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* 50% of the terrestrially bound carbon is stored in forest 70% of the carbon in vegetation is in fo;ksts
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Forest Disturbance (
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Commodity Driven Deforestration, Shifting Agriculture, Forestry, Wildfire, Curtis er al. 2018



Forest Structure

Structural Degradation

Degraded forests: forests
which have been harvested
beyond the natural growth

capacity.

Secondary Forests: forests regenerating through a natural
succession process after significant and/or total disturbance of the
original forest. They show major difference in structure, species

composition, and age profile compared to primary forests.



Climate change can modify role of vegetation

Europe 2003 drought:

30% decrease of productivity, forest transforms from
C-sink 0.3 GtC to C-source: -0.5 GtC

(Cias et al. 2005, Nature)

Amazon 2005 and 2010 droughts:

forests transforms from C-sink 0.5 GtC to C-source -1.2 GtC
(Phillips et al. 2009, Science, Lewis et al. 2011, Nature)

Does vegetation act as a carbon sink also in the future ?
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SAR Interferometry .\\ p
e

Signal from resolution cell P in Image 1i, =i, | eXp[—i(ZZTTrRl)+(p51]

. 217
Phase: @, = arg( |1)=(27R1) H®Psy

R, =R, +AR R,

Signal from resolution cell P in Image 2i, =i, |exp[—i(22TTrR2)+cp32]

. 211
¢, =arg( i,) = (ZTRz) tPso

‘ Assuming @g, = Pg, !

Interferogram: i i, =|i, i, |exp[—i(22TTrAR)]

Re{ i, i
Phase: Py = { -2 }:2211 AR
Im{ i i, } A
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Interferometric Coherence SN
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Image 1: i, 9, | exp[—l(ZTRl) +Pg,]
: : L 2TT
Image 2: i, =i, |exp[—l(27R2) +Qs,]

Interferometric Coherence: Normalised Complex Correlation Coefficient

o B} IECLE }ew(io)
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Interferometric Coherence Estimation:

Assuming stationarity within the estimation window:

> il ] iy

V= =
\/an[i,j] PYNLAP <iyi> <iy iy >

Typical window size: 10 (3x3) —>100 pixels
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InSAR COherence « 108° = st. deviation of a uniform distribution =—— n=1

— 100 P — =2 ]

(@) n

Q — =4 .

eee is @ measure of interferogram quality: E 90 — ”fs .

'§ 80 —_— =32 f

Standard Deviation of the INSAR Phase ¢: < o — N78%

o 5 ]

3 gof f

L 0 : ]

2 S oof ]

O, =.| | ¢"pdf(p)-do | :

2 a0 i

—T1T "G—J‘ B 1

€ 30| :

(@] i ]

depends on » the underlying coherence & & "} .
S ol
» the number of looks N. i

[0 I | | | T | L Ly T L M ) | i
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

: _ _ _ _ _ Interferometric Coherence
An increase in decorrelation (= loss in coherence) is associated

with an increase in the phase variance;
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» Increased phase variance leads to increased height errors.
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» F is a Gauss hypergeometric function and B =|y |[cos(¢ - @)
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Why is Interferometry important for Volume Scatterers?

HH-VV Coherence

I
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H-VV G 1Y B: HH#VV |

Surfaces

E-SAR /;rest Site: Helsinki, Finlauhd

iﬂ%; HH-HH Coherence % a HH-HH Coherence
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S S Interferometric | - B <S$; S;>
1 2 Y(S; S,) =
Coherence J< S,S!><S,S,>

SAR Interferometry for Volume Structure

hV
j f(z) e*?dz
Volume Vio (F(2).k,) = %z% @ -
Coherence J- f(z) dz
f(z) ... vertical reflectivity function
VZVemoraY Vo . KAO
Temperal TSR Vertical Wavenumber: K, =
sin(8;)
® VYiemporal ... temporal decorrelation
® Ysnr ... additive noise decorrelation
® VYyoume .- geometric decorrelation




S S Interferometric | - B <S$; S;>
1 2 Y(S; S,) =
Coherence J< S,S!><S,S,>

SAR Interferometry for Volume Structure

hV
j f(z) e*?dz
Volume Vio (F(2).k,) = %z% @ -
Coherence J- i(2) dz
(o]
f(z) ... vertical reflectivity function
VZV mporal Y V .
Temeorsl TSR G Vertical Wavenumber: K, = _KAG
sin(8;)
® Vrempora ... temporal decorrelation SAR interferometry allows to reconstruct the
® Yonr ... additive noise decorrelation vertical reflectivity function f(z) of a volume
® Ve ... geometric decorrelation scatterer by means of interferometric (volume)
coherence measurements at different vertical

— wavenumbers K, i.e. at different spatial baselines.




Normalised Fourier Transform of
the vertical reflectivity function f(z)

| VVO| (kzl’ W) |

hy .
[ f(z) e*dz
Yvo (Kz1) = gltato 0 h
[ f(z) dz

0® : >
Baseline 1 (k,;) K

f(z) ... vertical reflectivity function

Multibaseline SAR Interferometry




f(z) @

ik, 2z, 0
j f(z) dz

T 1)@

Yvo (Kp1) = glnto 0

Baseline 3 (kz3) VVOl(kZ3) €

| Vor (K W)

—————— - j f(z) dz
0 - >
kZ
f(z) @ . . ,
: s f(z) ... vertical reflectivity function
Baseline 2 (k) Voo (Kyp) = €57 °
f(z) dz
I () Vertical Wavenumber: Kk, = _KAG
° sin(8y)

Multibaseline SAR mterferometry Multi-baseline measurements allow to sample

the spectrum of the vertical reflectivity FT{f(z)}

@ different (spatial) frequencies (k,).




Vertical Reflectivity Function f(z) INSAR Volume Coherence |Yyg(k,)|
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Amplitude Image

Amplitude Image HH
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Test Site: Krycklan,

Sweden
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Test Site: Krycklan,
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Interferometric
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Yvo (f(2)) = g¥eto 0 hy
[ f(2) dz
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Volume Layer Ground Layer

hy = (
1= [exp(ix,2 ), (2)dz'  m(W) = M (W)
5 m,, (W),
hy
o _ KA®
l, = !fv(z )dz e \
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2 Layer Inversion Model

Yy +m(W)

;vm (W) = exp(ip,) 1+ m(w)

fy(z) ... volume reflectivity function

f,(z) has to be parameterised (N paraml)

Volume Height h |, 04‘0
Topograph Nl

pograpny P S
G/V Ratio m(W) >
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Traunstein Test Site
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Pol-InSAR Height (H100) Estimates / L-band / Traunstein, G

2008-2003

ermany AH Classes: [-10,-5],[-5,-2],[-2

2],[2,5],[5,10]

2001

Airborne Lidar Height

2008-2001

00) Estimates / L-band / Traunstein, Germany
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Bangladesh Mangrove Height 15m

b

Largest mangrove forest in-the w‘or_ld
24 single-pol. TSX/TDX:data sets |
2011/01/22 - 2013/01/01'. . ;
HoA=30m-80m

Bangladesh




Forest Height from TD-X / GEDI Data Fusion

D =B ZTanDEM™

Forest Height estimation from the fusion of

continous TDX InSAR data and discrete GEDI

TD-X Backscatter & GEDI Tracks

meassurements
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Forest Height Map Gabon: 200 TanDEM-X Scenes + 35K GEDI Footprints
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@ @ @ @ @ @ @ SAR Tomography

f(z) ... vertical reflectivity function

| Vv (K W) | “Jv@eikzzdz
h

VVOI(f(Z)):eikZZ0 = §
[ f(2) dz

f(z) ... vertical reflectivity function

KAO
K, =—
sin(8;)

Vertical Wavenumber:




Polarimetric
radar tomography




‘ﬂ;Traunstein forest (Germany) - Capon - HH
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Temporal variations at L-band (Capon)

650m

650m

HV

Slant range (~0.6Km)

Slant range (~0.6Km)

Slant range (~0.6Km)

Slant range (~0.6Km)

Slant range (~0.6Km)



Remote Sensing and Earth System Dynamics

Reflectivity
Profiles

Height (m)

» Old forest, 10 years after a fire event

»
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»
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V... V... V... V...




Forest Structure Classification (25x25 m): Traunstein, Germany, 2008 / 2012
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Forest Structure Classification (25x25 m): Traunstein, Germany, 2008 / 2012
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¢ Prediction of biomass dynamics

Year 2000
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RISAT-1 RADARSAT
KOMPSAT-5
TanDEM-X Constellation

TerraSAR-X/

s\l}/» Lk

Sentinel-1  NISAR NovaSA  NISAR ALOS-2 /4

COSMO-SkyMed Radarsat-2
I e
X-band C-band S-band L-band P-band
(3cm) (6 cm) (12 cm) (24 cm) (90 cm)
visible % f
k2
22 _
§' s y-rays, x-rays infrared icrowaves
£O
<
100 pm 1T mm 1cm 10|cm 1lm 10]m 100 m 1 km

0.1 nm 1 nm 10 nm 100 nm 1 um 10 um
Wavelength

We do not know how to combine multifrequency measurements in a model framework !

We do not know how to combine measurements at different spatial (temporal) scales !

¢ Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft




blomass ESA’s Tth Earth Explorer Mission

2005 EE7 Call

. 2006. BIOMASS Proposal Submission

2007 Phaseé 0 (6 Mission Proposals)

2069 User Consultation Meeting Lisbon

2010 Phase A (3 Mission Proposals)

; '2013 User Consultation Meeting Graz
2013 Phase B (BIOMASS Only)

2016-Phase C+D

gOZ?:‘%I*_‘aunch (Third Quarter)

2023-2028 Operation

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
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Single satellite, operated
in a polar sun-
synchronous orbit

Full polarimetric P-band
(435 MHz, A=69cm) SAR

(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 7.5
months (228 days) on
both asc. and des.
passes




BIOMASS Mission Products

Level 2
Definition Information Requirements
Product
Above-ground biomass e 200 m resolution
Forest biomass
expressed in t ha™L. e RMSE of 20% or 10 t ha™! for biomass < 50 t ha™!

Upper canopy height defined e 200 m resolution
Forest height
according to the H100 standard e RMSE better than 30% for trees higher than 10 m

Severe Map product showing areas of e 50 m resolution

disturbance forest clearance e detection at a specified level of significance

= 1 near-global map of biomass and height from tomography in the first 14 mission months;

= updated biomass and height maps from polarimetry and interferometry every 7.5 months for
the rest of the 5-year mission;

= annual maps of deforestation.

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft




BIOMASS Mission Algorithm & Analysis Platform (MAAP)

Virtual research environment: v Ease of data access and sharing

* Remote sensing data from ESA science missions (and

complementary/similar missions)
- Ground data from ESA campaigns (field data and Cal/Val)
v Allow data processing (product generation)

v Allow joint code / algorithm development (Product
Algorithm Laboratory), addressing intellectual property

rights issues

v" Enable interoperability of data/code/algorithms

v Support transparency in research, development and

ES_AMAAP validation

v Ease information sharing and networking
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