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Launched 21 June, 2010
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TanDEM-X
Interferometric Data Acquisitions (December 2010 — 2015)
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Synthetic Aperture Radar (SAR) Interferometry

'; Data Processing

Radar image Radar image
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Iceland, 2014
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Kamchatka, Russia /ﬁm
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Atacama Desert, Chile /ﬁNDEM
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Comparison of Digital Elevation Models

TanDEM-X
(2013)




DEM Production:Status (June 2016)
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Societal Challenges of Global Dimension

Megacities Mobility
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http://my-blackberry.net/wallpapers/63/m/Irrigation,_Kufra_Growing,_Sahara,_Africa.jpg
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Las Vegas, USA (time series of 20 images) _~TerraSAR™X



ERRASAR X

Jolp

Y
M
]
(7p]
)
| -
®)
(T
)
A

Braz

Mato Grosso




Crop Monitoring, Wallerfing, Germany (X-Band, F-SAR)
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Paddy-Rice Monitoring /ﬁm%




Mississippi, USA - Flooding _TerraSAR %




Ice Flow Veloctiy, Antarctica — TerrasaR &

Recovery Glacier
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Campi Flegrei, Vulcano Uplift

Copernicus data (2015), Sentinel-1, ESA/DLR-HR
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Nepal Gorkha Earthquake Aprll 25 2015

Copernicus data (2015), Sentinel-1, ESA/DLR-HR



Radar Remote Sensing and Global Societal Challenges
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Glacier Movement &
Ice Melting, Switzerland
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-

P/l NP I DEUTSCHLAND -
%8 ki .
‘If ™ .

PAIND N g
ki 2K e | Vehicle
%‘7 ,..44_‘km’/h'5o.k.:n‘l/,ﬁw | Velocity

A i
f'! A\ J
i

m«.'s;i kmils

- Ay
RN ffr3kmih

‘ ‘ WIS i

Y JJA??.l}n‘ﬁh TR0rmye %,

Al

Flooding, Deggendorf,
Germany

Urban Planning, Istanbul Traffic'monitoripg,’Ptien

Megacities ~ Mobility

DLR




Future Spaceborne Radar Systems
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http://my-blackberry.net/wallpapers/63/m/Irrigation,_Kufra_Growing,_Sahara,_Africa.jpg

Dynamic Processes on the Earth Surface
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Forest Blomasse Change*
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Volcanic Activities
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Forest Height

BIOSPHERE .
Above Ground Biomass

Vertical Forest Structure

Tectonics

(3D Deformation Rate
map)

Volcanoes
(Displacement map)

Landslides (PS1)

GEOo-/
LITHOSPHERE

Subsidence (PSI)

Glacier Flow

lce Structure Change

CRYOSPHERE

lce Sheet Elevation
S5ea lce

Soil Moisture
Ocean Currents

Wind Speed Velocity

HYDROSPHERE

Ocean Surface Waves

Digital Terrain & Surface
Models

Risk areas

all forest areas

high strain areas

=1500 land
volcanos 50x50 km

risk areas

urban areas

worldwide
Greenland

worldwide
Arctic/Antarctic

selected areas
selected areas
selected areas

selected areas

global/local

local

50 m (global)
20 m (regional) ~ 10 %

10 m (local)

100 m (global) ~ 20 %

50 m (regional) (or 20 t/ha)
50 m (global)

30 m (regional) e
1T mmdyear
S (after 10 years)
50 m 10 mm
1 mm/year
oI (after 10 years)
1 mm/iyear
e (after 10 years)
50 - 500 m cm — mfyear
100 m > 1 layer
50 m 05—-1m
Thickness <0.5-1m
= sllan Type 5-20%
50 - 100m 5-10 %
4 — 20 km 5 cm/s
4 —20 km 2 m/s
5 km 0.1-0.25m/10°
2 m (bare)
L& ow 4 m (vegetation)
Tm -

every 16 days

up to seasonal
acquisitons and
seasonal to annual
produc delivery

weekly acquisition
and products
seasonal to annual

seasonal
annual

half a yearly

every 16 days up to
monthly

weekly
weekly
weekly

weekly

global:annual
local: on demand

on demand
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Biosphere
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and partitioning (PgC yr ')

fossil fuel and cement from energy statistics
land use change from data and models
residual land sink
measured atmospheric growth rate

- ocean sink from data and models

source 1‘

from IPCC AR 5, 2013
— | T

1800 1850 1950

ocean
~ 30 %




Forest and Carbon

Global biomass distribution and its dynamic are widely unknown!

Nt m

Baccini et al. (2012)
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Atmospheric CO, — Terrestrial Sink / Source
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Polarimetric SAR Interferometry

Polarimetric Backscattering
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Radar Tomography — Forest Profile in L-band
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Geosphere

DLR




Deformation Mode

@ A 2> measurement of
es deformations of mm —cm

Earthquak

N2 =12 cm

Subsidence Land & Sea Ice

systematic multi-temporal
acquisitions (image stacks)



http://www-radar.jpl.nasa.gov/sect323/InSar4crust/HME/geo_flat90m+fltsS1.JPG
http://vulcan.wr.usgs.gov/Imgs/Jpg/Sisters/WestUplift/ssis_InSAR_may2001.jpg

Etna Volcano (1992 2001)
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TIME LINE

1987 OB 1998 2001

Time series of 200 SAR images (ERS-1/2) (P Lundgren, NASA JPL)
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Hydrosphere

DLR
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SMAP ~complementary information:

* high spatial resolution
and frequent coverage

» soil moisture (also
below vegetation)

« water level changes and
DEMs below vegetation

e ocean waves, wind & currents

10-40 km resolution

10

[vol.%]




Fully Polarimetric Soil Mapping with High Spatial amd Temporal Resolution




- " — W o S
> : - . ~

Geocoded Soil Moisture Mosaic for
Julich 25/04/13 =

I.-
ler
Troee &
' e
o R
s \1:. - ‘-\\)
! 5 B RIS O SGRS
LB - S ;_" ;_\"‘ i, k/‘\,,__r‘ - ¥
/J u !‘/chjgany 2"“"\:‘“‘\
% Cologne 7 R
W oo ;"‘ &, 3 i\x <
e 41 Rl
- Er\an_lsfl\mj" \\“EW
S0
, WO
A R Stuttgart: |
{.\}
: @200?521‘;?;:‘%:;;?@}:‘ VAL : % v
Bemegu%Deg{yoiéiﬁ%:fgzggﬁ;,;;@;- , Image © 2014 DigitaiGlobe" "¢
i W zeé e lat 52.878554° lon -2.4450 © 2014 Google
@'x : Image @ 2014 GeoContent
e Image © 2014 GeoBasis-DE/BKG

B A TR LY YT AL AL A e AT BN e e A .



Cryosphere
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15 km groun raok
distance (et tor)

Cryo SAT-

: . 7 mresolution
weekly coverage

Tandem-L provides
unique information:

* glacier flow in 3-D
« 3-D ice structure and its dynamlc

« DEMs mit high spatial
and temporal resolution

* thaw and freeze cycles
* sea ice classification

- ideal complement to existing
or planned cryosphere missions

Winter 2006
Flow Speed



Drygalski Glacier, Oct 2007 — July 2008 TERRASAR XK
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Sentinel-1/ESA/ENVEOQO, 2016




Tandem-L: Radar Mission Concept




Mission Concept




Digital Beamforming

Direct Radiating Arrays Reflectors with Digital Feed Array




Digital Beamforming with Large Reflector Antenna

s




Digital Beamforming with Large Reflector Antenna

Digital Control
& Processing

Digital
Feed-Array




Comparison of Imaging Capacity

TerraSAR-X/TanDEM-X Digital Beamforming

1 global coverage / year 2 global coverages / week
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Future Spaceborne Radar System Concepts

Geostationary
llluminator (GEO)
and LEO Receivers

Medium Earth Orbit
(MEOQO) Satellites

Low Earth Orbit
(LEO) Satellites







