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Attributes/ Coverage A\V/o Min. Mapping Observation Observation Descriotion
Parameters g Uncertainties Unit [m] Frequency Interval P
~10% For biomass
global (-20%) 30x30-50x50 12 months > 5 years estimation
Forest : ~10% For forest
Height regional (-20%) 20x20-30x30 3-5years > 5 years inventory
<<10x10- Site quality
— 0 -
local (2.5) — 10% 20x20 2-5 years > 5 years characterisation
global BUHEY B 30x30-50x50 Seasonal > 5 years Fo_res_t
5-10m monitoring
Forest
structure _ .
regional 3 v-layers 20x20-30x30 on demand > 5 years Dlstu_r ance,
5-10m Monitoring
220t/ha 70x70-
global 20 - 30% 100x100 12 months > 5 years Carbon stock
Forest
Blomass 10 - 15t/h For f t
. - a or fores
<
regional <or 20% < 50x50 5 years > 5 years inventory
OIS global <4m 30x30-50x50 12 months > 5 years

Water dynamics ‘

|
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Biosphere: Observation Requirements

Observation
Interval

Observation
Frequency

Attributes/ JA\V/o

Min. Mapping

Coverage Unit [m]

Description

Parameters Uncertainties

global
regional
global

Forest

Structure

Change _
regional
global

Forest

Biomass

Change _
regional

Underlying

topography regional

change
Wz DLR fir Luft- und Raumfahrt e V.
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From 1m to 20 -
30%
(of change)

From 1m to 20 -
30%
(of change)

+ 1 layer of
change

+ 1 layer of
change

From 5t/hato
30%
(of change)

From 5t/ha 20 -
30%
(of change)

From 1m to 20 -
30%
(of change)

30x30-50x50

20x20-30x30

30x30-50x50

20x20-30x30

70x70-
100x100

< 50x50

30x30-50x50

V7 T

Yearly

On demand

Seasonal
Yearly

On demand

Yearly

S years

on demand

>5 years

>5 years

>5 years

>5 years

>5 years

>5 years

>5 years

For biomass
change

Disturbance
Monitoring

Forest
characterisation

Forest
monitoring

Carbon change

For F. inventory

Flooding events
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Biosp

Challenge

High spatlal vanablllty of local blomass (due to natural disturbance
regimes and human activities)and structure (vertlcalf& honzontal)

xample Lowland troplcal forest-in Lambir, Malaysna (Yoneda et al. 1996 50ha, 200.000 trees)
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S, S, Interferometric (S, S,)= <S; S5 >
Coherence 12 \/< S,S ><S, S,
SAR Interferometry for Volume Structure

h, _
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[ 1) dz

Volume ~
f(z)=e
Coherence Vval(f(2))

f(z) ... vertical reflectivity function

Y=Y Ysned Yvolu KA
Temporal SNRC/ODG Vertical Wavenumber: K, = — 0
sin(6)

® Yremporal ... temporal decorrelation —
® Ysnr ... additive noise decorrelation @%% m
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7 @ Polarimetric Coherence Tomography

f(z) ... vertical reflectivity function
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Volume ~
f(z)=e
Coherence Vvol(f(2))
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f(2) eikzzdz=h?"§é ........ 2. [a+f(z) e 2 dz
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Fourier Legendre Series: f(z') = Zanpn(z') where &,
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Limitations of Biomass Estimation from Height
Height (H 100) 2 Biomass (B) Relationship: B =la* 1.66H*

ol e L L R ARl R LR LR R o R L L L R R LR LR RS o R L L R R R RN LA RN LS| sao AR AR AL RN
L h100 35.0000 [ h100 35.0000 [ h1d0 35.0000 ] L
biomass 402.790 3] L biomass 265.841 ] F biomass 132,921 ] — alllev. 1.00
species canifer ] [ species carifer i 5 species cariifer i | — allllev. 0.66
ok E soF ] wf ] — alllev. 0.33
: : g 400
f [ F =
o E ok e of E =
L F ]
F 3 n
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E : : ‘A 200
1o 3 ok 3 o 3
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0 10 20 30 40 50 20 Jeis] 40 50 0 10 20 30 40 50 o] 10 2h0'|00 [n‘?]o 40 50
100 % (=0.80*h1.75) 66 % (=0.54*h175) 33 % (=0.27*h175)

T — e — Can vertical structure parameters help?

2250038 h100 345371
biomass 473,123 50
0 species mixed E 2246002 h100 39.3000

biomass 185810
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Traunstein

. 1200 g s ™
Structure-to-Biomass Allometry i
A
o R ARSE ARCA Y AR N A a3 A E q = = e =
2 = 0.52 I = 2 4,7
r2 = 0.
1.50 T ;
1000 F 1B =lax1.66H CEG 800 i s =
(= +
— S <
f BOO - * - @ [ : *f*’
§ é 600 v i
2 L ¢ o8 "
g 600 . @ I :+ b+
= g 400? +++&£§—Qt+ —_
om S L _ﬂ_mtj- . J
T© 400 ! [ 2. + ]
5 Hae= 8 200 AR EVT F2 = 0.91 i
Rl |
g e B =3.11 * axP(z) | £ ]
200 by T J J | },_4—4_ d
[ +4+El+“«t+ i=0 i=1 0 SR o T W S0 G- 3], 4 W o,
i . ;%»ﬁwr**‘f L= i 0 200 400 00  BOD 1000 1200
. Total Biomass [Mg/Ha]
0 10 20 30 40 50
(Top) Height (H100) [m]
s
=
N
=
— %n % II:GZI I:D:I IZII]ZII
'%_J dg a; d, ds

Biomass Mg/ha

Field Plot

® 10 cm < tree dbh < 30cm
O trees with dbh > 30cm




krycklan
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Traunstein Stadtwald
Fichtelgebirge
Bayerischer Wald
Ebersberger Forst
Oberpfaffenhofen
Thueringer Wald
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Krycklan Forest, S

Remningstorp Forest, S
Helsinki Forest FIN
Glen Afric, UK

Thetford forest, UK

Kobernausser Wald, A
Hinwill, CH
Barrax, SP
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690 4

Topo Height [m]

l’ Mixed Forest Stands

570 Mature Spruce Stands

Topo Height [m]

PCT Reconstruction from 2 Baselines

570

Test site: Traunstein, Germany, L-band @ HV Polarisation



[raunstein Test Site R
3 °
L ,
— /
© 800F N ,
g [ o° <& //
frumd L LA P
[} L ”
(2]
g 600 ° 1A /;
o I 00300//°
= r ° o, °
m L . 2%
<
8 4001 o § 938, o0
g | 00 20000
— [ W 2P8%00 o
uq—" [ °/o°°o S
O 200- RN
[a'd L o g8 w8 8
0%°S° ¢ o ¢ _
L ;Q/"o LAY 3 r2=0.62
L ¢ o °
R Y o ®

Ol . .
o Estimated Biomass [t/ha)
Estimated blomass from SAR (Ma/ha)

'F & L] <
% o0 * °s
% oo ° " < o ® -
© ° ©
E @ o ¥ < o®
(@] Ge s < ° A
- — &Q o <
m . o
) oo o% - cpqo 2 ° -
8 ® e o ® *’s o
[} o o %> 3w
— o
[ & 03‘?0
“— o0 $o =
(&) . oo
o =) 85
m ibo 00@3 re=u.c.
% G
o ‘; PRI PRI SEPET T R T——— |

0 200 400 600 a00 1000

Estimated blomass from SAR {Mg/ha}
Estimated Biomass [t/ha]

$ I LN SN

—~
S
~

= +

=== | E—
cc, =
)
I

Biomass Mg/ha




Observation
Interval

Observation
Frequency

Attributes/ Avg.

Min. Mapping

Coverage Unit [m]

Description

Parameters Uncertainties

~10% For biomass
global (-20%) 30x30-50x50 12 months > 5 years estimation
Forest : ~10% For forest
Height regional (-20%) 20x20-30x30 3-5 years > 5 years inventory
<<10x10- Site quality
— 0 -
local (2.5) — 10% 20%20 2-5 years > 5 years characterisation
global SUHEYEE 30x30-50x50 Seasonal > 5 years eI
5-10m monitoring
Forest
structure - .
regional 3 v-layers 20x20-30x30 on demand > 5 years |stur ance,
5-10m Monitoring
220t/ha 70x70-
global 20 - 30% 100x100 12 months > 5 years Carbon stock
Forest
Blomass 10 - 15t/h For f t
. - a or fores
<
regional <or 20% < 50x50 5 years > 5 years inventory
OIS global <4m 30x30-50x50 12 months > 5 years Water dynamics ‘
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Forest height

Above ground biomass 20 - 50 m

Plate tectonics

Volcanoes

5-100m
Landslides
- Deformation
w‘/f/’\\ .\ Glacier flow
/
| . i Soil moisture
Water level change
50 - 500 m

Ice structure Change
Ocean Currents

- Digital Terrain and surface model 20-50m

ah

16 days -
seasonal

weekly

weekly
weekly
on demand
seasonal
seasonal
weekly
yearly

Y™F i MANYYISE
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TanDEM-X: TerraSAR-X Add-on for Digital Elevation Measurements
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Intermediate DEM — ISLAND



TanDEM-X Coverage: January 2012

9
o au“ “‘ ;\'\ w

- ﬁmm‘,\w * .

Height Error

I 100 m

5.0 m
40 m
3.0 m
20m
. 1_8 m | 1 L &
15m

1.25 m

Om

Acquired




TanDEM-X Data Acquisition Modes

Pursuit Monostatic July until October 2010

e both satellites transmit and
receive independently

e susceptible to temporal
decorrelation & atmospheric
disturbances

e no PRF and phase synchronisation
required (backup solution)
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TSX-TDX Monostatic Mission P Sg

est Site Mawas / Borneo
24.07.2010 HH Pol Baseline: 38m

6408 2010 HH Pol Baseline: 35m

06.09.2010 HH Pol Baseline: 54m




TanDEM-X Data Acquisition Modes

#7 Deutsches Zentrum
DLR fur Luft- und Raumfahrt eV.

e one satellite transmits and
both satellites receive
simultaneously

o small along-track displacement
required for Doppler spectra
overlap

e requires PRF and phase
synchronisation

Standard DEM Mode

P O e




Single-Pol: 1 Layer Scattering Model

Y(W) = exp(idy) vy

S

DEM » Topography

do

Volume Height h Extinction o

Dual-Pol: 2 Layer Scattering Model
% f(z)=0yg exp +m'G§(z—zo) V(W) = exp(lcpo)VV+ m(w)
1+ m(w)

Volume Height h \Extinction ©

2 0 7

A

Yv

\ cosB my, (W)lg

V
gexp(n( 2% )exp coseo dz' Topography  $o G/V Ratio

202, : = Mg (W .
lo = _[exp( sz G/V Ratio: m(w)=# Vertical Wavenumber: Kz =

m(w)

KAB
sin(8,)




Test Site: Krycklan, Sweden

krycklan
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r2= 0.699545

Measured biomass (Mg/ha}
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Single-Pol (HH) + DEM Dual-Pol
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CORINE Land Cover Classes - Krycklan

< 10 Mg/ha

50 - 150 Mg/ha

> 150 Mg/ha
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Mawas, Indones

Test Site

w] uoneosoT Js1ua) aseyd

Interferometric Coherence HH

Amplitude HH
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. Tapajos, Brasil

Test Site
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Test Site: Tapajos, Brasil
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Temporal Decorrelation Estimation

- Temporal decorrelation on the ground layer Y-y Temporal decorrelation in volume
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