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Presenter
Presentation Notes
This cover is a perspective of a 1996-2000 interferogram of the Three Sisters. South Sister is in the center of the image.



Transmission of Radar Through Atmosphere

TerraSARX

ALOS, JERS1
ENVISAT, RADARSAT, ERS1-2

Presenter
Presentation Notes
 SAR is active source (sunlight not required)
 SAR platforms can see through the atmosphere rain, clouds, fog…no problem.



A Little Wet Snow 
Attenuates C-Band 
Radar… L-Band 
Does Better



Three Sisters

RADARSAT-ST5
2004-07-23 to 2004-08-16

N

Presenter
Presentation Notes
RADARSAT ST5 45498 (2004-07-23) to 45841 (2004-08-16) Map of coherence. Filtered once with Goldstein-Werner filter: alpha=0.5, nfft=64. 5x5 pixel window used for coherence estimate. Yellow areas are coherent. Uplift area (within read oval) is mostly coherent. Some incoherence from vegetation remains even in 24 days separation.
Bperp=75m



Three Sisters 

RADARSAT-ST5
2004-07-23 to 2005-04-13

N

Presenter
Presentation Notes
RADARSAT ST5 45498 (2004-07-23) to 49271 (2005-04-13). Map of coherence. Filtered once with Goldstein-Werner filter: alpha=0.5, nfft=64. 5x5 pixel window used for coherence estimate. Coherent areas are yellow, area of uplift is within read oval…incoherent because of snow bulidup and vegetation (west).
Bperp=  187m




The azimuth resolution 
of a stationary antenna 
is: Rλ/L

In limit, the azimuth 
resolution of a SAR 
system is: L/2

For an ERS antenna, 
resolution goes from 
~4.5 km to ~5 m using 
the doppler effect from 
the moving satellite.

Presenter
Presentation Notes
Lambda is the radar wavelength.
The synthetic aperture achieved is about 9 km in length.



We use the “two-pass” 
method (Massonnet). In this 
example the first pass is from 
1996 and the second is from 
2000. 

Presenter
Presentation Notes
More reference material on how InSAR works. See how the interferogram is decorrelated west  of the uplift. This is caused by vegetation. The Douglas firs with dense underbrush are not stable scatterers.



The perpendicular 
component of the 
baseline is important 
for estimating 
chances of an 
interferable pair of 
SAR images

Presenter
Presentation Notes
Describe the diagram…two passes. Importance of precise orbit determination…how only the European Space Agency (so far) has done it.
The Critical baseline must (in theory) be less than about 1 km for two images to be coherent, but in practice, it is more like 400m,



Scatterers in one pixel

The phase of the signal returned from one pixel on 
the Earth’s surface is a combination of the phase of 
the scattered radar waves

If the orbital separation (the perpendicular baseline) 
between the two radar acquistions is too great (~ 1 
km for ERS) then the the interferometric phase will 
be incoherent

Presenter
Presentation Notes
Of course it is important to have stable reflectors. C-Band radar sees twigs and needles, which are very unstable from year to year, and with just a little wind. So, here is what the interferogram will look like if the critical baseline is exceeded: Random phase, or speckle.



The interferogram 
has an ambiguity 
related to the 
wavelength of the 
RADAR source.

Presenter
Presentation Notes
Another how InSAR works slide. To know the total amount of deformation at one pixel in an  interferogram, we rely on information from neighboring pixels. Removing this ambiguity is called unwrapping the interferogram. A colorscale is required to interpret the interferogram…value of phase change and direction of phase change.



Presenter
Presentation Notes
Photo (by C. Wicks) of North and Middle sisters from about ½ mile west of Dee Wright Observatory.



1995-2001
Interferogram

Presenter
Presentation Notes
About 130 mm of uplift. Point out unwrapped interferogram on bottom. Thirty years of seismicity recorded by the Pacific Seismic Network (UW) show that this uplift proceeded aseismically, at least until March 2004. March 2004 earthquake swarm is not shown.



1995-2001
Interferogram

Presenter
Presentation Notes
Three Sisters Wilderness boundary is the white dash line (problem for study). White solid line is the Pacific Crest Trail. White thumbtacks are continuous GPS installed in response to discovery of uplift.  WIFE (CGPS) is not shown.



Profile of Uplift
1992-1996

Presenter
Presentation Notes
Point out cross-section. Belknap Crater to center of inflation (nearly) to Mount Bachelor. I will step you through a series of interferograms that show how it grew.



Profile of Uplift
1992-1997



Profile of Uplift
1995-1998



Profile of Uplift
1995-1999

Presenter
Presentation Notes
Now it is real…still noise, but SNR is good.



Profile of Uplift
1997-2000

Presenter
Presentation Notes
Say a word about dielectric constants and order of magnitude change in yearly precipitation across scene from west to east.



Profile of Uplift
1996-2000



Profile of Uplift
1995-2001



Profile of Uplift
1995-2001



Modeling the Uplift
(or forming an idea what it means)

Assumptions
Point Source of 
Inflation
Elastic Half-space
Simple correction 
for topography

Results
Source Depth is 5-7 
km
Total volume of 
material injected is 
0.02 - 0.03 km3

Presenter
Presentation Notes
This is from our 2002 GRL paper. This models a 1996-2000 interferogram. We have also published a paper modeling GPS and a 1995-2001 interferogram in which we said a sill-like body at about 7 km depth best fits the data. Note that in this modeling I have also inverted a parameter to account for a change in water vapor profile that causes a linear variation of interferometric phase with elevation change. 



Geochemical 
Anomaly is 

Coincident with 
area of Uplift

Presenter
Presentation Notes
1995-2001 interferogram. High Cl and SO4/Cl ratios were traced to the headwaters of Separation Cr. in 1988, 1990 by Ingebritsen et al. Iverson confirmed the location of this chemical anomaly in 1998. Groundwater recharge from South Sister carries Cl down the flank, while H2S, in a vapor phase continues to the surface where it enters the springs as SO4. High magmatic C and MORB-like He3/He4 ratios are also found within the area of uplift. 
We interpret the deformation source as a basaltic accumulation at about 7 km depth.
Cl concentrations and SO4/CL rations have not changed measurably since the first samples ~1990.  



In the Three Sisters volcanic 
center heavy vegetation limits 
coherence to the west, and 
snow limits coherence through 
the winter and spring.

Continuous GPS station HUSB 
shows steady northward 
movement from May 2001 until 
the present (~14 mm/year).

Presenter
Presentation Notes
 1995-2001 interferogram, HUSB continuous GPS (topmost circle) installed about two months after discovery of uplift.
 Positions of the other continuous GPS (white circles), campaign GPS (white triangles), roads,(yellow lines), Sisters, McKenzie Bridge, Three Sisters Wilderness Boundary and earthquake swarm from March of 2004. 
 Position of South Sister volcano (red triangle).



Snow Near South Sister on June 30, 2006

Presenter
Presentation Notes
Photo by C. Wicks looking SW from South Sister on June 30, 2006, snow covers much of the uplift area that is coherent later in the summer. Flow rings in Rock Mesa are highlighted by the snow. Rock Mesa is coherent even during parts of winter.



Peulik volcano, Alaska
1996-1997 Interferogram

Lu, et al., JGR 2002

Presenter
Presentation Notes
Peulik volcano inflated aseismically like Three Sisters. Peulik inflated about 17 cm (peak) during one year, slowed in the subsequent year, then stopped inflating with the earthquake swarm from May to October of 1998. The hypocenters appear to be < 7 km depth, but the seismometers are not close enough to constrain the depths well. Even though the earthquakes are removed from the volcano (static stress changes from the modeled intrusion source don’t appear to be strong enough to trigger the Eqs, 0.01 to 0.01 bar). 
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