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Outline
ÅWhat is geodesy?

ÅThe Advanced Rapid Image & Analysis (ARIA) Center

ÅDemonstrate different capabilities of space geodesy (InSAR & GPS)

ÅExamples: Earthquakes large and small, tsunamis, volcanoes,é

ÅWhere do we stand today vs. where we could be in 3 to 5 years

We emphasize the combination of data with modern geophysical modeling 

Caveat:  Currently, all examples are serendipitous
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What is Geodesy?

òGeodesy is the measurement and representation of the 

Earth é, in a three-dimensional time-varying space.ó

http:// en.wikipedia.org/wiki/Geodesy
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1999 Mw 7.1 Hector Mine (CA)

Contours of ground movement

~2.5 cm per contour

20 m per pixel
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A Busy Few Yearsé

Magnitude Ó 8.0

2003 Mw 8.1 

Tokachi-Oki, Japan

2007 Mw 8.1 

Solomon Islands

1995 Mw 8.1 

Antofagasta, Chile

2006 Mw 8.3 

Kuril Islands

2004 Mw 9.3 

Aceh, Sumatra

2005 Mw 8.7 

Nias, Sumatra

2001 Mw 8.4 

Arequipa, Peru

2007 Mw 8.0 

Pisco, Peru

2009 Mw 8.1 

Somoan Islands
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2009 MW 7.6 

PADANG, SUMATRA  

As reported on                  2 days after the event

Amelia Merrick, the operations director for World 
Vision Indonesia, described the situation as òquite 
devastating.ó

òBridges have gone down, phone lines are in total 
disrepair,ó she said. òIt's difficult for us to assess 
the situation.ó
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The Advanced Rapid Imaging & Analysis  (ARIA)
Center for Natural Hazards 

{ŎƛŜƴŎŜ ϧ άƴŜŀǊ ǊŜŀƭ ǘƛƳŜέ 
assessment

2007 Mw 8.0

Pisco, Peru

InSAR and GPS

Seismology

Integrating:

Space Geodesy

Seismology

Modeling

Potential Partners

Earthquake and tsunami 

source models

tǊŜǇŀǊƛƴƎ ŦƻǊ ǘƘŜ ŦǳǘǳǊŜΧ

Subsurface fault slip:

7 meters peak value
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WHAT IS ARIA?

ò Natural hazard science/mitigation/assessment/response
ò Leverages world-leading expertise at JPL and Caltech in

the advancement and exploitation of geodesy, remote 
sensing, and geoscience

ò Sanctioned to span research, technology, demonstration 
& operational activity (a big change!)

ò Start with ARIA-EQ
ò Beyond ARIA-EQ

é ARIA-Magma (Volcanic activity)
é ARIA-Fire (During/after fires)
é ARIA-Flow (Debris flows, deep-seated landslides)
éΧΦ
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THE ARIA VISION

Science Applied Science
Decision Tools 

& Support

ÅEarthquake physics

ÅCrustal rheology

ÅLandslide/debris flowmechanics

ÅVolcanology

ÅHydrology

ÅGeodesy

ÅMulti-spectral imaging

ÅSeismic engineering

ÅDamage assessment from 

decorrelation

ÅVolcano hazards monitoring 

ÅNationwide velocity map

ÅTsunami early warning

ÅFireperimeter tracking

ÅCTBT verification

ÅLandslide tracking

ÅAquifer/oilfield/CO2 monitoring

ÅLevee/coastal/river delta 

monitoring

ÅRapid detection,classification& 

description of events or transients 

with confidence levels

ÅRapiddamage assessment

ÅTsunami early warning

ÅProvisionof public archive of 

various levels of data and 

necessarytools for interpretation

ÅIntegratedproduct (fusion) support 

(e.g., fires perimeters, burn history, 

vegetation types)

ÅTriggered deployments or tasking

of observationsystems
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NOTIONAL ARIA-EQ RESPONSE
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LOTS OF EXAMPLES

oA quick InSAR tutorial (4 quick slides onlyé)

o 1999 Mw 7.1 Hector Mine, CA EQ (ñHaiti-likeò)

ÅObservations of ground deformation

ÅFault models

ÅDamage assessment

o 2005 Mw 7.8 Pakistan EQ

o Small earthquakes

o Volcanic processes

o 2007 Mw 8.0 Pisco, Peru EQ

ÅSubduction zone

ÅModel-based tsunami assessment

o 2007 Mw 7.8 Tocopilla, Chile EQ

ÅHigh rate GPS

ÅTsunami early warning
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InterferometricSynthetic Aperture Radar (InSAR)

InSAR provides:

ü100+ km wide images

ü20 m spatial resolution

üSub-cm sensitivity

üReliable global access

ERS-2 (ESA)
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PHASE - A MEASURE OFTHE RANGE

The phase of the radar signal is the number of cycles of oscillation

that the wave executes between the radar and the surface and back 

again.

The phase measures distance 

(range) in wave cycles (averaging 

over all things within a pixel) 

Interferometry exploits 

the phase information 

as followsé

0
1

2
é

Number of cycles 

(actually millions)

One pixel in an image 

with millions of pixelsđ
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