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BIOMASS

P-Band waves (1=70cm) penetrate the

Scheduled for launch in 2024, ESA’s seventh Earth Explorer vegetation layer down to the underlying
Mission, BIOMASS, will carry the first P-band SAR to be flown in terrain, while giving rise to backscattering

space, to gather fully polarimetric acquisitions over forested from trunks and branches

areas worldwide in interferometric and tomographls\Tnodes — P-Band provides sensitivity to the whole
forest vertical structure, as demonstrated
by 3D tomographic analyses

Mission Objectives
o to determine the distribution of aboveground biomass in the

world's forests ] ] ] L/dar DTM & Forest he/ght
o to measure annual changes in this stock over the period of the

mission
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Vertical sections from AfriSAR (Gabon)




BIOMASS PHASES

BIOMASS will implement two acquisition phases:

o Tomographic phase (first 14 — 16 months): stacks of seven consecutive passes
with a revisit time of 3 days, to provide 3D imaging capabilities with a vertical
resolution of about 23 m at the equator

o Interferometric phase (rest of mission lifetime): stacks of three consecutive
acquisitions (or triplets) with a revisit time of 3 days, ensuring interferometric

global coverage every seven to nine months TomoSAR Pol-INSAR PoISAR
/

all acquisitions are

full-pol @

Height
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BIOMASS LEVEL-2 PRODUCTS

Three primary biophysical products:

Above Ground Biomass (AGB) : dry weight of woody matter per unit area
above the soil including stem, stump, branches, bark, seeds and foliage; it
does not include dead mass, litter and below-ground biomass

Product Resolution Accuracy
< 20%
AGB 200
m (or <10 t/ha for AGB < 50 t/ha)
Biome-dependent, < 30% for
FH 200 m trees higher than 10 m
FD 50 m Detection at a specified level of

significance

Forest Height (FH) : defined as upper canopy height according to the

Frequency and coverage:

o 1 near-global map of
biomass and height from
tomography in first 14
months

o Updated biomass and height
maps and maps of
deforestation from
polarimetry and
interferometry every 7
months for rest of 5-year
mission

= ol = 4 1 =

H100 standard

Forest Disturbance (FD) : defined as an area where an intact patch of
forest has been cleared, expressed as a binary classification

NISAR Coverage e

S =
. A = i - &
;o ey awe ST .
> - T » !
e - ‘._ -
b L A

= s > ‘ "’-"’5;-’;'-‘;”.. S

-—

GEDI Coverage

(50% area) ‘\\ K
> 100 Mg/ha

< 100 Mg/ha

<20 Mg/ha

No Woody Biomass,__

4
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RETRIEVAL OF DTM

o The L2 processor is assumed to ingest phase-calibrated BIOMASS interferometric stacks and accurate
information about sub-canopy terrain topography

o Both these products will be derived through a close interconnection with the BIOMASS interferometric processor

G0
0 E) . o=5.6m o
£ g I Large footprint | §
0 & LiDAR |
Sl
20 = - 2
a
60 220 -10 0 10 20 10 20 30 40 15 10 5 0 5 10 15
40 T , Ground slope [°] Tree height [m] .
= 20 fe L L W LT ' "] TomoSAR DTM [m] LiDAR DTM [m]

o u o T R T llﬂiﬁ“l"“‘b‘ &HII

-20

200 @ 200

SKP tomography:

« Ground and volume are
separated

* The elevation of the
ground can be read in the

0 Nolume tomographic profiles
E 20 {0l e LT | {
E H,.M.ll'y ) |~'.w l' i’l.rw I"!H.\ {'n‘l, 'l.fnl e

1 160 1 160
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80
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40
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1
i
|
|
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PHASE CALIBRATION

BIOMASS interferometric processor

exploit the whole stack to estimate residual ionospheric screens and baseline
errors (relative to one reference image) using multi-squint techniques and
SKP

Vertical Total Electron Content Map
at 29-May-2018 13:45:00 UTC in TECU

g
=
Disturbance Impact at L1 Impact at Tomo & InSAR level ‘3
Background ionosphere + Range shift » Errors in Polarimetry
(CorrectedonL1) + Faraday rotation
120°W  60°W 0° 60°E  120°E  180°
Longitude (deg)
Linear ionosphere phase + Azimuth shift + Coherence loss in interferometric pairs
variations over the synthetic
aperture
Non-linear ionosphere phase |+ Geolocation + Moderate coherence loss in )
variations « Spatial resolution loss interferometric pairs — lonospheric phase screen [deg]
« Radiometric bias E 4 y 7 A ' 400
+ PSLR & ISLR degradation g 200
baseline errors + negligible * phase disturbance and defocusing E 0 // o . 0
o
S 4k : 1 = . -200
-15 -10 5 0 5 10 15

Azimuth [Km]

Radio waves

1000 1400 1800 2200 200 600 1000 1400 1800 2200
slant range [m] slant range [m]
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CORRELATION WITH AGB

Observations

o Correlation of Radar intensity to AGB in tropical forest
improves dramatically by using Tomographic intensity at
30m

o Observed in South American and African sites

30 —]

(Paracou, Nourages, Lope, Rabi, Mondah) 7] [
o Relation between AGB and TomoSAR intensity is i
consistent across all sites 10— 4

il EEss
~ TomoSAR 30 m intensity vs AGB

Tree area (z) vs AGB

1 A\’ -
|
I Ground level B

ﬁ Our conclusions 2 10 kAT A
: > TRt
3 o Scattering from the ground layer acts as a disturbance = sl v ¥
B o . . . w -15 7|
£ factor, as it is strongly determined by multiple reflections, & gyt
@ . . . +
E hence soil moisture, terrain slope, understory, ... |
2 c -
= . . o .
g o For mature tropical forests, the 20-40 m layer is a good 5 1 N s
$ proxy for AGB — Supported by ecological modelling and 5% noobe
— Lidar based analysis : +_ Mondah
T L L LT Po w20 o a0 s
2 In situ biomass 1-ha plots (t/ha)
= Il W 4 JI=E il D == 0 Il ZE = == B m imm %] - THE EUROPEAN SPACE AGENCY



AGB ESTIMATION SCHEME

y
/

A

Stack based processing:

Interferometric ground cancellation applied to each L1
Forest Mask SRR DTM L1C Stacks 9 PP

- AGB et _— stack to attenuate ground contribution in the data
l Stack-based

Phase calibration and Global AGB estimation on map (\Work In Progress):

ground steering

inverts a power-law function relating AGB to ground
cancelled backscatter data trained with external reference
data

A 4

Ground cancellation

\ 4

BIOMASS triplets

1]

Geocoding \ oy dowy -~

h 4

Optimal baseline

ENN Lidwg

estimation

\ J
1 , J |
AGB map J! = +

N ol N 1= oI =

8
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AGB ESTIMATION CONCEPT

o The starting point of the inversion algorithm is the volume+db+soil
+ formalized by the Truong-Loi model

I © This model is considerably simplified when applied to
CoqW OFelpq (6, &, Fa}é 6; exp (— — ) + Tomography data

cos 6;

BPQWﬁPQ)

0 _ a
= A W=erQ 0: 11— -
OpQ PQ cos I’ exp( c0s 0,

For both low and high attenuation this reduces to a power law whose

Bp ) ) ..
Spq(6;, €k, s) eprPQW Q) parameters can be estimated from the data using limited ground
cos b, data:
z, z, z, z, SpQi = log(%’q) = lpg + apow; + NpyC;
+ + ) ' W = AGB
6 = incidence angle
pq = polarization

O—E O—E 0 » l »

Power Power Power Tomo filter

9
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>

ground

Coherent subtraction after phase calibration
and terrain phase compensation

”
”
”
”

rejection of disturbing contributions from
the ground layer

AW W W U U U Y
A W W U W Y Y W Y
| N W W VR W WO W
I R R
7 7 7 7 1 7 7
/7 1 1 v 72 7 7

O emphasis of volume scattering from the

A Y W W W W W WA
A Y W W W U U WA

desired height (according to the baseline)

I notch
Power

O with BIOMASS stack: synthesize optimal
baseline across the swath

o= 0.044582, slope =0.07

Sensitivity to AGB of SLC data

Lnoten = 11 — I

25 3 35 4 45 5

______J

cancels out echoes coming from Om (n - z,,) L e

emphasizes echoes coming from z, /2m (n - zy,)

e SR S
e Cres o

R

= 0.74359, slope = 1.92

5
Sensitivity to AGB of ground-
cancelled data

EE Bm R =S

25 3 35 4 4.5 5




AGB RESULTS FROM CAMPAIGN DATA

o airborne SAR acquisitions from AfriSAR filtered to 6 MHz and multi-looked to mimic
BIOMASS

o topography estimated using tomographic processing, estimated DTM used for the
generation of ground-cancelled SAR images

o > 500 independent tests with different sets of >100 t/ha training areas chosen at
random

o relative RMSD wrt reference ALS data between 18% and 33% at 2.25 ha resolution
in areas with large AGB variability and an average AGB around 200-250 t/ha

o global AGB retrieval is intended to proceed using GEDI as reference

o approach based on region block processing is currently under evaluation

AGB reference [t/ha] AGB est [t/ha]; dsa: 750 [m]
5042 500 5042 500

L]

5041 A #

400

5040 4 .

300 300

5039 -

north [km]
w
S
w
o
north [km]

- 200 5038 A 200

4

5037

100

5036 T T T T T T T 5036 T T T T T T T
4512 4513 4514 4515 4516 4517 4518 4519 4520 4512 4513 4514 4515 4516 4517 4518 4519 4520

east [km] —-0 east [km] —-0

Averaging windows size: 11 [t/ha]

—— MD [t/ha]
—— RMSD [t/ha]
—— Frequency

100

— EHEE II--—=—I II—I-— - IIL\‘VA-- | ' II
-—II--—-I = = —I-—-- 'Alml- _-h*

200 300 400 500
Biomass [t/ha]
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FOREST HEIGHT ESTIMATION SCHEME

PolInSAR inversion: polarimetric-interferometric correlations are linked
(through RVoG model) to forest structural parameters such as forest
Forest Mask DTM L1C Stacks

et - . height, ground-to-volume ratio, temporal decorrelation

i \l, Stack-based
ground & volume are uncorrelated

Phase calibration and ) . volume 4
ground steering Dirac-delta ground reflectivity Vertical
. . flectivit
\l« Polarimetry & Interferometry are independent orofle

Covariance computation
> v
Model inversion
Geocoding

|

>  Combining products

i

Ground ———————> Reflectivity

12
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north [km]

o Based on triplets to mitigate temporal decorrelation

o Exploits previous info from the Tomographic phase
o RMSD values of 20%-30% on higher trees

Height reference [m]

5044

5042 1

5040 1 %

5038 A

5036 A

5032
4510

4512

4514

4516

4518 4520

east [km]
—_— . - ]

4522

T’Obs(Kz: W) = eXpM)O)

Height estimated [m)]

5044
50
5042 -
40
5040 -
30 E /
= 5038/
t ~
o
[ —
L 20
5036
10 5034 -
) 5032
45

10

4512

4516 4518 4520
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4514 4522

— II NPz mm
men R ..I QJ§§ | 1|

YTempV T’VO (KZ) + m(v_v’)
1+ m(w)

fzzo"+hv@xp (ixy z)dz
B w d

Averaging windows size: 1 [m]

T/VO (Kz) =

20

15

10 A

c
vy
°T— mpm 2 %
—— RMSD [m] z7 £
—— Frequency g 2=
_5 T T T T T T T T
0 5 10 15 20 25 30 35 40

Reference Height [m]
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FOREST DISTURBANCE ESTIMATION SCHEME

Forest Mask Previous DTM L1C Stacks Change detection:

- stack historyf/

V. Stack-based o null hypothesis: no change has occurred in a time

series of polarimetric data

Phase calibration and
ground steering |

v o If this hypothesis fails at a given level of
Ground cancellation . -
' significance, then we assume a change has
.
Covariance computation occurred
J o only deforestation is targeted
Geocoding Input COV ABS (layer 1); logged pixels #5401 | FDBP; detected pixels #5913 y
\l( 100 0.4 100 0.8
> Change detection
lacking a ! : - § ‘ |
suitable Combining products g 300 o g o0 "
P-band J /
dataset for 0
. Forest Disturbance
teStIng - r . T T —. 0.0 T ‘ T T — 0.0
0 100 200 300 400 0 100 200 300 400
longitude, samples longitude, samples 14
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SUMMARY AND CONCLUSIONS

BIOMASS L2 processor implements state-of-the art SAR processing techniques that exploit polarimetric and baseline diversity

BIOMASS prototype L2 processor has been completed but the algorithms are still under development in synergy with
operational BIOMASS Processing Suite

A significant challenge is to develop and test algorithms with only a limited set of P-band SAR data with good in situ data
available

This means that only a small set of environmental conditions are represented. The algorithms therefore need to be developed
with flexibility in mind, so they can be adjusted as BIOMASS data become available

As of today, the AGB retrieval algorithm was demonstrated capable of a 20% accuracy with respect to in situ data using only few
“good” reference points, although retrieval accuracy was observed to depend significantly on the quality of the available
reference points

15
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BioPAL iy s
BIOMASS Product Algorithm Laboratory /- -/

C' @ biopalreadthedocs.io

BioPAL Documentation

t | Description goes here.

Qverview
Package BioPAL
Index BioPAL
biopal 0.3.0rc0 '

i documentation
+ | Latestversion

Relessed: e 16,2022 readthedocs
documentation
Product Algorithm Laboratory >>>plp lnStall

Jupyter
Processing results tUtorIaI

pip install biopal &

#
Navigation Project description

i
BioPAL

Run AGB Processor, complete

The following code will run the complete AGB processor, by calling the biomassLz_processer_run
function, which automatically call the APPs in sequence.
] v 37158135

It takes as input: - the path of the Input_File.xml - the folder containing the configuration_File.xml
ts offic ools anc

[from hiopal. main import biomassi2 processor_run
0 4+ M- ;

|_path, *inputs®, “Input_File.xml®) }
sth(biopal_path, “biopal®, "conf") )
BioPA

D S —— Welcome to BioPAL - The BIOMASS Product
U e mmnow e e &/  Algorithm Laboratory

Go to file Add file = Code = TR e

e .
®e emanuelegiorgi Version updated to 0.3.0rc0

g GitHub

. repo

Companion

website

readthedocsyam

COPYRIGHT. txt

Releases

LICENSE

4
MANIFEST ir

an ESA Sponsored project
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BioPAL

BIOMASS Product Algorithm Laboratosy

= Open Source Software Project
= official BIOMASS algorithms

= first time that official algorithms are made publicly accessible

biopal@esa.int

biopal.org @

' ' =)
github.com/BioPAL @

Banda, F.; Giudici, D.; Le Toan, T.; Mariotti dAlessandro, M., Papathanassiou, K.; Quegan, S.; Riembauer, G.; Scipal, K.; Soja, M.; Tebaldini, S.;
Ulander, L.; Villard, L. “The BIOMASS Level 2 Prototype Processor: Design and Experimental Results of Above-Ground Biomass Estimation”
Remote Sensing, 2020, 12, 985.
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