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ESA’s satellite programs
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1. ESA’s 7t Earth Explorer Mission

An interferometric, polarimetric P-band
SAR

3. To be deployed in Space in 2021
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What is Biomass about

Forest biomass Forest helght

IflaL

l.'Q A

ESA UNCLASSIFIED - For Official Use Klaus Scipal | ESTEC | 30/01/2017 | Slide 4

—_— 0] e == & - ] == : ® = = ai] lw| European Space Agency


Presenter
Presentation Notes
BIOMASS will produce a series of global maps of forest biomass, forest height and forest disturbance at a precision, accuracy and resolution that will revolutionise our knowledge of the biosphere, its dynamics, and its interactions with the atmosphere. 
Specifically, these maps will help answer an urgent question: “What is the role of biomass in the global carbon cycle?”
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Fate of Anthropogenic CO, Emissions
(2002-2011)
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Global Carbon Project, 2012
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Presenter
Presentation Notes
For the current carbon cycle, we know with reasonable accuracy the rate of global fossil fuel burning, the growth of the atmospheric CO2 pool, and the oceanic sink of carbon.
However, the land use change flux, the net of deforestation and forest regrowth, is poorly known. Nearly all the land use change flux is located in the tropics. 
And the terrestrial sink is determined as the residual of the other components. Thus it is not directly measured at all. 
BIOMASS is focused specifically on quantifying changes in terrestrial biomass to resolve these uncertainties, and on identifying terrestrial carbon sources and sinks in time and space
Forest biomass is a key component of the carbon cycle. Biomass is 50% carbon. Most aboveground biomass is held in forests, and the majority of these are in the tropics.
Forest biomass is poorly known, and thus a major source of uncertainty in carbon flux estimation. Addressing these carbon knowledge gaps is crucial because carbon is the fundamental unit of life, of energy, of climate and of pollution.
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Beyond Carbon: Changes in forest affect the \\ﬁ\\resa
benefits we gain from forests
Changes in forest have major
effects on the socio-economics,
material, energy, protective,
biodiversity & cultural benefits
offered by forests
Trends in woo removals, m o
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Required measurement properties

1. The crucial information need is in the tropics:
deforestation (—95% of the Land Use Change flux)
regrowth (—=50% of the global biomass sink)

2. Biomass measurements are needed where the changes occur and at the
effective scale of change: 4 hectares

3. A biomass accuracy of 20% at 4 hectares, comparable to ground-based
observations

4. Forest height to provide a further constraint on biomass estimates
5. Detection of deforestation at 0.25 ha

6. Repeated measurements over multiple years to identify deforestation and
growth

AL B wd- 0
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Presenter
Presentation Notes
To meet the objectives of the mission there are several measurement requirements.
-The mission must resolve the tropical biomass question and so be capable of monitoring these high biomass stands.
-The appropriate resolution is 4 ha, a scale at which ground data are reliable and available, and the key scale of landscape heterogeneity.
-The accuracy must be 20% for biomass, comparable to field observations.
-Height must also be measured as a further constraint – field data show height is correlated with biomass.
-Deforestation detection, at finer scales than the biomass product, will provide further information for understanding biomass change.
-The mission must run for multiple years to identify dynamic processes, and provide the spatio-temporal information that will support the science and decision makers.  Sustained, long-term observations of the ongoing perturbation of the carbon cycle by direct human intervention are essential.
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How to measure biomass?

Tree allometry

links biomass to Biomass = p D2H
1. Diameter (D)

2. Height (H)
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Presenter
Presentation Notes
The only way to know biomass absolutely is to cut and weigh trees.
This approach is not possible for broad use, so allometric relationships are derived between biomass and stem dimensions, for instance height and stem diameter, as we see on the left.
At field scale allometric methods result in ~20% error on biomass estimates in natural forests, due largely to uncertainty on biomass estimates for large stems, which are rare but contain large C stocks.
For upscaling to the landscape, remotely sensed variables are required. Currently there are no globally applicable remotely sensed data available for this purpose.
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Which system to meet our requirements

Quantised
Quantised Full
Infra-red Returned Discrete Waveform
Pulse Echo Echo Echo
{clns*
— |3
— 5]
—
Terrain

*In a vacuum light will travel approximately 0.3m in 1ns
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SAR can deliver 3 independent types of
iInformation related to biomass

PoISAR

(SAR Polarimetry)
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P-band SAR measures biomass and quantifies “\&\gesa
landscape dynamics

P band SAR image (HH, VV HV)

HV Backscatter
A

-12dB

~19dB A

-27dB

A wéek after:burn

Biomass

o
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Global consistency in the biomass —
P-band backscatter relationship
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The simplest inversion: Similar power-law relationships between backscatter
and biomass are found for all forests where we have data
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Moisture and topography affects "disturbe” the
backscatter-biomass relationship

-

Moisture term Topography term
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Biomass map, Remningstorp, Sweden

-

ol @Re ¥emningstorp/validation site )
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Lidar biomass _Inversion using ~Inversion using
estimate single polarisation (HV) multiple polarisations and DEM
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SAR can deliver 3 independent types of
Information related to biomass

PoISAR PolINSAR
(SAR Polarimetry)

(Polarimetric SAR Interferometry)

T ,
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PolINSAR provides a second estimate of biomass

using height ...
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7/ T 3 7/System 7/Volume
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Ve -+- t€Mporal decorrelation

O O Y(S; S,) = Interferometric Coherence

Vo +-- SyStem decorrelation

V... ... geometric decorrelation
f(z) ... vertical reflectivity function
h, .
[ f(2) e"*dz

Vva(f(2)) = &% 2
[ f(2) dz
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Presenter
Presentation Notes
rVoG model: exponential function combined with dirac delta function for ground interaction

Polarimetry allows to decompose scattering processes but, do not provide sensitivity to the vertical structure of the scatterer, in other words to the vegetation volume itself. This is because of the two-dimensional imaging geometry of the SAR: ground range and height are projected onto slant range and become ambiguous.   




The key to the vertical structure is provided by InSAR: As many of you may know InSAR is a technique that allows the estimation of the height of the phase center and thus the generation of  DEMs.
It is based on the  acquisition of two images from slightly different look angles. The main observable is the interferometric coherence: the complex cross-correlation of the two images.

The inteferometric coherence can be decomposed into different contributions: temporal  …, noise induced decorrelation, and volume decorrelation. And this last term is especially important. Why?
Because it is directly related to the vertical reflectivity function of the scatterer, i.e. to its vertical stucture as seen by the radar.

To illustrate better this important point lets take a slice through the vegetation layer: the scattering is maximum on the top and gets attenuated as the wave propagates through the volume layer. On the bottom you have again a strong ground contribution. I.e. it has a vertical reflectivity function as this: … The interferometric volume coherence for this slice is nothing more than the (normalised) fourier transform of f(z). 

Thus, interferometry provides an observation space sensitive to vertical structure.
    




PolInSAR has mapped height over tropical and

boreal sites

Tropical forest
Kalimantan, Indonesia
“Jropica

50 Boreal forest

| Remningstorp, Sweden
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Seasonal variation: coherence is higher in the dry &gesa
season, giving better height estimates
TropiScatt experiment: +O ....;" | ; : :
* Tower-based P-band tomographic osl __ ___"!3_8!!_?_._._.._;,_.._._:3_3“_3_:
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SAR can deliver 3 independent types of &:esa
Information related to biomass

PoISAR PolInSAR

(SAR Polarimetry) (Polarimetric SAR Interferometry)

TomoSAR
(SAR Tomography)

= =
=2 =2
T T :?:’T S
> \\ \\\
\
BN
\\!\\\ NN

ESA UNCLASSIFIED - Fdr Official Use Klaus Scipal ESTEC | 30/01/2017 | Slide 19
— Il b c= ™ - I ™ = T = O 8 - B BN = C2 EX SR I

European Space Agency



SAR tomography, a new concept to explore 3D
forest structure
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Generates images of different forest layers from multi-orbit SAR images

Guyaflux tower
,/~ (Tropiscat experiment)

¥ T Height (m)
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SAR tomography provides basic information to
Improve Biomass retrieval

Forest Marshland River
_ ARl o O W 3 Paracou,
HH SAR image LR Rl Eyg% French Guiana
)
S
Nor’
S
L
2
@
I
Tomographic
transects
—_
£
(6 MHz -
bandwidth 5
P-band data) 2 .
Normalised
backscatter
OmMOSAR: intensity

1. Provides a 3D reconstruction of forest backscatter.
2. Allows an interpretation of scattering processes
3. Gives guidance to the PolSAR and PolInSAR retrieval algorithms.
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From observation concept to mission
requirements

What do we need?

1. A P-band SAR
Multiple polarisations

3. Orbit that allows interferometry (i.e. small baseline
and short repeat cycle)

4. A tomographic phase to gain understanding and
reference information
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Biomass Mission Concept

PolSAR PolInSAR TomoSAR
(SAR Polarimetry) (Polarimetric SAR (SAR Tomography)
Interferometry)
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Single satellite, operated in a polar
sun-synchronous orbit

Full polarimetric P-band (435 MHZz)
Synthetic Aperture Radar with 6
MHz bandwidth

Two mission phases: Tomography
(year 1), Interferometry (year 2-5)

Multi-repeat pass interferometry (3
passes in nominal operations) with a
3 days repeat cycle

Global coverage in —~7 months (228
days) on asc. and des. passes

5 years lifetime
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Biomass Mission Performance &\? eSa

Key Parameters -

Total Ambiguity Ratio < -18 dB LARGE
DEPLOYABLE

REFLECTOR

Dynamic Range 35 dB

Radiometric Bias < 0.3 dB

Channel Imbalance < -34 dB
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How to cover the earth when your swath is 60 km \&&é__‘nesa
Instead of the required 600 km

172 ® Sat. drift
= maneuver
) — :
o 129 ® Satellite drift
= maneuver
O —

e 86 ® Satellite drift
= maneuver
R R— Major cycle g Satellite drift
—— maneuver
0
0 160 Across-track distance [km] _ 680
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Presenter
Presentation Notes
This optional concept uses orbit manoeuvres lasting 11-7 days after every nine repeat cycles (defined as a major cycle) to introduce a ground track shift
In such a way, global coverage is achieved in 6-7 months by a sequence of major cycles, each followed by an orbit manoeuvre
Baseline mission scenarios for Interferometric phase are with 3 and 4 days 
Alternative scenarios are considered in case of reduced launcher performance
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Coverage \\\"

1. Acquisition mask restricted by US Space Objects Tracking Radar (SOTR)

2. Systematic Acquisitions for forested land (red area) in both ascending and
descending passes.

3. Best effort acquisitions for non forested areas (yellow + ocean/sea ice ROISs)

(Red = Primary objective coverage mask, Yellow = Secondary objective coverage mask)
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Presenter
Presentation Notes
ITU regulation makes US Space Objects Tracking Radar (SOTR) primary users of the allocated frequency band 
This restricts operations (US and Europe) of Biomass because of its potential impact on the SOTR performance
Preliminary classified analyses performed by US Department of Defense concluded that ESA shall not operate Biomass when in line-of-sight of SOTR stations



What information will we get from Biomass

Above-ground biomass
(tons/hectare)

Upper canopy height
(meter)
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Areas of forest
clearing (hectare)

* 200 m resolution

* 1 map every 6 months

» global coverage of forested
areas

e accuracy of 20%, or 10 t ha™!
for biomass < 50 t ha™!

200 m resolution

1 map every 6 months
global coverage of forested
areas

accuracy of 20-30%

50 m resolution

1 map every 6 months
global coverage of forested
areas

90% classification accuracy
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Biomass will allow DEM production under dense &iesa
tropical canopies

"= .. Paracou
TropiSAR data T
s e
Lidar PolInSAR i
4400 : S s
‘ fos
= 34
3300} £
=
-~ 524
E 2
| _ (14
b NEEE T
2200 19 g 2
= o
: © o4
4 14 24 34
1100 Lidar height (m)
90mMm x 90m DEM feasible
0 il L with — 2 m height
0 1500 3000 0 5 3000 -
(m) (m) accuracy from Biomass
Image courtesy of P. Dubois-Fernandez
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P-band enhances subsurface imaging in
arid zones

P-band SAR

]
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What are the challenges we need to solve in
the next years

1. How can we combine TomoSAR, PolInSAR and PolSAR information

How can we correct for environmental nuisance effects (moisture, freeze/thaw,
topography ...) given the Biomass measurement space

3. Can we find common parameters in Lidar and TomoSAR/PolINSAR to learn
about vertical and horizontal forest structure

Can we combine C-, L- and P-band for forest structure retrievals.
How useful is P-band for ice applications

For deserts what is the value of PolInSAR/TomoSAR

What do we know about the lonosphere at P-band

N o o bk

8. Etc., etc., etc.
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To adress these questions: Biomass Test Bed

0 Harmonized data (GeoTiff, ESRI)
* SLC SAR images

0 Cloud computing platform (scalable)

* Processing resources (2 CPUs)
e Storage (500 GB)
* Memory (16 GB)

* Local incidence angle
* DEM

* ROl shapes * Pre-installed open source software (QGIS,

0 Common tools PolSARpro, PolSARproSim, OTB )

* Project : -
rojector 0 Campaign data available today

* Matchup tool

O Orchestrator

* Data processing management
* BIOSAR-1 (7 GB) * BIOSAR-3 (15 GB)

- BIOSAR-2(14GB) * AfriSAR_ONERA (20 GB)
* TROPISAR (41 GB)

Biomass (ton/ha)
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Summary — Biomass a true Earth Explorer

1. Biomass implementation started in Nov. 2013. We are currently in Phase-B2
(until Q1 2017, PDR Q2/17, CDR Q2/19). We will launch in mid 2021.

2. Biomass is the first P-band SAR and the first radar tomographic space mission;
it is a true Earth Explorer with a lot of unknowns and exciting science.

3. The new unique vision of Earth from Biomass will extend beyond forests and
Into measurements of ice, sub-surface geomorphology, topography and the
ionosphere.
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