectral Unmixing

ALY ¥ X

Geometric

Preprocessing Masking »

OLCI 024 Harmonisation
MERIS Radiometric Correction

Thematic Land Processing

woow e e

Thematic Water Processing

_NT_004.5EN3_radrefl Radiance-to-Reflectance Processor

Reflectance to Radiance
OLCI PPE Filtering
Rayleigh Correction

B Radiance-to-Reflectance Processor

File Help

1/0 Parameters Processing Parameters

Sensor: ELSTR. 500m

Conversion made: |RAD_TO_REFL
Copy tie paint grids
Copy flag bands and masks

Copy non spectral bands

e

Then, we can do resampling to the same pixel size using Raster- Geometric
- Resampling.
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Product Explﬂ-rer o | Pixel Info Raster Optical Radar Tools Window Help

Bands
iy

-8

E Resampling
File Help

10 Parameters Resampling Parameters

Band Maths... @ @ IJ"U_V, E, z % E‘

| 033_378_2340_LR1_R_NT_004.5EN3
| 033_385_0540_LR1_R_NT_004.5EN3
| 034_007_2340_LR1_R_NT_004.5EN3

Subset... | 034_021_2340_LR1_R_NT_004.5EN3
DEM Tools >
Geometric 4 Level-3 Binning
Masks 4 Mosaicking
Data Conversion * Reprojection
Image Analysis * Resampling
Classification ’ GeFolki Co-registration
I ¥
Segmentation Multi-size Mosaic
Export *

Collocation
Bands extractor

Define size of resampled product

By target width and height:

By pixel resolution {in m):

() By reference band from source product: | 51_reflectance_an ~

pro_bab_lhty_doud_dual_ln v

Define resampling algorithm

[[] Advanced Method Definition by Band

Resample on pyramid levels (for faster imaging)

Resulting target wi
Resulting target height:

Upsampling method: MNearest ~
Downsampling method: First -
Flag downsampling method: First -

th:

In the next step, we will Make a reprojection to WGS 84, UTM zone 55 South

for the region of Australia.

Band Maths... @ @; I&\{

2%

| 033_378_2340_LR1_R_NT_004.5EN3
| 033_385_0540_LR1_R_NT_004.SEN3

Geo-Ceding Displacement Bands... | 034_007_2340_LR1_R_NT_004.5EN3

Subset... | 034 021 2340 LR1 _R_NT_004.5EN3
DEM Tools ¥
Geometric * Level-3 Binning
Masks » Masaicking
Data Conversion > Reprojection
Image Analysis > Resampling
Classification G GeFolki Co-registration
I »
Segmentation Multi-size Mosaic
Export >

Collocation
Bands extractor

Close

File Help

1f0 Parameters Reprojection Parameters

Coordinate Reference System (CRS)

(®) Custom CRS
Geodetic datum: | World Geodetic System 1984 w
Projection: UTM Zone ~
D —— rojection Parameters...
mw Zone - Par. I
(O) Predefined CRS Select...
O Use CRS of HTE =
Hemisphere: South |
Qutput Settings
Preserve resolution Cancel rids
Qutput Parameters...
[[] Add delta latflon bands Resampling method:  Mearest ~
Output Infarmation
Scene width: 1501 pixel Center longitude: 144°3302°E
Scene height: 1326 pixel Center latitude: 32°58'19"5
CRS: UTM Zone 55, South [ World Geodetic System 1984 Show WKT
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Then, we will create a subset by setting the active window:

Raster Optical Radar Tools Window Help E

Band Maths...
Filtered Band...

b Subset...
DEM Tools
Geometnic
Masks
Data Conversion
Image Analysis
Classification
Segmentation
Export

Bands extractor

Spatial Subset  Band Subset Tie-Point Grid Subset Metadata Subset

=

[ Reference Band: x_an -
r Pixel Coordinates  Geo Coordinates
I Scene start X: 1,420 1=
[ Scene start Y: 543 5
I Scene end X: 1,588
I Scene end Y: 7305
»
Scene step X: 15
» Scene step ¥: 15
» | Subset scene width: 169.0
£ i Subset scene height: 188.0
* Source scene width: 3000
3 Source scene height: 2404
[ Fise full width
» Use Preview
[ Fisx full height
* v
# Estimated, raw storage size: 61.3M
Cancel Help

200129T 200812T141213 0180 035 058_3500 LR1 R_NT 004
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2.3. Processing the image

Open the visible and near-IR and shortwave IR band product.

H Select RGB-Image Channels >
Profile:

v\l B W
Red:  |§2.53_reflectance_an | an
Green: |§2.52_reflectance_an ~ | fan
Blue:  |$2.51_reflectance_an | an

Expressions are valid

[] Stare RGE channels as virtual bands in current product

Cancel Help

We use a test to create a cloud mask for the time of day, employing an
algorithm combining spectral reflectance bands with wavelengths of 0.65
MM and 0.89 um and applying thresholds of 0.7 and 0.9 to exclude cloud
pixels and a thermal band of 12 pum. Two theorems are established where

each pixel is tested to see if it falls within the specified values. If it does, the

pixel is determined to be a "cloud".

+ We will use simple cloud test developed for daytime fire
detection by Giglio et al. (2003b).

{(Poss + Pose > 0.9) OR (T, < 265 K)}
OR
{(Poes + Pose > 0.7) AND (T, < 285 K)}

* Where, p, and T, correspond to reflectance and thermal
bands (brightness temp.) at certain wavelength (A [um]).

* Brightness temperature — the temperature (K) of a black
body “emitting” the same amount of radiance as the target
pixel
Source: ESA, https//www.youtube.com/wa tch?v=[ WiXEsLHaE&t=3000s
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The S3 thermal bands indicate the brightness temperature of the reflected
radiation, which is converted to the temperature that would be produced

by a blackbody. The value of T:;is in Kelvin.

Then, we will use BandMath: cloud_mask

Product Explorer = | Pixel Info |

- [153.5. 1 RET__ 20200129T225526_20200129T225826_20200812T141213 0180_035_058 3600_LR1 R_NT 004 reprojected
=] = _1 RET___ 20200129T225525_20200129T225825_20200812T141713 0180_035_058 3500 _LR1 R_NT_004 reprojected_radref

B Band Maths x

Target product:
[7] 536_5L_1_RBT. (2001797225526 _20200129T225826_20200812T 141213_0180_035_058_3600_LR1_R_NT_004_reprojected_radrefl

MName: cloud_mask]

Description:

Unit:

Spectral wavelength:| 0.0

virtual (save expression only, don't store data)

Replace MaM and infinity results by NaN

[[] Generate assodated uncertainty band

Band maths expression:

Load... Save... Edit Expression. ..

Cancel Help

Cloud_mask for day image:

Data sources: Expression:
pixel_io ~ @+@ (S2_reflectance_an + 33_reflectance_an)= 0.9 or 39_BT_in = 265 ar
scan_io a-a ((S2_reflectance_an + S3_reflectance_an) = 0.7 and 59_BT_in = 285)
S7 BT in
S57_BT io e'a
58_BT_in @@
58_BT_io @
S9_BT_in Constants... ~
59 BT io w 7 :
perators... V

Shaw bands

Functions... ~
Show masks

Show tie-point grids

Ok, no errars.

Cancel Help

[ show single flags
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Cloud_mask for night image:

E Band Maths Expression Editer

X
Data sources: Expression:
S9_BT_in ~ @+ @ 59_BT_in = 265
59 BT io
== @-@
w_tx
*
b 2@
latitude_tx @/ @
longitude_tx (@)
sat_azimuth_tn ey -
sat_path_tn
Operators... ~
Show bands
Functions... ~
Show masks
Show tie-point grids

[ show single flags

Ok, no errors.

Cancel Help

And the resulting cloud mask should look like:

The blue curve in the next figure shows the radiation of the Earth and the
green curve shows the radiation of burning vegetation. The plot shows the

significant difference between the two types of radiation at wavelengths of
3.74 um and 10.85 pm.
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= Active fire signature is the result of the large difference in blackbody
radiation at 4pm and 11pm emitted at vegetation combustion temperatures

100000 =

Image:

100 s

* Earth ambient temperature
(300 K) and a range of possible [
vegetation fire temperatures
(650 — 1400 K).

* The approximate central
wavelengths of the Sentinel-3
SLSTR MIR (3.74pm) and TIR
(10.85pm) channel are also
indicated.

Speciral Radiance (W/im&srium)
=
(=]
" s oo
T

1 2 3 4 5 g 7 B 9
Wavelength (pm)

o 11 12 13 14

Credits: Sentinel-2 Active Fire: Fire Detection and Fire Radiative Power Assessment (ESA)

Source: ESA, https.//www.youtube.com/watch?v=l_ WiXEsLHa E&t=3000s

Now, we will open of the CCl Land Cover 2015 layer - classified land cover

map:

CCl_land_cover_2015 land cover contains classes of trees, shrubs and plants

Band Maths...
Add Elevation Band
Add Land Cover Band

¥ | Group MNodes by Type
Open RGE Image Window
Open H5V Image Window
Close Product
Close All Products
Close Other Products

Save Product

E Add Land Cover Band

Land Cover Model:

AAFC Canada 2017 Crop A
AAFC Canada 2018 Crop

AAFC Canada Clay Pct

AAFC Canada Sand Pct

CCILandCover-2015

GLC2000

GlobCover

JaxaForestMap-2016

MODIS 2007 Tree Cover Percentage

MODIS 2010 Tree Cover Percentage b

Resampling method:

Save Product As...
NEAREST_MEIGHBOUR. e
£ LS Integer data types will use nearest neighbour
Copy Ctrl+C Land cover band name;
Ctrl+V land_cover CCILandCover-2015
Delete
Properties Cancel

that are included in the computational algorithm.
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https://www.youtube.com/watch?v=l_WiXEsLHaE&t=3000s

Label Colour Value Freque... E) Mot | a1 Pl L LB
, \ 110 Mosaic herbaceous cover (... _ 110 | 0.000%
ONodata 0 | 0.000%)| ke | 2692%
10 Cropland, rainfed |10 | 0.000%] 151 Shrubland evergreen | 12! 0.000%
:; ?E’ba“’:h‘T“e’i 1'3 | g ggg‘i 122 Shrubland dediduous (N 122 | 0.000%
ree or shrub cover J | 0.000°% . 1 000%
20 Cropland, irrigated or post?... | I 20 0.000% ﬁ%ﬁﬁnd P |% %7‘;
30 Mosac aoplend (>30%) /.. 130 | 0.00%| [155soarse vegetaton Gt sl 15 | 0.000%]
40 Mosaic natural vegetation (... [ 40 | 0.000%| [1575parse vee (<15%) [ 151 | 0.000%)
50 Tree cover, broadeaveg, e...| ; %0 0.000% [152 Sparse shrub (<15%) [ — '—lesz [ 0.000%
0 Tree cover, broadeaved, d.. [N 50 | 0.000%] (155 cparse erbaceoscover o [ 153 | 0.000%
|

1 Tree cover, broadleaved, Jﬂ_& 0.000%§ 160 Tree cover, fiooded, fresh |—|150
2 Tree cover, broadieaved, d... [T 62 | 5.705% 170 Tree cover, flooded, sain.., I_|17|3 175 5.668%)
70 Tree cover, needleleaved, ... |_|?0 10.054%§l 180 Shrub or herbaceous cove... 180 0.000%
71 Tree cover, needieleaved, ... |—i71 2.492%0 1190 Urban areas 190 0.000%
72 Tree cover, needleleaved, ... | NN 72 0.000%} |200 Bare areas [ Jeo0 | 0.000%
B0 Tree cover, needieleaved, ... | I 30 0.000%} |201Consolidatedbareareas || |201 | 0.000%

0.000%

B1Tree cover, needeleaved, ... [N 8! | 0.000%} (202Unconsoldatedbareareas | 202 | 0.000%
[82 Tree cover, needeleaved, ... | 52 0.000%}f |210 Water bodies I 20 | 0.000%
Tree cover, mixed leaf type... 0.000%} 220 Permanent snow andice | 220 0.000%

Now, we can open all 4 products, and display them all together by

horizontal tiling:

e Cloud mask, land cover CCA, FI_BT_in and F2_BT_in
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2.4. Detecting fire

For the fire detection, we will use BandMaths for day and night image:

BandMath: fire_detection_LC for day image:

F1_BT_fn > 325 and (F1I_BT_fn- F2_BT_in) > 18 and cloud_mask == 0 and
'land_cover_CClLandCover-2015' >= 50 and 'land_cover_CClLandCover-2015'
<=130

BandMath: fire_detection_LC for night image:

F1_BT_fn > 315 and (FI_BT_fn- F2_BT_in) > 15 and cloud_mask == O and
'land_cover_CClLandCover-2015' >= 50 and 'land_cover_CClLandCover-2015'
<=130

These BandMaths are based on determining the condition for active fire

pixel detection on all 4 data products:

DAY NIGHT
Initial test T%> 325K T,>315K
Eliminate warm (To=Tp)> 18 K (T =Tos)> 15 K
background ¢ W

Eliminate clouds cloud _mask== cloud _mask ==

'land_cover_CCiLandCover- |'land_cover_CCilandCover-
Eliminate non-forest | 2015' >= 50 and 2015' >= 50 and
pixels 'land_cover_CCiLandCover- |'land_cover_CClLandCover-

2015' <= 130 2015'<=130

Source: ESA, https.//www.youtube.com/watch?v=l_ WiXEsLHa E&t=3000s

Now we can create an active fire detection mask.
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B Band Maths X

Target product:

[3]1538_5L_1 RET 9T225526_20200129T225826_20200812T141213 0180 035 058 3600 _LR1 R_NT_004 reprojected_radrefl_resampled -
Name: fire_detection |

Description:

Unit:

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

[[] Generate associated uncertainty band

Band maths expression:

Load... Save... Edit Expression...

Cancel Help

By determining the condition for finding pixels of active fire:

E Band Maths Expression Editor >
Data sources: Expression:
temperature_tx & @+ @ F1_BT_fn = 325 and (F1_BT_fn- F2_BT_in) = 18 and cloud_mask == 0 and
thermal_radiation_bc_time_1_tc o ‘land_cover_CClLandCover-2015" == 50 and ‘land_cover_CClLandCover-2015"
thermal_radiation_tx_time_2_tx ==130|
thermal_radiation_tx_time_3_tx e
thermal_radiation_tx_time_4_tx @/@
thermal_radiation_tx_time_5_tx @)
total_column_ozone_tx e -
total_column_water_vapour_tx
Operators... ~

u_wind_tx_time_1_tx
u_wind_x_time_2_x Enchone =
u_wind_tx_time_3_tx
u_wind_tx_time_4_tx
u_wind_tx_time_5 tx
w_wind_tx_time_1_tx
wv_wind_tx_time_2_tx
v_wind_tx_time_3 tx
wv_wind_tx_time_4_tx
w_wind_tx_time_5_tx

cloud_mask
land_cover_CClLandCover-2015
F1_exception_fn_ISP_absent
F1_exception_fn_pixel_absent
F1_exception_fn_not_decompressed
F1_exception_fn_no_signal
F1_exception_fn_saturation
F1_exception_fn_invalid_radiance
F1_exception_fn_no_parameters
F1_exception_fn_unfilled_pixel
F1_exception_fo_ISP_absent
F1_exception_fo_pixel_absent
F1_exception_fo_not_decompressed

F1_exception_fo_no_signal w
Show bands
Show masks

Show tie-point grids

Ok, no errors.

Cancel Help

[] show single flags

2.5. Visualisation of results

By opening the resulting image we can display active fire pixels and export

it to *kmz or GeoTIFF format.
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Geometry from WKT

Export Mask Pixels

Export View as Google Earth KMZ
Export View

Export Colou s File
Export Colour Legend os Image
Spatial Subset from View...

Copy Pixel-Info to Clipboard

The resulting QGIS display with pixel location of the active fire on a given

day and the comparison with the Sentinel 3 satellite imagery.

THANK YOU FOR FOLLOWING THE EXERCISE!
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