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Sentinel-3 Sensors



Ocean and Land Colour Instrument: OLCI



Ocean and Land Colour Instrument: OLCI



OLCI product types



Example: Sentinel-3A/B products



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



Definition of Emissivity

Land surface emissivity retrieval from satellite data; Li et al., 2013, IJRS, http://dx.doi.org/10.1080/01431161.2012.716540



(NDVI)Thresholds Method

Where NDVIs=0.15 and NDVIv=0.9 are reference 
values of NDVI for bare soil pixels and fully 
vegetation pixels

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: 

where ρred is the reflectance at the red band, εs = and 
εv = 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



Exercise data

Sentinel-3B L1 and L2 images
S3B_OL_1_EFR____20191001T023650_20191001T023950_20191002T073016_0179_030_260_2520_LN1_O_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

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
1001T023950_20191002T073016_0179_030_
260_2520_LN1_O_NT_002”

• Create and visualize an RGB 
composition image (Red: Oa08_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



Spatial Subset

Reduce the spatial extent to focus on 
the study area for OCLI L1 & L2
products:
Specify ‘Spatial Subset’ parameters (as 
shown in Figure )
Save the newly created subset images:
 subset_0_of_S3B_OL_1_EFR____201910
01T023650_20191001T023950_20191002T07
3016_0179_030_260_2520_LN1_O_NT_002.d
im
 subset_0_of_S3B_OL_2_LFR____201910
01T023650_20191001T023950_20191002T07
5103_0179_030_260_2520_LN1_O_NT_002.d
im



Radiance to Reflectance

From the folder products exercise, open the 
newly created OCLI L1 subset product: 
“subset_0_of_S3B_OL_1_EFR____20191001T023650_
20191001T023950_20191002T073016_0179_030_260
_2520_LN1_O_NT_002.dim”

In the Optical label click on 
Preprocessing/Radiance-to-Reflectance 
Processor:

Specify ‘Processing Parameters’ (as shown in 
Figure)
Save the output product as: 
“subset_0_of_S3B_OL_1_EFR____20191001T023650_
20191001T023950_20191002T073016_0179_030_260
_2520_LN1_O_NT_002_radrefl.dim”



Open RGB window using band 8,6,4 
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



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
002T075103_0179_030_260_2520_LN1_O_NT_002.dim

Target file:
collocate_S3B_OL1_OL2_20191001.dim

Open RGB view using bands 8, 6 and 4 



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



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 0

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*cm2
water_vapour = IWV_S_S / 10



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



Temporal & spatial changes in NDVI

• Open the S3 Synergy NDVI files:
File1: Subset_0_of_S3B_SY_2_V10____20190726T163346_20190805T163346_20190815T172025_SOUTH_EAST_ASIA___LN2_O_NT_002.dim
File2: subset_0_of_S3B_SY_2_V10____20190825T163346_20190904T163346_20190914T172004_SOUTH_EAST_ASIA___LN2_O_NT_002.dim
File3: subset_0_of_S3B_SY_2_V10____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



Temporal & spatial changes in NDVI

• Move the cursor 
over the image 
and observe the 
changes in 
graph.

• The graph shows 
the changes in 
NDVI for each 
pixel in the 
image you click
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