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Goal
Derivation of forest biomass 

from SAR altimeter data 
from the Copernicus 
Sentinel-3 mission

Motivation
• Forest Biomass is an 

Essential Climate 
Variable (ECV);

• Its mapping is crucial for 
conservation of biodiversity, 
sustainable management of 
forests, enhancement of 
forest carbon stocks…

• The existing satellites are 
still inadequate to 
guarantee a frequent and 
accurate mapping and 
monitoring of forest biomass 

Methodology

1. Assessment of global biomass monitoring status and 
user needs;

2. Sensitivity Analysis of the altimeter data wrt biomass;

3. Development of a S3 altimeter backscattering 
simulator over forested areas;

4. Development of suitable inversion algorithms to 
estimate biomass from S3 Data;

5. Generation of biomass estimation prototypes over 
specific areas of Tropical and Boreal Forests

Consortium
Deimos Space UK
University of La Sapienza, Italy
Tor Vergata University, Italy
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Past Studies on Vegetation 
From Altimetry

values of the difference C–Ku ( < 5 dB) correspond to dense
tropical rain forests of Africa, South America and South East
Asia and forest of temperate regions. These regions are
characterized by the smallest STD values ( < 1.2 dB).

For the boreal forest, the mean value is higher (5 and 7
dB) than for other forests, because these regions are subject
to seasonal snow cover and they have the highest values of
the STD (>1.5 dB).

In conclusion, many types of surfaces can be clearly
distinguished using C and Ku bands backscatters and C–

Ku: tropical forests, inundated/non-inundated forests, grass-
land/open woodland, deserts, snow/ice-covered region and
high mountains. The most striking feature is the close
correspondence between these backscatter images and glob-
al vegetation map, for instance the Olson classification
(1992) or classical surface elevation maps. Many spatial
similarities can also be found with the synthesized world
global images of backscattering coefficient provided by the
35-day repeat cycle of the C-band wind-scatterometer on
board ERS satellite (Frison & Mougin, 1996b).

Fig. 1. Global variability of T–P radar altimeter backscatter coefficient from January 1993 to January 2002. (a) Mean value of the backscatter in Ku (dB). (b)

Standard deviation of the backscatter in Ku (dB). (c) Mean value of the backscatter in C (dB). (d) Standard deviation of the backscatter in Ku (dB). (e) Mean

value of the difference in backscatter C–Ku (dB). (f) Standard deviation of the difference in backscatter C–Ku (dB).
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Figure 4. Maps of mean difference and RMSE of backscattering coefficient (Ice-1 retracking algorithm) between bands 
from a) and c) ENVISAT at S- and Ku-bands (05/2002-01/2008, cycles 6-64), b) and d) Jason-2 at C- and Ku-bands 

(08/2008-02/2016, cycles 1 to 259) respectively. 

 
 
6. CONCLUSION 

The altimeter backscattered responses at Ka-, Ku-, C- 
and S- bands and the C-Ku and S-Ku differences exhibit 
a wide range of spatial and temporal variations over 
land surfaces. The backscattered energy by each surface 
can be related to its soil roughness and soil dielectric 
constant and their variations against time. This study 
points out the interest of using nadir-pointing radar 
observations for the monitoring of land and ice sheets 
surfaces and their temporal evolution. If the use of radar 
altimetry for the monitoring of land surfaces currently 
suffers from its low spatial and temporal resolutions, the 
launch of the Surface Water and Ocean Topography 
(SWOT) mission in 2020 will permit to overcome the 
limitations. Using the SAR interferometry technique at 
near nadir incidences, SWOT will provide 
backscattering coefficients in a swath of ~120 km with a 
spatial resolution of 100 m over land. 
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dev (right) of 
backscatter C – ku
from Topex-
Poseidon (1993 -
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dev (right) of 
backscatter C – ku
from Jason-2 
(2008 - 2016)
From [Blarel et al., 
2016] 

Global Map of Above Ground Biomass

Background
Previous studies have 

demonstrated the correlation 
between radar altimetry 

backscatter over land and a 
variety of land parameters, 

including vegetation 
parameters

4. Seasonal anomalies and temporal signatures. Trends
for 9 years

4.1. Seasonal signals at a global scale

The seasonal signals were computed using 332 cycles of
T–P, from 1st January 1993 to 1st January 2002 and are
namely referenced to the seasons of Northern Hemisphere.
The mean winter signal is the difference between the mean
value of all the cycles during the winter period of the
Northern Hemisphere (we chose data of T–P cycles from
December, January and February for every year from 1993
to 2002) minus the mean value calculated over the same 332
cycles of T–P. We processed the different seasons in the
same manner as the winter season, selecting the March,
April and May data for spring (not shown), June, July and
August for summer, and September, October and November
for autumn (not shown).

To introduce seasonal signals at the global scale for
backscatter in Ku and C–Ku, a North–South latitudinal
transect of the African continent was primarily chosen to
show spatial and temporal variations along a surface gradient
from desert to forests. The transect starts at latitude 28jN to
28jS at longitude 20jE. Results are shown in Fig. 2 for the
averaged winter period (December, January, February for the
332 cycles of T–P) and the summer period (June, July,
August). As expected, deserts and areas of dense tropical
forest present a very stable Ku and C–Ku backscattering

coefficients throughout the year. On the contrary, the north
and south Savanna areas exhibits typical temporal signatures
which can be related to the vegetation cycle and rainy
seasonal cycle that modifies soil wetness (thus inverted when
looking at the north and south parts of the transect).

At the global scale, the winter and summer signals shown
in Fig. 3 for the backscatter in Ku (a, c) and C–Ku (b, d)
show a strong zonal dynamic and exhibit such same
behaviors for surfaces types closed to the ones encountered
over the transect. This is particularly the case for regions
ranging from 20jN to 20jS in latitudes for the Amazonian
and Southeast Asian regions (dense tropical forests, savan-
na, inundated monsoon forest) and desertic areas, with a
symmetrical opposite signal from the equator.

However, the greatest variability for Ku is for the latitude
up to 55jN, with winter anomaly values for the boreal
regions that reaches more than ! 4 dB. This signal corre-
sponds to the presence of snow and will be further explained
in detail in Section 4.2.1. For C–Ku, the winter anomaly
has globally positive values over 1 dB attributed to the
difference of penetration between both bands, since the
snow cover attenuation is less for C than for Ku band.

4.2. Temporal signatures of backscatters for selected sites.
Discussion of results

The temporal variations of T–P backscatters are now
examined for selected sites with various surfaces types. The

Fig. 2. Latitudinal transect over the African continent from 28 North to 28 South at longitude 20 East. Top: Mean values of the backscatter in Ku band (dB), for

boreal winter period (+, December, January, February) and boreal summer period (June, July, August). Bottom: Mean values in C–Ku band (dB), for the boreal

winter period (+, December, January, February) and boreal summer period (June, July, August).

F. Papa et al. / Remote Sensing of Environment 87 (2003) 136–147140

C band and ku band backscatter difference from a 
T-P transect overpassing Africa [Papa et al., 2003]

ALBIOM Innovation
It’s the first time that a
biomass retrieval is attempted
from Sentinel-3 altimetry
data;

For the first time a Sentinel-3
SAR altimeter backscattering
simulator over vegetated
areas will be developed
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Example for 
Zambia/Congo/A
ngola region 

Main Study Areas

Gabon

Congo/
Zambia

Amazon 
Basin
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Methodologies
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Sensitivity Analysis
• Multivariate correlation Analysis of Level 2 radar backscatter coefficients from different retrackers (Ocean, 

Offset Centre of Gravity, Ice…) versus biomass, and also other land parameters (e.g. topography, Land 
cover, soil moisture, precipitation…);

• Analysis of L1 altimetry waveforms: Quality Control Filter on Waveforms/data, and waveform reprocessing 
using the ESA GPOD SAR Versatile Altimetric Toolkit for Ocean Research and Exploitation (SARvatore);

Simulation Approach
• Modelling the coherent and incoherent surface scattering from the soil, and the volume scattering, with the 

most suitable EM approximation depending on scatterer shape, dimensions and frequency;

• Identification of driving vegetation parameters in the altimetric backscattering, and validation through 
experimental data.

Algorithm Approach
• Development of a simpler semi-empirical model function, with inputs given by the most suitable 

observable(s) from S3 data plus auxiliary data (topography, soil moisture…), by combining the simulator 
outputs and the results of the sensitivity analysis;

• Development of a more complex approach using Artificial Neural Networks (ANNs)
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Sensitivity to biomass: Preliminary Results
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Percentage of available 
values over the orbitOCEAN tracker, along-track smoothing using a 20 sample running average

Difference between Normalised Radar Cross Section (NRCS) computed for C 
band and for Ku band,– 1 Hz data, orbit no. 99, Central Africa
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Effect of topography
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Ø An example of a 20 Hz backscatter 
coefficient obtained from the Offset 
Centre of Gravity (OCOG) retracker, 
versus collocated biomass;

Ø The observable decreases for 
increasing surface mean slope  
derived from SRTM 90m DEM

Ø A decrease in the order of  
almost ~17 dB can be 
appreciated over the interval 0-
3 deg mean slope

Ø It is clear that the topography 
affects the signal in a manner 
comparable to biomass

Ø A retrieval algorithm will need 
to take topography (and 
possibly other land parameters) 
into account
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Tor Vergata Model for Backscattering Simulations
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Examples of vegetation as
represented by the model

Crown (branches and needles)

Trunks

Soil

Stems

Leaves 

Volume scattering and Surface scattering

svol : ssoil inc : IEM,SPG,GO
Leaves, Needles ssoil coh : Coherent contribution (Comite et al., 2019)
• Rayleigh Gans
• Physical Optics
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C-band

Peak s0 is due 
to the ground.
It is lower for 

higher biomass

Peaks moves to the left
due to larger and shorter
trees wrt to left case (for 

the same biomass)

Peak s0 is related to 
biomass and forest
type (allometric
equation)
Peak position is
related to forest type
(allometric equation)

Backscatter Simulations – Preliminary Results

Ku-band
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“Keep Home” Message
• ALBIOM will derive a forest biomass 

product from Sentinel-3 SAR altimetry 
data, using a modelling component and an 
algorithm component;

• Preliminary investigations indicate that the 
land backscatter coefficient is 
influenced by biomass, but…

• The influence varies depending on the 
geographical location;

• The signal is also affected by other land 
parameters, and certainly by topography

• Some of the radar waveforms falls out of 
the tracking window: these need to be 
automatically detected and filtered out

Future Work
• Consolidate sensitivity analysis:

• Filter out the “bad” data, i.e. data contaminated by 
water, or too noisy, or where signal is out of the 
tracking window;

• Choose between existing L2 backscatter coefficients, 
or define our own observable from the L1 
waveforms;

• Evaluate whether it’s better to work with 20 Hz or 1 
Hz data

• Implement a multivariate regression of observable 
as a function of biomass and surface slope as a 
minimum

• Continue the model development

• Consolidate the vegetation model for the altimetric 
backscattering, determine the driving land 
parameters, and validate with experimental data

• Begin the algorithm development

• Develop and test a simple model function for 
retrieval, and prepare for the more complex ANN 
approach
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Thank you for having viewed the slides! 
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For further info on the ALBIOM Project you could:

Write to me: maria-paola.clarizia@deimos-space.com

Or visit https://eo4society.esa.int/projects/albiom/

http://deimos-space.com
https://eo4society.esa.int/projects/albiom/

