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TerraSAR-X and TanDEM-X

A fantastic playground with many options.

¢vv_ ¢HH

polarimetic
nhase difference
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Single Look Brorg- D-InSAR
t+ t

Complex (SLC) multi pass = d(;?eacr:c;gc?n)
SAR: Synthetic interferometry
Aperture Radar 0, - O,
Interferometry ¢1’t_ (I)z,t
single pass
interferometry DEMs

G,: backscatter signal (microwave),
single-, dual-, quad-pol (VV, HH, VH, HV)

« ‘X-Barid: w=9,656%, 2 = 3 cm, ResUIltion: 3 A RAD
o Monostatic multi-pass Interferometry: At = 11 days
= _Bistatic single-pass Interferometry: At =0




Why Radar techniques for Snow?

* Snow is a thin volume layer which is mostly ¢ How can we characterize snow

transparent for microwave (T <« 0°C). by means of the complex
e High frequency required to get interaction interferometric coherence?
and to avoid total penetration: 5 - 20 GHz.
g =1 et (51-55)ons

~ SPSP)

* What causes polarimetric phase differences and
temporal decorrelation?

Under which conditions can we characterize snow?

» Snow fall, melting, temperature change and
wind drift cause high temporal variations!

e Which parameters do we get?
— Snow / no snow? — Water content?

— Snow depth? — Stratigraphy?
— Snow water equivalent? — Soil information?
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Polarimetric Phase Difference (PPD)

<81‘S§>ens.

’3/ -7 e = \/(|31|2>([52|2> _— (I)c = (I)VV_ (I)HH (CO'pOIar)
What about this: — Is there any signature

—— 1
of snow? Show as a

‘ layered structure?

d. = 2?7




Snow is structures as layers.
Microwaves reflections at la

g -

confirmed by the SW|ss‘lhst|tu - for
and Avabanc:he Re‘sea.rch (S 3

Ice layers in a block of wind-compressed snow



co-polar PPD over the winter

A
— 100 TDX acquisitions, SnowSAR path-measurements (Snow depth) and IOA data (Snow depth) —é—J
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Ground campaign

20°  phase difference Ap  +20°  TSX / TDX dual pol data (HH, VV): ¢, = ¢yy—dpy  (co-polar)

F: 3

—_




Ground truth vs. PPD ¢

g

W -20°  phase difference A¢p  *+20°

1 i T R b
b A 1’ iy
s T e
: m

Phasedifference VWV - HH

1) Measure snow depth in the field.
2) Classification: no Forest / Forest.

3) Calculate PPD: ¢ = ¢y — Onpy
4) Compare PPD with snow depth.
5) Plot correlatingeor acquisitions.
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no forest areas

Phasedifference VV - HH

forest areas
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20
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Phasedifference VV - HH

20 40
Snow height (cm)

Acquisition date:
03 Jan 2012, orbit 32

Ground data takes:
9th + 10th Jan, 2012

Correlation between snow
height and Polarimetric phase
difference ¢, - ¢, for forested
and not forested areas.
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Snow height (cm)
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no forest areas

Phasedifference VV - HH

T S
0 20 40
Snow height (cm)

Acquisition date:
03 Jan 2012, orbit 39

Ground data takes:
9th + 10th Jan, 2012

Correlation between snow
height and Polarimetric phase
difference ¢, - ¢, for forested
and not forested areas.

Phasedifference VV - HH
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" | backscatter and snow

tracks

11



no forest areas

forest areas

Correlation between snow
depth and PPD ¢y, - Oy
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Phasedifference VV - HH
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Snow height (cm)

Acquisition date:
09 Jan 2012, orbit 130

aoi=32.7°

Ground data takes:
9th + 10th Jan, 2012
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no forest areas

forest areas

Correlation between snow
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Acquisition date: T mi
14 Jan 2012, orbit 39
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Ground data takes: ‘ , > Sy
9th + 10th Jan, 2012 =
ﬁ phase difference A¢ +20° backscatter and snow tracks
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no forest areas

Correlation between snow

forest areas

Snow height (cm)

Acquisition date:
14 Jan 2012, orbit 32

aoi =41.5°

Ground data takes:
9th + 10th Jan, 2012

T

T : ; i T
i

5 B - o ]
T 20} 1 T 20f
S S
S S
c =
= : o [
2 10f 1 £ 10}
o [ o -
i | &
o i ! o

0F

e T T 60

SRR TR AN AT TR

14



no forest areas forest areas

Correlation between snow
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Acquisition date:
25 Jan 2012, orbit 32

aoi =41.5°

Ground data takes:
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no forest areas

Correlation between snow

sl depth an_wd PPD ¢y, - Opypy- = @ N
; | ¢ Extrem increase 20 7 60

T [ ] h, g il
T ol ] of temperature. ~ 10| §§4a0
s £ S e
% : | e +20 cm of fresh 5 ol —*|o
£ 10} p humid snow. 5 !
O r 1 . . Q
g | -> no layers visible. £ 10
. (small penetration.) =~ ™

dE -20

: -30
B T BT 60 80 |
Snow height (cm)
Acquisition date: -
16 Feb 2012, orbit 39
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.,ﬁ“

Ground data takes: -
7th - 9th Feb, 2012 ¥
22nd - 26th Feb, 2012
(heavy snowfall between | |

campaign and acquisition)

| backscatter and snow tracks
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-20° phase difference A¢ +20°

Snow Height (cm)
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no forest areas

30 |-
20 -

10 |

Phasedifference VV - HH

Correlation between snow

depth and PPD ¢y, - Oy

* frequent humid
snow fall, 0°C.

e only afew
layers visible.

PR |

* penetration
only in top layer.
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Prassd#faronce VW - HH

Snow depth (cm)

G e B

5]

Phasedif*arence Vv - HH

TDX acquisitions, SnowSAR path-measurements (Snow depth) and IOA data (Snow depth)

|
ki
o

Temperature (°C)

@®@® orbit 39: 39.7° ASC
@®® orbit 32: 41.5° DESC
®® orbit 130: 32.7° ASC
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(1] 20 40
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Why is Snow depth proportional to (¢, - ¢p)?

Suggestions:

1. Propagation speed differs for HH and VV.

2. Different penetration depth for HH and VV.

3. Linear combination of phase-jumps at different layers.

#2 is supported by different Fresnel-coefficients at snow layers for

polarizations. 1- o
0.75] — {
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Phasedifference VV - HH

30 -
20 |

10 F

Conclusion
Reptass InSAR:

! Snowfall and melting events cause strong
o decorrelation of repeat pass Interferometric
coherence.

i -> Microwave interaction with snow layer!
Polarimetry:

e Clear evidence for correlation between PPD ¢,,-¢,, and snow over open
area. (Volume scattering in forests destroys a clear phase signal).
e Modelis under developement and ideas area welcome!

no forest areas

Snowdepth (cm)

20 YO ) ' 80
Snow height (cm)

Distance on ground (m)

Special thanks to FMI, Enveo, Gamma Remote Sensing, EC, NASA JPL, WSL-SLF for ground campaigns.
Distributed measurements make incomparably better validations possible than fixed stations.
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Spatial comparison -
of snow depth along | S
transect with PPD. .
G N R LS R T B AR N R T A R DR R ZR N (N AR IR B S B B e ettt

- == Radar (No forest)
- = = Radar (forest)

o
o

Snowdepth (cm)
S
o

n
o

Distance on ground (m)

Co-polar phase difference ¢_follows the snow depth along the transect.
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Mark Dixon (NASA)  ©

Student participating in the campaign via FMI.



Change detection by coherence decay:

Temporal Decorrelation for X-Band (TSX/TDX)
1 .0 [ T T T ] T T T ] T T T [ T T T [ T T T [
0.7f
. 05L e e e(Qbservation
8 04 ) =vee T+ Y,
C
2
O g3l t,, = 4.2 days.
S L 224
o
> B 33d
@ 027 aad
o R
> @
<
@
0.26 I 1 1 | | 1 1 | | 1 1 1 | | 1 1 | | .I 1 |
0 20 40 60 80 100

Time between Acquisitions (days)

Strong temporal decorrelation
in X-band caused by Snowfall,
melting or strong wind drift.

For each point the coherences
of at least 8 scenes of the
same testsite were averaged.

Decay time of coherence: t,/, = 4.2 days.
Repeat-times of a few days are favourable.
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Decay of coherence for X-band TSX data

Temporal Decorrelation for X-Band (TSX/TDX)

1.0 ' ' ' I I ' ' ' | ' ' |
Tegnporal Decorrelation for X-Band (TSX/TDX) | Decay time of
¥ T T i L St T e S S T TR B e ¢ _
- 1 1 z Coherence:
.0 =~ C\ ® o eObservation ] N
\ \ t.,, = 4.2 days
r A § [N y® =voe " + Y, 1/2 Y
& \ @ 036 =« E
- 1= ) E F ‘-\ t,. = 4.2 days. ] |
o \., S : -> Very valuable
@ x O A ] ] . .
S 06 | o . ' . if repeat-times of
o * \ D 0.27 & N, 4
® ‘ S . 5 _ a few days are
o) \ > - ki ] .
© L\ < - - « possible.
Q@ \ i L] 1
4 \ o e £ % 8 5 8 25§ 583838
, [0 ]~ | M SR R I B BN : E g ¢ £ § & i g & &8
< \\ 0 20 40 60 80 10C § R & 5 & B & kR R & & z 8 .
0.4 \ Time between Acquisitions (days) -
LY Mk
‘\‘\“M_H___ 2000
o —— ° ® - - 20110212
0.2 l L 1 1 l L 1 L l 1 1 1 l 1 L 1 l amerzn
0 20 40 60 80 e
Time between Acquisitions (days) o

For each point 8 or more scenes of the same testsite were u
calculated from each scene were averaged. The red line is a

Acquisition K

Acquisition | ° 1
Coherence y,, al peak of coherence histogram



Differential-InSAR: Local phase patterns due to freezing?

interferometric phase ¢

Local phase pattern correlate with freezing structures on the ground.
Up/down lift by freezing/thawing cycles?




InSAR: Random Volume over Ground Model

h,
[ )¢
57[/(,;(_](.(2)) — efffzzo 0

h,
| f)dz

Expected volume coherence.

f(z): Vertical rcﬂccti\'ity function

“backscattered radiation per dcpth volume”,

Random

Volume

fz) [/

Realistic rcﬂt':ctivit}! function / modelled rcﬂ(_‘crivit}' function for a snow }‘mck

EXP(‘Cth COh(“l’CI’lC(‘ [lOI' hom(}gencous snow layer over gmund:

Coherence abs(y)

Coherence y(h,, k,, 0)

1

1.0 =y —k,= 20m"
—= 30m’’
i = - “k,= 40m”’
0.8 - S =——x= 60m
| k,= 75m"
- - k,= 10.4m™
06 [ 7Tk = 20.7m’"’ (K cicar)
| 1 gnd-to-vol-ratio = 10.0
0.4 — atten.o=0.0..20m"’
i 1 Bw = 400 MHz
I 1 6, =360
0.2 -
R T, B (T ] M O
0'00.0 0.5 1.0 1.5 2.0

Volume height h, (m)

Good sensitivity to snow volume

can be archived for K = -2..7 m'

corresponding to baselines of

bl = 5., 8 km -> terraSAR-X (h = 514 km)

b| =10..30 m -> airplane (h, =2.5 km)

AGL
b =15..25 m -> airplane ( h, . =15 km)

KA
47

BL:AQROISIHQ 'RO

2 Layer Scattering Model

angle of
incidence



TDX

TSX

TSX

370.8

06/10/2011

Baseline overview for TanDEM-X

Perpendicular baselines (m) between TanDEM-X and TerraSAR-X for Churchill datasets.
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DEM generation with TDX

-> gap filling algorithm



Generation of a DEM




TanDEM-X Pol-InSAR: DEM(VV) vs. DEM(HH)

B

-10° phase difference Ap ~ *+10°|

06-Oct 2011  17-Oct 2011 28-Oct2011  08-Nov 2011 19-Nov2011 11-Dec2011 22-Dec2011  02-Jan 2012

lake1
S —  “tundra_static
‘en_static
peat
plateau
7 °r = dry fen1
g delta
g platform
5 “ “low_forest
2‘ H - phit1_tundra
phi2_tundra
orest_static
~ @ -
Ak § S § § X T g § o low_plateau
3 z = 5 = 4 z g
¥ 0§ 0§ 8§ @8 § % %
-87 -76 -65 -54 -43 -21 -10 1
days after 1/1/2012
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TanDEM-X: Double D-InSAR

: 'i_
4
\ .\'
oY phase differen -
- . I phase (rad) n
A0 I

06-Oct 2011 17-Oct 2011 28-Oct 2011 08-Nov 2011 19-Nov 2611 11.-Dec 2011 22-Dec 2011 02-Jan 2012

et

Differential complex coherence y,y(t+11) « ¥y,t) 33
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Interferometry data churchill

- Abs_coherence
- complex interferogram.
( - interferogram)

2010/2011

2011/2012




