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| maging Radar - General

e RADAR = RAdio Detection and Ranging

e Uses the microwave region of the
electromagnetic sl:)ectrum.

. Waveleng";lﬁs used in imaging radar range
etween I mm and I m

. Longer wavelengtlﬂs are used for communication
and navigation.



MICROWAVE REGION
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Radar Bands

Wavelength Range and DescriPtions

e Ka, K, and Ku Bands

very short wavclcngtl'ls used in carlg airbornc radar sgstcms but uncommon todag

* X~-band

used cxtcnsivclg on airborne sgstcms for military reconnaissance and terrain maPPing.

« C-band
on many airborne research sgstcms (CCRS Convair-580 and NASA AirSAR) and sPaccbome
systems (including ERS-1 and 2 and RADARSAT).

e S-band

used on board the Russian ALMAZ. satellite.

e L-band

used onboard American SEASAT and Je apanese JERS-1 satellites and NASA airborne sgstcm.

P-band

longcst radar wavclcngths, used on NASA cxPcrimcntal airborne research sgstcm

Murchison
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IMAGING RADAR -~ ADVANTAGES

Active system (works day or night).

There is also passive microwave imaging (radiometer)
mode. This senses surface radio-emission, which can be
converted to radiant temperatures.

Not affected by cloud cover or haze if A > 2 cm. It operates
independent of weather conditions. Water clouds have a
significant effect on radar with wavelength A < 2 cm.

Unaffected by rain A > 4 cm.

Can penetrate well-sorted dry sand in hyper-arid regions to
a depth of about 2 m.

Murchison



TERMINOLOGY

RAR: Real Aperture Radar
SAKR: Sgnthetic Aperture Radar

/

SLAR: Side~loo|<ing airborne radar (coulcl be
RAR or SAR).

SIR: Shuttle imaging radar (a SAR)
% missions: SIR-A (1981), SIR-B (1984) and SIR-
C (1994)

IN?)AR: Interfereometric SAR. Can be satellite or
alrborne.

SRTM: Shuttle Radar Topographg Mission (an
NSAR mapping mission)

PSSAR: Permanent Scatterer Sgnthetic Aperture
Radar

Murchison



Sgntlﬂetic Aperture Radar — Sgstems and Signal
Processing

APERTURE

OPtics . Diameter of the lens or mirror. The |arger the
aPerture) the more Iight a telescol:)e collects. Greater
detail and image claritg will be aPParent as aperture
Increases.

2 4m Hubble SPace Telescope
10m Keck, Hawaii
16.4m VLT (\/erg Large Telesc:ol:)e), Chile
50m Eurob0
100m OWL (OverWhelminglg Large i)

ol & &, httl:)://www,PPttht.com/r/ZﬁOZ§O4-/



OVERWHELMINGLY LARGE TELESCOPE

8-m diffraction-limited
Pixel 0.006 arc secs
Exposure ~160 seconds
(Enlarged 5x)

HST - Pixel 0.02 arc secs
Exposure ~1600 seconds
{(Enlarged 10x)

VLT - Seeing 0.20 arc secs
Pixel 0.045 arc secs (Test Camera)
Exposure ~620 seconds (Enlarged 10x)

OWL diffraction-limited
Pixel 0.0005 arc secs
Exposure ~1 second

oj



What is INSAR?

* Method using an orbitir;g satellite that emits and
receives radio energy in the form of waves

*Carries two tgpes of information.

® |nformation about surface from which radio

waves reflected carried in strengthj intensi’cgj and

Phase chages of signal

’Changﬁs N roundtril:) distance seen through
Phase changes of the radio waves.

Pablo, Mattioli)Jansma



Sgnthetic Al:)erture Radar — Sgstems and Signal
Processing

REAL APERTURE VS. SYNTHETIC APERTURE

A

e Real A[:)erture :
resolution ~ RA/L

. SQnthe’tic Aperture:
resolution ~ L/2

lrreslPective of R
Sma Ier, better?!

- Carl Wiley (1951)

ol & &, httP://www,PPttht.com/r/ZﬁOZﬁO‘}-/



IMAGE ACQUISITION

D\ C B A
ERS—-1/2 SAR
;10 m, D:1m
Altitude: 785 km, sun~59nchronou5 orbit http://
www.radartutorial.eu/
Ground VCIOCitg: 6.6 l(m/s 20.airborne/abo7.en.html
ook Angle: Right 17°-23° (20.355° mid-swath) b

Slant Range: 845 km (mid-swath) Frequency: C- Band (5.3GHz,

5.6 cm) ANTENNA 7| § /

f:ootprint - 100 km x D km ;/
Incidence Angle: 19°—26° (2% ° mid-swath) o5 Z I
Sampling Rate: 18.96 MHz

ELEVATION BEAMWIDTH = &/ D

Pulse duration: 37.1 us

Range gate: ~ 6000 us
Sampling Duration: ~ 300 us (5616 samples)
lnter~Pulse Periocl: ~ 600 us ( uPto 10 Pulsc:s)

Pulse Repetition Frequency: 1700 Hz
Data Rate: 105 Mb/s (5 bi’ts/sample)

FOOTPRINT

= of )
ol & &, httP.//www.PPtth’c.com/r/ZﬁOZﬁO‘%/ AEARNERY



SAR SYSTEMS

SPacebome SAR

SEASAT-A (USA, 1978), SIR-A (USA, 1981), SIR-B (USA, 1984) , SIR-C/X-SAR (USA,
Germany, !talg, 1994), ALMAZ-1 (Russia, 1991-199%) , ERS-1(EU, 1991-2000), ERS-2 (EU,
1995-), JERS-I (Japan, 1992-1998), Radarsat-1 (Canada, 1995-), SRTM (USA/Germany,

2000), ENVISAT (EU, 2002),

RADARSAT-2 (Canada, 2005), PALSAR (JaPan) 2004), LightSAR (US)*, TerraSAR
(Germang)*, MicroSAR(EU)*

Airborne SAR

TOPSAR (UPL, USA), IFSARE(ERIM/ Intermap, USA), DO-SAR (Donier,Germany) , E-SAR
(DLR, Germany), AeS-1(Aerosensing, Germany), AER-II (FGAN, Germany), C/X-SAR
(CCRS, Canada), EMISAR (Denmark), Ramses (ONERA, France), ESR (DERA, UK)

Planetary SAR

Mage”an (US, 1990-1994) , Titan Radar Mapper (US, 2004), Arecibo Antenna, Goldstone
antenna

* Under develol:)ment

ol & &, http://www,PPttht.com/r/ZﬁOZﬁO‘%/



SAR SYSTEM MODES

larget — the Earth or Plane’cs

Vehicle — stationarg, airborne) sate”i’ce) or sPaceshiP

Mode — monostatic and/or bistatic

Carrier {:recluencg -XG 5, L and/or P bands

Polarisation — HH, W, VH, HV (single~Pol, cluaLPol, 1Cu”~Pob
Imaging geometry — strip, scan, spot

<examp|es>
SIR-C/X-SAR: space shuttle, mono, L/C/X, 1Cu”~l:>ol.
ERS-1/2, Envisat: Earth sate”ite, mono, C, VV.
SRTM: space shuttle, mono/bistatic, C/X, HH/WV.
Arecibo Antenna: Planetarg) stationary, mono/bi, multi-bands, multi-Pol.
Mage”an, Cassini SAR: Venus and Titan, mono, S, HH.
AIRSAR/TOPSAR: airborne, mono/bi, L/C/P, Fu“~|:>ol

ol & &, http://www,PPttht.com/r/ZﬁOZﬁO‘%/



RANGE COMPRESSION

Linear Chirp Signal
% Chirp autocorrelation Function

40

Example Chirp

30

20
Matched l:iltering Ll
— X AM\M\AA(\n ﬂn,\,\,\,\mﬂvﬁvﬁ L 5
& —6’.1—%"""VUU UUV"""‘GYS 1
Siok
For ERS-1/2,

Pulse duration (T):37.1us
Bandwidth : 15.5 MHz

Half power width of autocorrelation function: 0.065 us
Pulse ComPression Ratio: 575 (ERS-1/2)
Ground Range Resolution: 125 m

lnPut T g Rangc Fe e 2 2 2 & Range Matched Filtering > Rangc MU S essxw

ol & &, httP://www.PPtth’c.com/r/ZﬁOZﬁO‘%/



RANGE MIGRATION

Flight Path

Point Ta reget

Linear Quadratic
(Range walk) (Range Curvature)

> Azimuth FFT

ol & &, httP://www,PPttht.com/r/ZﬁOZﬁO‘}-/



| eft side: range mitigation curve and rangewalk for
airborne SAR — consider earth fat and stationary ,

range mitigation curve relati\/elg Hat.

AIRBORNE PLATFCRM SATELLITE PLATFORM

R : e e e
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.............

http: // www.geo.uzh.ch/ ”Fpaul/ sar_thcorg.html



Right side: range mitigation curve and rangewalk for
spacebome SAR — have to take into account that earth
IS sphere and “moving” (From rotation of earth).

AIRBORNE PLATFCRM SATELLITE PLATFORM
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http: // www.geo.uzh.ch/ ”Fpaul/ sar_thcorg.html



RANGE MIGRATION COMPENSATION

\4

After Range Walk ComPcnsation

Rangc Migration

ol = &, ]‘lttP:/ [/ www.PPttht.com/ r/2f102304/

\4



AZIMUTH COMPRESSION

59 nthetic Apertu re
Real ‘
APerture Ko
1 T |_
Vi
5 R
. S
R
e L Sy Dopplcr Shift (Linear Chirp Pulse)
b
%
A: wavelength
L: Antenna Iength For ERS-1/2,
Coherent Integration Time (S): 600 ms (5 km ?ootprint)
Azimuth Foo’cprint width: Matched Bandwidth: 1260 Hz
5 l<m (ERS-1/2) Filtering Half power width of autocorrelation function: 0.8 ms
> Pulse ComPression Ratio: 756 (ERS-1/2)
Azimuth Resolution: Sm
> Azimuth Matched Filtering > Outpu
£

ol & &, httP://www,PPttht.com/r/ZﬁOZﬁO‘%/



SAR FOCUSING — POINT TARG!

azimuth

o] & &, http://www.ppt2ixt.com/r/2f102504/
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GEOMETRIC DISTORTION

Terrain lmaging Geometrg I:oreshortening
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o] & &, httl:)://www.PPttht.com/r/ZﬁO?jO‘l-/



SAR Relief Displacement, f:oreshortening, and Layover

https: // cnginccring.Purduc.eclu/ ~bethel/. sar_relieF.Pc]{:



SAR Relief Displacement, Foreshortening, and Layover

(12

e N 3101 s e

Fig. 6. Layover and foreshortening. Scene viewed from aircraft
B is subject to foreshortening. Scene viewed from aircraft C is
subject to layover.

users.ece. gatcch .edu/mrichard/AESS%201 FSAR%ZOTutorial.Pclmc



Lagover occurs when the radar
beam reaches the toP of a tall
feature before it reaches the base.
The top of the feature is clisplacecl
towards the radar sensor and is
clisP aced from its true grouncl
MEosi‘cicm -1t 'lags over' the base.

Images also on http: // hosting.soonctca/ eliris/ rcmotcscnsing/ blolec.html

chison



FORESHORTENING

Even if there is no lagover, radar returns from Facing
stee slopes will make the terrain look steel:)er than it
is. This is known as ‘Foreshortening’. Features which
show lagover in the near range will show NN
Foreshortcning in the far range. \

/

1 \ R ~ 7
|‘ \\ _ /‘\\ p vy
\;A \5‘4‘/‘,4\
1 H i
| l I I

C D A B

l:oresl’uortcning occurs because radar measure distance

in the 5|ant~range direction such that the slope A-B
appears as compressecl in the image (A'B) ancF slopc C~
AL s Dis severel\g compressecl @iz



Radar Shadow occurs when the radar beam is not able to
illuminate the ground surface.

Radar Shadow Hi“y Terrain

Radar Shadow

http: /i hosting.soonct.ca/ eliris/ remotesensing/ blmolecis. html



All Together

FQ?/QRTEMNG‘.

.,’ ."‘

www.geo.mtu .edu/rs4hazards/links/ Bruning_SAR_Pd{:. Pd{:



Topo irregularies can have a signhcicant effect on the
image. Slopes Facing the radar are sué)ject to a distorted
aFPearance. The terms lagover an Foreshortening

Yy to this appearance. In most instances, Iagover and

a
g)reshortenmg Produce the same end rest Msually..

-
\/Pumdru:'.ion.

- Teeraio 30pos 38eeper TR thiso Lnos
W B Imaged with lipover

)
httP: //rst. gs?c. nasa. gov/ Sect8/Sect8 4. html

i o
' 1
F Layaves !

!
Resulting image: ¢ '
(9round ranqo foemat)




SAR Perceptual COI"I{:USiOﬂ "

& \;“%’ﬁh &

APPARENT VIEW

ACTUAL VIEW

slant range

& \b“%*“b

I
o : ".‘ih‘,;::%

Figure 5-10. Perceptual confusion in synthetic aperture radar (SAR) images —
images obtained from the side appear like images obtained from overhead.

N

Peoplc.eecs.ku.ec]u/ ~callen/826/826 | nSAR_basics-SO9.PPt
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Reflection off a smooth surface
The angle of incidence, i, equals the
angle of reflection.

Double Bounce
{Corner Reflector)

N

Yolumetric Scattering
Example scattering in a tree

Scattering Mechanisms

N,
/\,\/W\

Scattering off a rough surface
The variation in surface height is on
the order of the incoming signal’'s
wavelength.

ARSI TRINS. 7 1¥i

Double Bounce
One possible natural occurence -
reflecting off two smooth surfaces,
grass and a freshly-cut tree's stump

X

Yolumetric Scattering
In this example the incident radiation is both
reflected and refracted/transmitted through a
layer of dry snow. The refracted radiation then
reflects off underlying ice, scatters off a chunk
of ice in the snow, and finally refracts back
toward the receiver.

o] & &, http://www.PPttht.com/r/zFloz§O+/



RULE OF THUMD IN SAR IMAG!

—

-Backscattering Coefficient

«Smooth — Black
-Roug}'l surface — white

«Calm water surface — black
*Water in winclg d89 — white

Hills and other large~sca|e surface variations tend
to appear ]:m’ght on one side and dim on the other.

eHuman-made objects ~ bright spots (corner
reflector)
-Strong corner reflector- Bright sPottg Cross
(strong sidelobes)

ol & &, httP://www,PPttht.com/r/ZﬁOZﬁO‘}-/
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. INTERFEROMETRIC SYNTHETIC
APERTURE RADAR (INSAR OR
IFSAR)

Is a PFOCCSS WhCT‘C]DH raclar images O]C thC same Iocation on
tl’]C grouncl arc recorciecl by
Two antennas of one Pla’mcorm separatecl bﬂ a few meters (single
Pass), or
The same radar system at ditferent times (multi-Pass or repeat-

Pass)
Applications on
Elevation (DEM) derivation (single or multi Pass)

Can be as accurate as DEM from traditional oPtical Plﬂotogrammetric
technic]ues. However, INSAR oPerate througlﬂ clouds) dag or night.

The first worldwide DEM (99.97%) was acquirecl in 2000 139 SRTM,
not bg the Photogrammetrg

Surface clisplacement studg (multi~l:>ass onlg)

Hongjie



EXAMPLES

One SAR with 2 antennas (sing|e~
Pass)

AIRSAR/TOPSAR

Along track interferometric mode (AT
(L and )

Ocean current ancl waves

Cross track interferometric mode (TXD
(LorQC)
DEM (3-5mor1m)

Shutter Radar Topographic Mission
(SRTM)

y

C band and X band antennas sel:)arateci
bg 60 m

One SAR in different times (multi-
Pass)

SIR-C

ERS12

Hongjie

Main Antenna

Outhoard Antenna

Reflected radar signals collected at two antennas,
providing two sets of radar signals separated by
a distance.




Interferometry

—
m Study of interference patterns from two sets of
electromagnetic waves reflecting from

surface
E.g., thin film of oil on water

® \When we measure the radar pulse, we
consider not just the amplitude but the phase too

distance

Phase (cycles) =
wavelength

y. mm — wavelength
BT

M‘ Y 5 4]
Figure 1: Wave Graph

Phase is total number of cyclcs at any given distance (or
target) from transmitter, inclucling fractional part. One
£t cgcle of Phase is equal to 360 clegrees (or 2m).



Can make use of this information with 2
recelving antennas

Figure 2: One Receiver Figure 3: Two Receivers

interferometric phase /
1 15 2

Phase difference called “interferometric Phase” ~
determined bg subtracting measured phase at each end
of baseline, IS ac:tua”g the distance difference from each
ot receiver to same target.




CALCULATE ALTITUDE

z(y)=h-p*cost M

0 ¥ "

(0+00)’ = p> +B> =2pBcos(90 -0 +a) = p* + B> + 2pBsin(a - ) )

» A@,
1% e
(Phase ditference) 7 —2Bsin(a - 0)

Hongjie @ is the fractional Phase (value 0-2n radians), A is wavelength



Repeat-pass interferometry

———
m |[f we don't have a single vehicle with 2

antennas, we can use repeat-pass
interferometry

Same vehicle, different days, slightly different
position

This also allows us to detect subtle changes in
surface elevation between the passes

Hongic
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How Does INSAR Work?

| Different acquisition
geometry

D, % @,

time T0+At

1st acquisition 2nd acquisition

Copyright:- Tele-Rilevamento Europa - T.R.E. s.r.l. - 2004




How Does INSAR Work?

Signal Phase contribution of a single SAR
acquisition can be expressed as:

¢:l//+4/{fr + (O + noise

W = reflectivity of the target
%’ = distance between sensor and target
o = atmospheric phase contribution

Copyright - Tele-Rilevamento Europa - T.R.E. s.r.l. - 2004




Radar Signal Polarization

Polarization of the radar signal is the orientation of the
the electromagnetic field and is a factor in the way In
which the radar signal interacts with grouncl o]:>jects and
the resulting energy reflected back.

Most radar imagjng sensors are designed to transmit
microwave radiation either horizonta y Polarizecl (H) or
vertica"g olarized (V), and receive either the
horizontaﬁg or vertica"g Polarizecl backscattered
energy. v

[)

=



Polarizing Radar has four Possible combinations of both
transmit and receive Polarlzations as follows:

HH - for horizontal transmit and horizontal receive,
WV - for vertical transmit and vertical receive,
HV - for horizontal transmit and vertical receive,

(cross-polarized)

al receive (cross-

VH - for vertical transmit and horizon

Polarizecb . v

H

L)
A

<2



NASA’s Shuttle Radar Topography Mission

B S|R-C/X-SAR flew two 10-day missions
= April and October 1994
= L-band, C-band, and X-band
B |Instrument was then converted to an interferometer
= C- and X-band only
= 2nd receiving antenna added

m SRTM flew a 10-day mission in February 2000
m Collected data on most of the land surface hetween

60°N-54°S
BOtI"I C (5.6 Cm) and x (5 cm) Main Antenna
bands in the Main Antenna \ J T
transmit and receive radar signals, S Outooard Antenna

)

bUt in thC OUtb OarCl Antcnna Onlﬂ Reflected radar signals collected at two antennas,

providing two se?s of radar signals separated by

FEs l"CCCiVC signals. a distance.



SRTM COVERAGE MAF

SRTM COVERAGE MAP

-80
=180 -150 =120 90 50 -30 o 30 &0 S0 120

ancj@l1 23 B LONGITUDE waTeER|0 |1

150 18C

vonge  To download from here ht‘tp:/ A seam|css.usgs.gov/




Simplified Geometry for an
ERS Satellite

FOOTFPRINT

BEAMWIDTH = A/ 71

3-Dimensional view of INSAR geometry.

Graphics ]CFOITI unlmown source



~10 cm of uplift produces ~3 fringes of deformation

Colors on an inter&:rogram map into elevation Cl‘uanges.

l:ringes — each one signhcies Change of 1 wavelength.

Graphics ]CFOITI unlmown source



SAR satellites

repeat wave-

cycle length
(days) (cm)
European ERS-1/ERS-2 1992-2001(+) 35 6
Canadian Radarsat-1 1995-present 24 6
European Envisat 2003-present 35 6
Japanese ALOS launched Jan. 2006 48 24
/ German TerraSAR-X launched July 2007 Ny 3 | ‘
/ Italian COSMO/SkyMed 2 launched 2007 1612 3 ‘
/ Canadian Radarsat-2 launched Dec.2007 24 6 ‘

e R T 3\



SIDE INFO: ASTER GLODBAL DEM

This is not from INSAR tech, but It has an alo o~
track stereoscopic capa ility using its near in?rarec
5Pectra| band and its naclir~viewing and backward-
Vlewing telescopes to acquire stereo image data with
a basé-to-height ratio of 0.6.

50 mIn Pixel size
50 m accuracy in horizontal and 20 m accuracy In
vertica
Free downloaded from

http:/ /Www.gdem.aster.ersdac.or)l:)/

P
https: /Wist.echo.nasa.gov/ “wist al:)i/
imswelcome,/

Hongjie
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Interfero gram

The data obtained from the satellite is mainlg used to
create an inter{:erogram like the one showed in Figure . An
interFerogram IS ac:tua”g a combination of 2 images of the
exact same area with a time elapse in between. When these
images are overlaid the change In Phase shift can be color
cocizcl and will then show the deformation of a gjven area.



interf:erogram of the 1992 |_ander’s E‘artlnquake

Pablo, Mattioli,Jansma



Gc’c’cing from raw satellite data to an intcherogram 1s not
a easy process. Luckily, there is a software program

known as ROl PAC or Repeat Orbit Interferometric
Package which lﬁelps a lot with this Eroceclure. Using this

software Package there are just a

i eW SlfﬂPIé stel:)s that

must bc o”owccl.

y Acquire 2 frames of data collected at ditferent times
From the same location.

Y Acquire or
4 Acquire a cligita
® Set

bital data for orbits in question.

elevation model for area in question

up environment variables

® Condition the raw data

pablo, Mattiol Jansms ® Run through ROI_PAC




Condition Data Condition Data

< Fomsier > Fomsicz
e Poin

Form Interferogram
&

Remove
Topography

(Re)Estimate
Baseline

ost-Process e Data .
"""" &

courtesy Mark Simons

Eric I:ielding



e Mountainous terrain arounc]
Long’s Peak, Colorado

lnter{:erogram

S
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José M. Bioucas-Dias



® InSAR can resolve surface clisplacements with ~cm
Precision, 10s m spatial resolution, and monthlg
temPoral resolution using remote satellites

/

e Global coverage; clag/m%ht) all-weather imaging
capabﬁﬁes
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Coseismic — Maule 2010

http:/ /: suPersites.earthobscrvations.org/ chile. PhP#SAR
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PALSAR ScanSAR-ScanSAR interferometry
Path:422, Master: 2008/4/10, Slave:2010/3/1
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PALSAR level 1.0 data are shared among PIXEL (PALSAR Interferometry Consortium
to Study our Evolving Land surface), and provided from JAXA under a cooperative
research contract with ERI, Univ, Tokyo The ownership of PALSAR data belongs to
METI (Ministry of Economy, Trade and Industry) and JAXA
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lntchcrograms
derived from ALOS
PALSAR data
Proccssecl ]33
Xiaopeng, Tonr% an
David Sandwe using
GMTSAR. kmz-files
are available at FI:P:/ /
toch.ucsc].eclu/
Pub/ chilc_cq/
chilc_insar.ziP Al
raw data are available
to WInSAR
investigators. Send e~
mail to
dsandwelleucsd.edu.

suPcrsitcs.carthobs
crvations.org/

chilc.PhP#SAR
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lntchcrograms
derived from ALOS
PALSAR data
Processed bg
Xiaopeng, Tonr?; an
David Sandwell usin
GMTSAR. kmz-files
are available at {:'I:P:/ /
toch.ucsc].eclu/
Pub/ chilc_cq/

C ilc_insar.ziP Al
raw data are available
to WInSAR
investigators. Send e~
mail to
dsandwelleucsd.edu.

suPcrsitcs.carthobs
ervations.org/
chilc.PhP#SAR

286°

Processed with GMTSAR
{available at
ftp:/ftopex.ucsd. edu/pub
/gmtsar)

ALOS PALSAR
FBS and ScanSAR
Track: 422

Reference (FBS)
Orbit: 21173
Frame: 4330-4380

Repeat (SW4)
Orbit: 21844
Frame: 4350
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Matt Pritchard



After slip, or
visco-elastic
relaxation ?

Aftershock
M=5.1, 4 Dec 92

Post-seismic
rebound
caused

by pore
fluid flow

Fault creep

Postseismic - 1992 Landers

POST-SEISMIC SURFACE MOVEMENTS FOLLOWING

THE LANDERS, 1992 EARTHQUAKE
ERS-1 interferometric map, 27 Sep 92 - 23 Jan 96

‘ : " "‘{‘ !

N L4

» ’.\,
WA < 3

range Change 0 T T 5.6 cm G. Peltzer, JPL, 1997

Relcasing stepovers (Pu”
aPar‘cs) rebound, aFtersliP
or v-¢e relaxation,
amctershock) creep.

Massonnet & l:cigl, 1998



Postseismic -~ 1999 Hector Mine

Near field: Shallow a{:terslip and fault

zone c:o"apsc?

Jacobs, AL, Sandwc“, D., I:ialko, Y. and
L. Sichoix, BSSA, 2002.

Observed Range Change
10/20/99-6/21/00 Upper Mantle Flow Model

A~

B SRERWL &8 .
0 28.3 mn
— ]
0 Range Change 2n

Far field: U per mantle relaxation?
1Pollitz et al., Science, 2001
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26 mm/yr slip below 12 km

creep from 1-1000
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N 34° 00
| ine of sight
33° 45 sy
Velocﬂ:les rom
o StaCkCCZI (more on this later)
590 INSAR
clata
33° 15
35 intemcerograms

33° 00

! | El:)och:
32° 45

: 1992-2000

e ! 32° 30
243° 30' 244° 00' 244° 30 245° 00 Fialko, Nature 2006




34° 15'

34° 00
L ine of sight
33° 45' s
Velocﬂ:lcs rom
stacked INSAR
%0 data

33° 15 i
55 mterferograms
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INTERSEISMIC - SAN FRANCISCO BAY AREA

(Burgmann et al., Science, 2000)

o [ ht—-year
inter erogram
showing:

e FElastic strain
accumulation across San
9.3

Andreas fault sgstem

. Creep alon Hagwarcl
fault 0 )
i
e Rebound of Santa Clara Rang:;ange —-—
Va” ey ]Crom 3 quhcer 9/23/1992- 4/8/2000 B

T'CCh a rge



MAGMATIC ACTIVITY: DETECTION
AND INTERPRETATION

| ocation and gcomctrg of magma
reservoirs

Dgnamics of magma supplg

PFCCUI"SOT'H Pl’TCﬂOméﬂa
Intrusion

Eru Ption

Fialko



VOLCANIC
INFLATION
THREE SISTERS,
CASCADE RANGE

(Wicks et al., Science, 2002)

North
Sister

South
Sister

Brok en
Top

Qeeed

Mt. Bachelor

Range Change
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21 April 1999

Amplitude Phase

Interferogram Orbital effects removed

5 v 2 e s
" s “'%“ PN 1
o \

Persian InSAR
Gulf scene

Coherence

Earthquake
deformation

Earthquake
catalog
locations

Atmospheric
effects

Using INSAR to imProve earthquake locations (assuming
it causes surface cle?ormation) — can also look for
craters associatecﬂ with underground nuclear tests.

Matt Pritchard, 2006 %



New techniques: Time series of interferograms

Matt Pritchard

The Basic Idea...

Interferogram Number




New techniques: Time series of interferograms

The Basic Idea...

Interferogram Number

Date

v

A stack of interferograms provides multiple constraints on a
given time interval

Matt Pritchard



New techniques: Time series of interferograms

The Basic Idea...

Interferogram Number

Date

\ 4

Goal: Solve for the deformation history that, in a least-squared sense, fits the set
of observations (i.e., interferograms),

Many different methods (e.g., Lundgren et al. (2001), Schmidt & Burgmann, 2003),
but SBAS (Berardino et al. (2002)) is perhaps most common one

Matt Pritchard



Persistent scatterers (PS or PSInNSAR)

« Select pixels with stable

scattering behavior over time Long Valley Caldera,

Hooper et al. 2004

* Only focus on “good” pixels R

= | Leveling ]
% 181.1 GPS

3] EDM ﬁ% ~
InSAR g 181H PS InNSAR 1

=

. . [a]
— Spatial coherence @ 1 time § 180.9;‘% 1

— Need neighborhoods of good e s | | | | | | | |
pts 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002
Year
PS
— Coherence @ 1 point &8 &5 ™ s ge L S S

— Need > 15-20 scenes

e Added bonus:
DEM errors!

Matt Pritchard From: Rowena Lohman @



StaMPS method (Hooper et al., 2004)
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Example: lmPerial Va“ey, CA

Matt Pritchard From: Rowena Lohman



SIR-C image of Nile Paleochannel, Sudan

e T et%) imagc Is a hotc)a(gra h taken with colo imcﬁarcg.T e radar imagc at

the bottom is a SIR-C/X=SAR im ge. Thet ick, white ban int)heto n%fc

O rhc radar image i an ancient channe of t e Nile t a‘i.lis now burie nder
ayers or san . This annclca not pe seen in ‘chc otogra aerﬁﬁts
existence was not known before this radar imag was processed.

Murchison



SUDBSIDENCE DUE TO GROUND WATER

Wl TH D RAWAL. (PRESENTATION HAS EXTREME VERTICAL EXAGGERATION)

I think this is from Amelung 79



REVIEW: WILL INSAR WORK FOR YOU?

What s the local rate o1c degormation?

Sensitivit9 of single igram “lcm
How many years to get signal this big and will it be overcome 1:)9 noise”?
Can you s’cack several igrams together?

What is the scale of deformation?

Pixel size “10m, but genera“y need to average many together
Image size is "100 km, but if too broad worry about Precision of orbits

What is the local noise?
How much vegetation/ Precipitation/ water vaPor/ human cultivation?

Can you onlg makedigrams wi’ch data From ’che same seasons?
Can you get L~ban data and find Persisten’c scatterers?

What data is available?
Is there data from multiplc satellites and/ or imaging geometries?

Is a digital elevation model available?

Do HOU ﬂCCCl raPid FCSPOI’ISC ]COF hazarcl assessment?

Matt Pritchard



REVIEW: HOW TO SET UP INSAR CAFPADBILITY?

1) Establish access to data
« Main sources: see next slide

« How? Can be purchased coi:mercia”

y, Lower cost/ no~c{c-)st data available Wi’ch restrictions. In Europe,
through ESA. | ISH through ASF and UNAVCO. Some

oreign access is allowed to UNAVCO

Ean useful i?tggerograms be made gﬁi’c available data? IY;@TE? aé;}cogxg grounciﬂ conditions, raélar wavelength,

requency o servations, perpendicular aseline, ava vance Processing tec nic]ues
2) Purchase/ Install software to process and visualize data
. OPen source: ROI_PAC, DORIS, RAT and IDIOT (TU Berlin)
« Commercial: Gamma, TR Europa, Vexcel/ Atlantis, DIAFASON, SARscaPe
%) Download/create DEM (SRTM is onlg +/- 60 degrees latitude, but ASTER G-DEM in 2009)
4) Pownload Precise orbital information & instrument files (Onlg ERS & Envisat)

5) lnterpret results, create stacks, time series, Persistent scatterers. M39 need to bug/ downoad/ create new
sortware

6) Publish new discoveries and software tools!

Matt Pritchard



FOR MORE INFORMATION:

«Good overview of classical & space based geodesg (but no INSAR): John Wahr’s online textbook httg:/ /

samizc{at. miﬂCS.CClU/gCOdCSU

eIntroductions to INSAR:
2 page overview from Phgsics Today http://www.geo.corne”.edu/eas/PeopleP!aces/Facultq/matt/vo|59no7'pés 69.P<JF

«Overviews of applications: Massonnet & l:eigl, Rev. Geophgs., 1998; Burgmann et al., AREPS, 2000.

*More advanced InSAR:
The definitive SAR book: Curlander & Mc&onough, 1990

*More technical reviews: Rosen et al.) IEEE 2000; Hanssen'’s Radar ln’cemcerometrg book, 2001; Simons &
Rosen, Treatise on Geophgsics, 2007;

*Time series analgsis: Berardino et al., IEEE, 2002; Schmidt & Burgmann, JGR, 2005

sPersistent scatterers: Ferretti |JEEE, 2001, Hooper et al.) GRL, 2004 Kampes’ Persistent Scatterers book)
2006

Matt Pritchard



