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Where in the world am I?

ÅM agnitude 6.6 earthquake: 26 D ecem ber 20 03  in B am , Iran

Å A rid and m ountainous region w ith frequent earthquakes
(collision between Arabian and Eurasian plates)

North

Bam

Baravat

10 km
20 km

Interferogram courtesy of Yuri Fialko
Landsat satellite image from 1999, from 
Funning et al., 2005

ÅPreviously unm apped fault 
(right -lateral strike -slip)

From: Farsinet.com



Where in the world am I?

ÅCity of ~80,00 0 people -- about 80% of the city destroyed
~30,000 casualties, mostly from collapse of mud roofs

North

Bam

Baravat

20 km

From: FEMA

2,000(?) year 
old citadel 
destroyed by 
earthquake



What am I looking at?

North

20 km

Å E ach fringe: contour of ground deform ation in direction of satellite radar beam

ÅEach scene:
Å20 meters per pixel
Å10 0 õs of km  per im age
ÅResolve deformation ~mm/year

ÅThis example: 
ÅFrom European space Agency 
Envisat satellite (5.6 cm radar 
wavelength)

ÅEach fringe is 2.8 cm of 
deformation



Intro to InSAR: How does it work?
ÅTwo Radar images from space:

Data is complex: has amplitude and 
phase

ÅPhase change between images depends 
on several factors that must be 
removed before measuring deformation

Wright, 2002

Courtesy Rowena Lohman



Visualizing 3D deformation in a 1D interferogram
ÅS tep 1: Fault m otion produces 3D  deform ation field

ÅS tep 2: Project 3D  deform ation onto satellite radar line -of -sight

ÅS tep 3: Create a fringe every l/4 p centim eters (òw rapped im ageó)

Both images:
Funning et al., 2005



Reconstructiong the full 3D deformation field

ÅUse interferograms 
from different satellite 
look directions 

ÅPLUS: use the 
amplitude images to 
track pixels that moved 

Fialko et al., 2005

Inferred vertical displacement Inferred horizontal displacement

Observed interferograms Observed pixel tracking

Before After



Who cares?  What have we learned about earthquakes?

1) Shallow slip deficit

ÅT o be released in
future earthquakes?

ÅT o be released
aseismically?

ÅR esult of bulk
Inelastic failure?
(e.g., numerous small
faults instead of 1 big one?) Funning et al., 2005 Fialko et al., 2005

10 km
Harvard 
Catalog

Other Catalogs

Mw 5.3 earthquake in southern Iran 
From: Lohman and Simons, 2005

2) Earthquakes mislocated up to 
30-50 km by global seismic networks

3) Power-law viscoelastic and poroelastic response to sudden slip

4) Slow (aseismic slip) triggering earthquakes (e.g., Act 3 of this talk)



D onõt care about earthquakes?
S om e of InS A R õs other greatest hits

From: Amelung et al., 2000

The Ups and downs of Las Vegas
(From Groundwater Pumping)

From: Bamber et al., 2000

Antartica ice stream velocities 
from InSAR/feature tracking

Also: glacier speed -up in 
Greenland: Implications for sea -

level rise

Lost Hills, CA Oil Field
subsidence

Fielding et al., 1998



InSAR: practical considerations

1) Data availability : None of these opimized for InSAR!

Past: European (ERS-1/2 ; 5.6 cm ); Japanese ( JERS; 24 cm)
Present: European (Envisat ; 5.6 cm ); Canadian (RADARSAT-1; 5.6 cm); Japanese ( ALOS; 24 cm)
Future: Canadian (RADARSAT-2; 5.6 cm); 

Repeating passes every 20 -30 days; more frequent for special orbits

Data not acquired during every overflight; can be expensive $100 -10 0 0õs per scene

Lee waves east of the Andean 
Western Cordillera

5 km

2) Orbit control : N eed repeat passes w ithin few  100õs m

3) Atmospheric effects : Not always water vapor 
measurements to remove this effect --
can use multiple acquisitions to reduce this effect

4) Wavelength :  Prefer longer wavelength 
to penetrate vegetation



Comparing radar wavelengths at Hawaii

From: Rosen et al., 1996

InterferogramsCorrelation maps

All images from Space Shuttle (SIR -C) span Apr-Oct 



C-band coherence

ÅHigh coherence 
in dry areas 
(near coast)

ÅNorth -south 
variations also 
related to regional
climate



Uncovering the hidden lives of volcanic arcs

From: Hill et al., 2002

Å A few volcanoes are obviously active

Å é  B ut som e appear dorm ant and arenõt

Å Surface deformation exposes subsurface magma movements

South Sister, Oregon
From: Wicks et al., 2001

1999 Eruption of 
Kliuchevskoi volcano, 
Kamchatka 
Photo by: A. Logan



W hy expose volcanoesõ hidden lives?
1) Hazard: 
Understanding eruptive threat 

Can surface deformation be 
used to predict eruptions?

- Only rarely ð need to establish 
case history at each volcano

Gain a more complete picture of volcano life cycle
What really happens during long repose times?

2) What are the rates of magmatism in different areas?

Separate rate of intrusion and extrusion:
Example: Hawaii and Iceland.  Same output, but maybe different inputs

Why do rates of magmatism vary within arcs and between arcs?

Airplane routes,
From: USGS



Volcano personalities

Å Different volcanoes have different behaviors
ð Deformation and no eruption: e.g. Long Valley caldera
ð Eruption and no deformation: e.g. Lascar, Chile (this study)
ð Deformation and eruption:

Å Pattern: pre -eruptive inflation, co -eruptive deflation, post -eruptive inflation

Dvorak and Dzurisin, 1997

From: J. D. Griggs



Source location

Lazufre: An intrusion without a volcano?

Å Clear lava flows at 
Lastarria é

Åé  B ut nothing in 
betw een òLazufreó

Å Clear lava flows at 
Cordon del Azufre



No fumaroles
at Lazufre

Lastarria fum aroles in é

2002 Late 19 8 0 õs
Photo by M. Simons

Photo by M. Simons

Photo by J. Naranjo


