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Volcanic	Hazards	

Yellowstone 

Caldera  

    ENVISAT IS1 

Record one-year 
uplift  using Space 
Based Geodesy 
Bp = 231 m 

2004/10/08 to 2005/09/23 

C. Wicks, USGS  

Look	



Volcanic	Hazards	
•  Okmok	Volcano	

ENVISAT interferogram of Okmok volcano, 
Alaska, spanning 2003-2004. Located in 
the central Aleutian arc, Alaska, Okmok is a 
dominantly basaltic complex topped with a 
10-km-wide caldera that formed circa 2.05 
ka. Okmok erupted several times during the 
20th century, most recently in 1997; 
eruptions in 1945, 1958, and 1997 
produced lava flows within the caldera. 
Previous studies utilizing InSAR images 
from ERS-1, ERS-2, and Radarsat-1 
sensors have shown that the inflation rate 
after the 1997 eruption generally decreased 
with time during 1997-2001, but increased 
significantly during 2001-2003. This recent 
interferogram shows continued inflation 
during 2003-2004 at a rate of about 60% 
that during 2002-2003. The InSAR image 
also shows post-emplacement deformation 
of the 1997 lava flow, most likely due to 
thermal contraction.  

unpublished data 
from Zhong Lu 



Volcanic	Hazards	
•  Kilauea	-	East	Rift	Zone,	Dike	Event,	June	17	-	June	21,	2007	



Sandwell et al., 2008 

Volcanic	Hazards	
•  Kilauea	-	East	Rift	Zone,	Dike	Event,	June	17	-	June	21,	2007	



Volcanic	Hazards	
•  Kilauea	-	Hot	and	Fresh	2018	May	-	present	



Earthquake	Hazards	
•  May	12,	2008,	M7.9	Wenchuan,	China	

Surface	rupture	mapped	by:	
Jing	Liu-Zeng,	Chinese	
Academy	of	Sceinces	



Earthquake	Hazards	
•  May	12,	2008,	M7.9	Wenchuan,	China	

Interferogram	from	
ALOS	PALSAR	(L-Band).			
One	fringe	is	11.6	cm	
LOS	deformation.	
	
Interferograms	show	zones	
of	complete	decorrelation.	
Additional	acquisitions	will	
provide	other	components.		

Tong	et	al.,	2010	



Earthquake	Hazards	
•  May	12,	2008,	M7.9	Wenchuan,	China	（ScanSAR）	

Tong	et	al.,	2010	



Earthquake	Hazards	
•  Coseismic	slip	model	from	joint	inversion	
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Earthquake	Hazards	
•  Interseismic	Strain	Accumulation	at	Southern	San	Andreas	Fault	

Line of sight 
velocities from 
stacked InSAR
data

ERS-1,2

35 interferograms

Epoch: 1992-2000

Fialko, 2006 



Earthquake	Hazards	
•  Interseismic	Strain	Accumulation	at	Southern	San	Andreas	
Fault	

Fialko, 2006 



Hydrological	Applications	
•  Seasonal	variations	
			in	LA	Basin	

Lanari et. al., 2006 



Hydrological	Applications	
•  Groundwater		
		Pumping,	Las	Vegas	

Amelung et. al., 1999 



Hydrological	Applications	
•  Subsidence	Measuring	–	Northeast	Phoenix	/	North	Scottsdale	

Buckley et. al., 2003 

Oct	2001	

	

Mar	2003	

freeboard	

added	



New	Missions	
•  ALOS-2 (JAXA) was successfully launched May 24, 2014

–  L-band,	14-day	repeat	possible	(42	days	along	SAF	today)	
–  Stripmap	&	ScanSAR	

–  <	200	m	baseline	control	

–  Mostly	ScanSAR	coverage	of	the	SAF	on	descending	and	swath-mode	on	ascending	

–  PI	proposal	needed	for	data	access	
–  limited	quantities	per	PI		

•  Sentinel-1A & B (ESA) was successfully launched April, 2014 
& April 2016.	
–  C-band	,	6-day	repeat	possible	(12	days	along	SAF	today)	
–  Stripmap	&	TOPS	

–  <	200	m	baseline	control	

–  Mostly	TOPS	coverage	of	the	SAF,	ascending	and	descending	

–  completely	open	data	access	–	finally!!	



Stripmap	

http://www.ga.gov.au	



ScanSAR	
•  ALOS-2	ScanSAR	mode	

•  requires	that	the	reference	and	
repeat	images	have	significant	
overlap	in	their	bursts	on	the	
ground.	

•  Lower	resolution,	wider	
coverage,	shorter	revisit	time.	

Ortiz and Zebker, 2007 



TOPS		
•  Terrain	Observations	by	Progressive	Scans	
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Abstract  
The paper reports about the comparison of the Sentinel-1 Prototype TOPS Processor with the Experimental Ter-

raSAR-X TOPS processor. The comparison is based on simulated raw data generated from TerraSAR-X and 

Sentinel-1 parameter scenarios. Fundamental impulse response parameters were investigated in point target sce-

narios. Scenarios with point targets on top a noise floor allowed for comparison of burst images by means of a 

cross-interferogram. The comparison shows good accordance between the processing results from both proces-

sors.  

 

1 Introduction 
 

Both, the Sentinel-1 TOPS operational and verifica-

tion processor are based on the Sentinel-1 Prototype 

TOPS Processor (SPT) [1]. In order to obtain a cross 

check with an independently developed processor, a 

comparison with the Experimental TerraSAR-X 

TOPS processor (ETT) [4] was performed in collabo-

ration between DLR-HR and ARESYS under project 

control of ESA/ESTEC. The work reported in this 

paper was funded by ESA contract 

C20679/07/NL/BC. 

 

In 2007, DLR-HR successfully demonstrated the 

technical feasibility of the TOPS mode in space with 

TerraSAR-X [3]. The processing was carried by the 

ETT, which is based on sub-aperture processing, the 

Extended Chirp scaling algorithm and baseband azi-

muth scaling (BAS). The ETT is thus verified in real 

space-borne TOPS data processing.  

 

The SPT is based on a pre-processing stage to unfold 

the azimuth spectrum, a standard Z-k focusing block 

and an azimuth one-dimensional ‘unfolding’ process-

ing block. It is an extension of the standard Z-k based 

ScanSAR processor developed for Envisat ASAR.  

 

The TOPS (Terrain Observation with Progressive 

Scan) mode [2] is a quite new and promising mode of 

wide swath SAR operation for future SAR satellite 

missions. Up to now, ScanSAR [5], [6], [7] is the es-

tablished mode in synthetic aperture radar for wide 

swath imaging. However, ScanSAR has several dis-

advantages caused by the focusing of targets from dif-

ferent portions of the azimuth antenna pattern. The 

drawbacks are a variation of SNR and azimuth ambi-

guity ratio along azimuth as well as scalloping. The 

TOPS mode is an alternative acquisition mode to 

achieve the same swath coverage as in ScanSAR with 

drastically reduced drawbacks. TOPS has been se-

lected as the baseline mode for ESA’s Sentinel-1 SAR 

system [1].  
 

 
Figure 1: Sketch of the TOPS acquisition geometry. TB is 

the burst duration and wr is the steering angle rate. 
 

TOPS is employing a rotation of the antenna in the 
azimuth direction as is shown in Figure 1. Like in 
ScanSAR, several subswaths are acquired quasi si-
multaneously by subswath switching from burst to 
burst. The increased swath coverage is as in ScanSAR 
achieved by a reduced azimuth resolution. However, 
in TOPS the resolution reduction is obtained by 
shrinking virtually the effective antenna footprint to 
an on-ground target, rather than slicing the antenna 
pattern, as it happens for ScanSAR [3]. 
 

Section 2 reports the results of the point target scenar-
ios. These scenarios compare fundamental Impulse 
Response Function (IRF) parameters, e.g. geometrical 
resolution, PSLR, or phase stability. 

EUSAR 2010
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Case:	Nepal	Earthquake	













http://topex.ucsd.edu/nepal 

Single	350km		
by	350	km		
interferogram.	
	
Note	phase	is	
continuous		
across	the		
subswath		
boundaries		
with	no	
adjustments!	
	
Note	adequate		
phase	coherence		
even	in	snow-	
capped		
mountains.	
	
	



Case:	Nepal	Earthquake	
LOS	displacement	for	M7.8	–	Descending	-	detrended	

[Lindsey et al., 2015] 



Case:	Nepal	Earthquake	
LOS	displacement	for	M7.3	–	Descending	-	detrended	

[Lindsey et al., 2015] 



Case:	Nepal	Earthquake	
LOS	displacement	for	M7.8	+	M7.3	-	Descending	-	detrended	

[Lindsey et al., 2015] 



Case:	Nepal	Earthquake	
Fault	slip	for	M7.8	+	M7.3	[Galetzka	et	al.,	2015],	strike	295˚,	dip	11˚		

slip 
gap



Case:	Nepal	Earthquake	

•  ALOS-2 ScanSAR provides seamless interferograms over large 
areas.

•  Short baselines and large burst overlaps enable complete phase 
unwrapping across snow-capped Himalaya Mountains (SNAPHU).

•  Co-seismic interferograms from 2 look directions do not show fault 
surface rupture for either the M7.8 or M7.3 events.

•  The M7.3 aftershock extended the deformation to the east along the 
same fault plane but left a slip gap between 15 and 20 km depth.

•  Questions:
•  What will happen in the slip gap?
•  Will there be shallow postseismic slip or creep?
•  Why is maximum slip depth about ½ the max found in the oceans?



Questions?	



Case:	Cerro	Prieto	Geothermal	Field	
Only large earthquakes,
magnitude > 7, relieve 
accumulated stress.



Case:	Cerro	Prieto	Geothermal	Field	
•  Mw	7.2	El	Major-Cucapah	Earthquake	

!

April	4,	2010	
Easter	Sunday	
	
45	second	rupture	
duration	
	
2	fatalities	
	
35,000	people	evacuated	
to	tents	
	
2	billion	dollars	damage	
to	agriculture	
	
poor	seismic	and	GPS	
coverage	because	rupture	
occurred	in	Mexico	



Case:	Cerro	Prieto	Geothermal	Field	
•  LOS	velocity	from	201	interferograms	(41	SAR	images)	across	Southern		
					Imperial	and	Cerro	Prieto	Faults	in	Mexicali	Valley.	GPS	vectors	in	blue.	

[Xu et al., 2017] 



Case:	Cerro	Prieto	Geothermal	Field	
•  Strong	Subsidence	at	CPGF	

[Xu et al., 2017] 
!



Case:	Cerro	Prieto	Geothermal	Field	
•  LOS	velocity	from	201	interferograms	(41	SAR	images)	across	Southern	Imperial	and	

Cerro	Prieto	Faults	in	Mexicali	Valley.	
•  GPS	(red)	and	InSAR	(blue)	show	some	agreement.	
•  Large	subsidence	rate	(150	mm/yr)	at	Cerro	Prieto	Geothermal	Field.	
•  Subsidence	stopped	at	fault?	

[Xu et al., 2017] 



Case:	The	San	Andreas	Fault	System	
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Subsidence in Central California 
during the 2014 -2016 drought.
Maximum vertical subsidence 
rate exceeds 400 mm/yr.

LOS velocity from 2 years of Sentinel-1 TOPS-
mode SAR data. Five tracks (~20 bursts and 
27-44 repeats) were used form 545 interfero-
grams following the method of Xu et al. [2017].  
Common point stacking was used to mitigate 
atmospheric artifacts [Tymofyeyeva and Fialko, 
2015] and coherence-based SBAS [Tong and 
Schmidt, 2016] was used to form the time series. 
Large spatial scales (> 45 km) were adjusted to 
match the GPS data in the ITRF.

We thank ESA for the data open policy on the 
Sentinel missions and thank ASF and UNAVCO 
for distributing the data and the precise orbital 
products.  Data were processed with GMTSAR.

[Xu et al., in prep] 



Case:	The	San	Andreas	Fault	System	

[Xu et al., in prep] 
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Some	Conclusions	

•  Repeat-pass radar interferometry provides measurements of ground 
motion in the line of sight between the radar and the ground point.

•  InSAR only measures change so GPS measurements are needed to 
provide absolute vector displacements.

•  Applications include: Volcanoes, earthquakes, groundwater injection/
extraction.

•  Newer satellites operate in a ScanSAR or TOPS mode to achieve 
wider swaths and ~12 day revisit time.

•  Large sequences of SAR acquisitions can be used to make time 
series displacement maps.



ScanSAR	
•  ALOS-2	ScanSAR	mode	

•  requires	that	the	reference	and	
repeat	images	have	significant	
overlap	in	their	bursts	on	the	
ground.	

•  Lower	resolution,	wider	
coverage,	shorter	revisit	time.	

Ortiz and Zebker, 2007 
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