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ISCE: A modular, reusable library for scalable 
SAR/InSAR processing

ISCE Team (JPL/Caltech/Stanford)



What is ISCE?

• InSAR Scientific Computing Environment

• Processing framework for SAR / InSAR data
§ C/C++/Fortran core for performance
§ Python interface for user scripting and testing

• Applications / workflows built on top of the same set of 
building blocks
§ Reuse capability as much as possible
§ Easy incorporation of new sensors / imaging modes

Framework

Core 
processing 
algorithms

Readers
/ Writers

Applications
(Science users)



Core SAR/InSAR Processing Capabilities



SAR – Focusing and Geometry

ALOS PALSAR – near zero doppler

COSMO SkyMed – near zero doppler

ERS2 - Ambiguity of -4

• Mroipac.formslc is pretty 
robust

• Needs updates to handle 
higher resolution datasets
• Stop-and-go 

approximation
• Secondary Range 

Migration



SAR – Radiometric Terrain Correction / Simulation

Gamma0 Beta0

• Simple band math with output of isce.zerodop.topozero
• Shadow Layover mask
• Local incidence angle
• Projection angle
• Lat, Lon, Hgt

Using S1B GRD data



Geometric Image Coregistration

• Exploit precise orbit information
• Geometry system is important
• Residual constant offsets

• Azimuth clock errors
• Slant range bulk media shift

• Most modern SAR sensors provide high 
quality orbit information

• Metadata quality has significantly improved 
over last decade

Slave
Azimuth Time,
Slant Range

Lat, Lon, Ht
On ground

Using Orbit

& DEM
(rdr2geo)

Needs precise Orbits (few cm). Doesn’t Need Accurate DEM 
(few 10s of m vertical acc is fine).

Using Orbit

(geo2rdr)

Master
Azimuth Time,
Slant Range

Slide modified  from: Fattahi et al (2016)



Comparing co-registration methods

4 year, 4km baseline ALOS PALSAR dataset over Hawaii 

Geometric 
coregistration

Traditional polynomial 
based coregistration



Comparing coregistration methods

• Geometric co-registration performs better over steep terrain
• Geometric co-registration works better for wider range of 

baselines
• Better alignment of pixels in stacks of radar images

• Hard to meet Sentinel-1 TOPS InSAR requirements with 
traditional co-registration methods

2km baseline ALOS PALSAR dataset over Eastern California 

Polynomial-based Geometry-based 



Speckle tracking – pixel offsets

+1-1

Azimuth offsets

Range offsets

• GPU implementation in 
the works

• Geometric co-registration 
reduces complexity



ISCE in action
Real-life examples from advanced users



Sentinel-1 TOPS interferometry (Fattahi et al)

• Geometry-based processing 
allows us to stitch numerous 
frames of SLCs seamlessly
– Good to about 1/100 th of pixel

• Sentinel-1 azimuth mis-
registration refinement 
implemented using burst 
overlaps
– Good to about 1/1000 th of pixel



3D pixel offset time-series (Minchew et al.)



Ionospheric corrections for Sentinel-1 (Liang et al., in reivew)

• Slightly different 
approach due 
to bursty nature 
of data

• Ionosphere is 
estimated at an 
assumed height 
and reprojected
back on ground

 
Fig. 17. Same as Fig. 15.	 Track A149 in northern Chile (low-latitudes). Note that the data 
in the first and third panels at bottom are wrapped before plotting. 
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Infrastructure monitoring (Bekaert et al)

Coregistration is 
the critical driver 
for analysis of 
stacks with large 
baseline spans and 
for high resolution 
analysis
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Figure: Time-series InSAR research demonstration of landslide mapping using Sentinel-1.
The overview map shows average line-of-sight surface displacement rates between Oct 2014-May 2017 using Sentinel 1 SAR data and processed using JPL’s ISCE processor
and StaMPS time-series package. InSAR is sensitive to displacements in the line-of-sight (LOS), where red refers to motion away of the satellite. Different landslides (A-H)
are identified and shown in corresponding inserts, overlaid with the landslide catalogue of California Department of Conservation. For each identified landslide, an
individual time-series history is shown, where each marker represents an individual satellite acquisitions and the red line corresponds to the average computed rate. This
time-series shows the relative motion of the land-slide area marked by A-H relative to the reference (star) within each insert. All rates are well beyond the 2-sigma rate
uncertainty, which both are shown within each time-series panel. Comparing with the landslide catalogue shows landslides B (Partington Ridge Rd), C (Rat Creek), E
(Treebones Resort), F (Mud Creek) and H (north of CalPoly Bio Sciences at Ragged Point) occur in regions not mapped before. From these, all except C occur close to
probably dormant landslide areas. A (Cooper Point) and C (Rat Creek) occur close or within a previously mapped dormant and definite landslide area, which appear to be
currently active. Both D (Lime Kiln Campground) and G (Cruickshank Trail) landslides are known to be definite and historic active landslide areas.

D.	Bekaert,	P.	Agram,	and	H.	Fattahi.	
The	research	was	carried	out	in	part	at	the	Jet	Propulsion	Laboratory,	California	Institute	of	Technology,	under	a	contract	with the	National	Aeronautics	
and	Space	Administration.	ArcGIS	10.4	software	(http://www.esri.com/software/arcgis)	was	used	to	generate	the	overview	figure.	Service	layer	credits	
ESRI,	DigitalGlobe,	GeoEye,	Earthstar	Geographics,	CNES/Airbus	DS,	USDA,	USGS,	AeroGRID,	IGN,	and	the	GIS	User	community.	Landslide	catalogue	
contributed	by	the	California	Department	of	Conservation.	Contains	modified	Copernicus	Sentinel	data	(2017),	processed	by	D.	Bekaert,	P.	Agram,	and	H.	
Fattahi.		©	2017	California	Institute	of	Technology.	Government	sponsorship	acknowledged.



Rapid Flood and Damage Mapping



2016 Hurricane Matthew, Lumberton, North Carolina (Lin et al., in prep)

• Open water mapping straightforward
• Urban flood mapping is challenging
• Multitemporal SAR analysis produced

sensitivity by 85%
• Deep learning is being explored



Feb Mar Apr May Jun Jul Aug Sep Oct

185 people killed Over 1000 buildings destroyed US $30+ billion damage

DPM from PALSAR data
(ARIA)

+ 20 min

+ 4 months + 8 months

+ 3 days: ALOS acquires data

M6.3
Chch EQ

Multiple versions of Shakemap released
(USGS NEIC)

Official damage map 
released based on 

ground observations
(NZ Government)

Official damage map 
updated based on 

ground observations
(NZ Government)

Feb 2011 Christchurch Earthquake



Economic Loss 
Feb 2011 Christchurch Earthquake



Amatrice Earthquake (M6.2 Aug 24, 2016), Italy
Copernicus MapARIA COSMO-SkyMed DPM

Copernicus Maps 
(as of Aug 27)

ARIA ALOS-2 DPM

ARIA COSMO-SkyMed DPM

https://www.nasa.gov/feature/jpl/nasa-produced-maps-help-gauge-italy-earthquake-damage

ARIA ALOS-2 DPM

Amatrice

Corso Umberto (Reuters)
http://temblor.net/earthquake-insights/nasa-radar-maps-reveal-massive-extent-
of-amatrice-damage-from-italy-earthquake-1271/

Gregorio Borgia (Associated Press)
https://www.nytimes.com/interactive/2016/08/24/world/europe/italy-
earthquake-before-after-amatrice-accumoli.html

https://www.nasa.gov/feature/jpl/nasa-produced-maps-help-gauge-italy-earthquake-damage


DPM of the Sep 19, 2017 
M7.1 Mexico City Earthquake

https://www.nasa.gov/feature/jpl/nasa-produced-damage-maps-may-aid-mexico-quake-response
Background: Google Earth

https://www.nasa.gov/feature/jpl/nasa-produced-damage-maps-may-aid-mexico-quake-response


Before

Soriana Tasqueña

After

Residential Building

DPM

Before AfterDPM

Source: www.adn40.mx

Adriana Zehbrauskas (The New York Times)
https://www.nytimes.com/interactive/2017/09/23/world/americas/
mexico-city-earthquake-surveying-destruction-damage.html?_r=0

Source: Google Street View

Source: Google Street View

DPM vs Ground Observation (M7.1 Mexico City Earthquake)



September 2018 M7.5 Palu Earthquake, Indonesia



Woolsey Fire, Southern California (November 2018) 

https://www.nasa.gov/feature/jpl/nasas-aria-maps-california-wildfires-from-space

False Color Image (Planet)

2018-11-11  10:30 AM

ARIA DPM from Sentinel-1

2018-11-11  6:00 AM

https://www.nasa.gov/feature/jpl/nasas-aria-maps-california-wildfires-from-space
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“After the tragic August earthquake in Amatrice, Italy, NASA’s JPL produced maps of the greatest damage. These 
sophisticated maps will be used in the rebuilding efforts.”

“We estimated that Louisiana would have about 27,000 damaged homes, but it was through the acquisition of SAR data and 
other remotely sensed data that we were able to see that it was a much larger impact than we had forecast.”

“It is so fascinating to see this map. The pattern of the distribution of red areas correlate with most realities on the ground.”

“During our reconnaissance missions we have used damage proxy maps (DPMs). … My findings clearly show that the DPM 
published right after the event was very effective in defining collapsed buildings.”

Barack Obama, Former President of the US
At the White House with Mateo Renzi on Oct 28, 2016

Glenn Russell, FEMA
After the August 2016 Louisiana Floods

Indra Sharan, OFDA, USAID
From Nepal after the M7.8 2015 Gorkha Earthquake

Paolo Zimmaro, UCLA/GEER
After GEER fieldwork of the 2016 Central Italy earthquakes



ARIA DPM/FPM on MEDIA 
ALOS-2, 49 items
September 2018 M7.5 Sulawesi Earthquake, Indonesia

“NASA's ARIA Maps Indonesia Quake, Tsunami Damage”, JPL News (was on the JPL fro
nt page), October 5, 2018. Available online at: https://www.jpl.nasa.gov/news/ne
ws.php?feature=7253

“NASA's ARIA Maps Indonesia Quake, Tsunami Damage”, JPL Photojournal, October 5, 
2018. Available online at: https://photojournal.jpl.nasa.gov/catalog/PIA22746 JP
L Space Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA227
46

“Sulawesi Island, Indonesia Earthquake and Tsunami 2018”, NASA Applied Sciences Di
sasters Program Website, September 28, 2018. Available online at: https://disast
ers.nasa.gov/sulawesi-island-indonesia-earthquake-and-tsunami-2018

September 2018 M6.6 Hokkaido Earthquake, Japan
“Japan Earthquakes (ARIA Damage Proxy Map)”, JPL Photojournal, September 10, 201

8. Available online at: https://photojournal.jpl.nasa.gov/catalog/PIA22696 JPL Sp
ace Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA22696

“ARIA Damage Proxy Map of Hokkaido, Japan Earthquake”, NASA Applied Sciences Dis
asters Program Website, September 10, 2018. Available online at: https://disaste
rs.nasa.gov/hokkaido-japan-earthquake-2018/aria-damage-proxy-map-hokkaido-
japan-earthquake

August 2018 Lombok Earthquakes, Indonesia
“ARIA Damage Proxy Map of Lombok, Indonesia Earthquakes”, JPL Photojournal, Sept

ember 5, 2018. Available online at: https://photojournal.jpl.nasa.gov/catalog/PIA
22495 JPL Space Images at: https://www.jpl.nasa.gov/spaceimages/details.php?i
d=PIA22495 NASA Applied Sciences Disasters Program Website, August 19, 201
8. Available online at: https://disasters.nasa.gov/lombok-indonesia-earthquake-2
018/aria-damage-proxy-map-lombok-indonesia-earthquake

August 2017 Texas Floods (Hurricane Harvey), TX, USA
“New NASA Satellite Flood Map of Southeastern Texas (Sentinel-1 Data)”, JPL Photojou

rnal, August 31, 2017. Available online at: https://photojournal.jpl.nasa.gov/catal
og/pia21932 JPL Space Images at: https://www.jpl.nasa.gov/spaceimages/detail
s.php?id=pia21932

“Updated NASA Satellite Flood Map of Southeastern Texas (ALOS-2 Data)”, JPL Photojo
urnal, August 31, 2017. Available online at: https://photojournal.jpl.nasa.gov/cat
alog/pia21931 JPL Space Images at: https://www.jpl.nasa.gov/spaceimages/deta
ils.php?id=pia21931

“Extent of Texas Flooding Shown in New NASA Map”, JPL Photojournal, August 30, 201
7. Available online at: https://photojournal.jpl.nasa.gov/catalog/pia21928 JPL Sp
ace Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=pia21928

August 2016 Louisiana Flood, LA, USA
“Sizing Up Floods from Space: NASA Science for U.S. Flood Response”, NASA Applied S

ciences Video, December 9, 2016. Available online at: 
http://appliedsciences.nasa.gov/programs/disasters-program
https://youtu.be/wqLghXCMxBI

August 2016 M6.2 Amatrice Earthquake, Italy
“NASA-Produced Maps Help Gauge Italy Earthquake Damage”, NASA Feature Story, Oc

tober 5, 2016. Available online at: http://www.nasa.gov/feature/jpl/nasa-produc
ed-maps-help-gauge-italy-earthquake-damage

“NASA-Produced Maps Help Gauge Italy Earthquake Damage”, JPL News, October 5, 2
016. Available online at: http://www.jpl.nasa.gov/news/news.php?feature=6637

“New Satellite Damage Maps Assist Italy's Earthquake Disaster Response”, JPL Photojo
urnal, September 1, 2016. Available online at: http://photojournal.jpl.nasa.gov/c
atalog/pia20897

April 2015 M7.8 Gorkha Earthquake, Nepal
“NASA Proxy Maps Reveal Earthquake Damage”, Sensor Technology, June 2016
“Damage Maps Provide Critical Data”, NASA Tech Briefs, April 2016. Available online at

: http://viewer.zmags.com/publication/64f41262#/64f41262/104
“Damage Maps from NASA Could Assist When Future Quakes Strike”, Satnews, Februa

ry 1, 2016. Available online at: http://us6.campaign-archive2.com/?u=1eb9b7968
7ae1ab2a8b8d8e85&id=1d1a2b5228&e=49eaa8aa22

"NASA damage maps may help in future quakes”, Phys.Org, February 1, 2016. Availabl
e online at: http://phys.org/news/2016-02-nasa-future-quakes.html

"NASA Damage Maps May Help in Future Quakes”, NASA Feature Story, January 29, 2
016. Available online at: http://www.nasa.gov/feature/jpl/nasa-damage-maps-m
ay-help-in-future-quakes

"NASA Damage Maps May Help in Future Quakes”, JPL News Website, January 29, 201
6. Available online at: http://www.jpl.nasa.gov/news/news.php?feature=4837

“Earthquake rescue: Compare and contrast”, The Economist, November 14, 2015. Avail
able online at: http://www.economist.com/news/science-and-technology/21678
207-better-way-use-satellite-images-save-lives-after-tremors-compare-and

“How to find earthquake victims faster”, The Economist, November 13, 2015. Available 
online at: http://www.economist.com/news/science-and-technology/21678502-a
fter-earthquake-its-vital-locate-worst-damage-quickly-researchers-nasas-jet

"NASA Aids Response to Nepal Quake”, NASA Feature Website, May 1, 2015. Available 
online at: http://www.nasa.gov/feature/nasa-aids-response-to-nepal-quake

"NASA-Generated Damage Map to Assist with 2015 Gorkha, Nepal Earthquake Disaste
r Response”, JPL Photojournal, May 1, 2015. Available online at: http://photojour
nal.jpl.nasa.gov/catalog/pia13911

"New ALOS-2 Damage Map Assists 2015 Gorkha, Nepal Disaster Response”, NASA Web
site, May 11, 2015. Available online at: http://www.nasa.gov/jpl/new-alos-2-dam
age-map-assists-2015-gorkha-nepal-disaster-response

"New ALOS-2 Damage Map Assists 2015 Gorkha, Nepal Disaster Response”, JPL Photoj
ournal, May 11, 2015. Available online at: http://photojournal.jpl.nasa.gov/catalo
g/pia14710

"NASA's ARIA Project Provides New Look at Earth Surface Deformation from Nepal Qu
ake”, JPL Photojournal, May 4, 2015. Available online at: http://photojournal.jpl.n
asa.gov/catalog/PIA19383

"Radar Shows Kathmandu Area Uplifted 5 Feet by Gorkha, Nepal Earthquake”, JPL Pho
tojournal, May 7, 2015. Available online at: http://photojournal.jpl.nasa.gov/cata
log/PIA14708

"NASA/Caltech Team Images Nepal Quake Fault Rupture, Surface Movements”, JPL Ph
otojournal, May 4, 2015. Available online at: http://photojournal.jpl.nasa.gov/cat
alog/PIA19384

"NASA's ARIA Project Maps Deformation of Earth's Surface from Nepal Quake”, JPL Ph
otojournal, May 2, 2015. Available online at: http://photojournal.jpl.nasa.gov/cat
alog/PIA19535

"NASA has joined the relief effort in Nepal”, Federal News Radio, May 11, 2015. Availa
ble online at: http://federalnewsradio.com/federal-drive/2015/05/frank-webb-de
puty-manager-earth-system-science-formulation-office-jet-propulsion-laboratory
/

"Nepal’s Earthquake was So Intense it Changed Both Land and Air, says NASA”, Nature 
World News, May 4, 2015. Available online at: http://www.natureworldnews.com
/articles/14489/20150504/nepals-earthquake-intense-changed-both-land-air-nas
a.htm

"Local NASA Team’s Satellite Technology, Maps Saving Countless Lives In Quake-Ravag
ed Nepal”, CBS, May 1, 2015. Available online at: http://losangeles.cbslocal.com/
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-nasa-damage-map-of-camp-fire-from-space
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October 2018 Super Typhoon Yutu, Northern Mariana Islands, USA 
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/disasters.nasa.gov/super-typhoon-yutu-2018/nasas-aria-damage-proxy-map-shows-devas
tating-damage-super-typhoon-yutu
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“ARIA Damage Proxy Map Using ESA-Sentinel 1”, NASA Applied Sciences Disasters Program Web
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018/aria-damage-proxy-map-using-esa-sentinel-1

September 2018 Hurricane Florence, NC, USA 
“NASA's ARIA Maps Aftermath from Florence”, JPL Photojournal, September 18, 2018. Available 

online at: https://photojournal.jpl.nasa.gov/catalog/PIA22704 JPL Space Images at: https:/
/www.jpl.nasa.gov/spaceimages/details.php?id=PIA22704

“NASA's ARIA Maps Damage from Florence”, JPL Photojournal, September 17, 2018. Available o
nline at: https://photojournal.jpl.nasa.gov/catalog/PIA22702 JPL Space Images at: https://
www.jpl.nasa.gov/spaceimages/details.php?id=PIA22702

“Hurricane Florence Resources - ARIA Flood Extent Maps”, NASA Applied Sciences Disasters Pro
gram Website, September 15, 2018. Available online at: https://disasters.nasa.gov/hurrica
ne-florence-2018/hurricane-florence-resources-aria-flood-extent-maps

“Hurricane Florence Resources - ARIA Damage Proxy Maps”, NASA Applied Sciences Disasters Pr
ogram Website, September 18, 2018. Available online at: https://disasters.nasa.gov/hurric
ane-florence-2018/hurricane-florence-resources-aria-damage-proxy-maps

June 2018 Fuego Volcano Eruption, Guatemala
“NASA Damage Map Shows Effects of Destructive Guatemala Volcano Eruption”, JPL Photojourn

al, June 15, 2018. Available online at: https://photojournal.jpl.nasa.gov/catalog/PIA22532
JPL Space Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA22532

“ARIA Damage Proxy Map from the Fuego Volcano Eruption”, NASA Applied Sciences Disasters P
rogram Website, June 12, 2018. Available online at: https://disasters.nasa.gov/mount-fueg
o-eruption-2018/aria-damage-proxy-map-fuego-volcano-eruption

December 2017 Southern California Wildfires, CA, USA
“NASA-Produced Map Shows Extent of Southern California Wildfire Damage”, JPL Photojournal, 

December 14, 2017. Available online at: https://photojournal.jpl.nasa.gov/catalog/pia2219
1 JPL Space Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=pia22191

October 2017 Northern California Wildfires, CA, USA
“NASA Damage Map Aids California Wildfire Response”, JPL News (was on the JPL front page), 

October 18, 2017. Available online at: https://www.jpl.nasa.gov/news/news.php?feature=
6979

“NASA Damage Map Aids California Wildfire Response”, NASA Feature (was on the NASA front 
page), October 18, 2017. Available online at: https://www.nasa.gov/feature/jpl/nasa-dama
ge-map-aids-california-wildfire-response

“NASA Damage Map Aids Northern California Wildfire Response”, JPL Photojournal, October 18, 
2017. Available online at: https://photojournal.jpl.nasa.gov/catalog/pia22048 JPL Space I
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nline at: https://disasters.nasa.gov/california-wildfires-2017/nasa%E2%80%99s-aria-dama
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September 2017 Dominica Damage (Hurricane Maria), Dominica
“Dominica Hurricane Damage Mapped by NASA's ARIA Team”, JPL Photojournal, September 29, 

2017. Available online at: https://photojournal.jpl.nasa.gov/catalog/pia22037 JPL Space I
mages at: https://www.jpl.nasa.gov/spaceimages/details.php?id=pia22037
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e-maria-2017/aria-damage-proxy-map-dominica-hurricane-maria

September 2017 Puerto Rico Damage (Hurricane Maria), PR, USA
“NASA Data and Tech Aid in Disaster Relief”, This Week@NASA, September 29, 2017. Available o

nline at: https://www.youtube.com/watch?v=yM5BFvtLORU&feature=youtu.be&t=44s
Social Media: NASA Earth’s most popular tweet and most-popular Facebook post, earning about 

800K impressions and 3.5K direct response in the week of September 25, 2017.
“NASA Damage Map Aids Puerto Rico Hurricane Response”, NASA Feature (was on the NASA fro

nt page), September 28, 2017. Available online at: https://www.nasa.gov/feature/jpl/nasa-
damage-map-aids-puerto-rico-hurricane-response

“Satellite Data of Puerto Rico Identifies Possible Damage Areas”, NASA Blog, September 27, 201
7. Available online at: https://blogs.nasa.gov/disaster-response/2017/09/27/satellite-data-
of-puerto-rico-identifies-possible-damage-areas/

“NASA Damage Map Aids Puerto Rico Hurricane Response”, JPL News (was on the JPL front pag
e), September 28, 2017. Available online at: https://www.jpl.nasa.gov/news/news.php?fea
ture=6957

“NASA Damage Map Aids FEMA's Hurricane Maria Rescue Operation in Puerto Rico”, JPL Photoj
ournal, September 26, 2017. Available online at: https://photojournal.jpl.nasa.gov/catalog/
PIA21964 JPL Space Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=pia
21964

“NASA Damage Map Aids FEMA's Hurricane Maria Rescue Operation in Puerto Rico”, NASA Appl
ied Sciences Disasters Program Website, September 26, 2017. Available online at: https://
disasters.nasa.gov/hurricane-maria-2017/nasa-damage-map-aids-femas-hurricane-maria-r
escue-operation-puerto-rico

“NASA Damage Map Aids Puerto Rico Hurricane Response”, NASA Applied Sciences Disasters Pr
ogram Website, September 29, 2017. Available online at: https://disasters.nasa.gov/hurric
ane-maria-2017/aria-damage-proxy-map-puerto-rico-after-hurricane-maria

“NASA Maps Damage in Puerto Rico to Assist Relief Efforts”, SPACE.com, September 28, 2017. A
vailable online at: https://www.space.com/38297-nasa-maps-damage-by-hurricane-maria.
html 

September 2017 M7.1 Raboso Earthquake, Mexico
“NASA-Produced Damage Maps May Aid Mexico Quake Response”, JPL News (was on the JPL fr

ont page), September 21, 2017. Available online at: https://www.jpl.nasa.gov/news/news.
php?feature=6951

“NASA-Produced Damage Maps May Aid Mexico Quake Response”, NASA Feature (was on the N
ASA front page), September 21, 2017. Available online at: https://www.nasa.gov/feature/j
pl/nasa-produced-damage-maps-may-aid-mexico-quake-response

“La NASA registró cambios en el suelo del territorio mexicano por el sismo del 19-S”, Huffington 
Post Mexico, September 27, 2017. Available online at: http://www.huffingtonpost.com.mx
/2017/09/27/la-nasa-registro-cambios-en-el-suelo-del-territorio-mexicano-por-el-sismo-de
l-19-s_a_23225279/

“ARIA Damage Proxy Map of the M7.1 Raboso Mexico Earthquake”, NASA Applied Sciences Disa
sters Program Website, September 21, 2017. Available online at: https://disasters.nasa.go
v/mexico-city-earthquake-2017/aria-damage-proxy-map-m71-raboso-mexico-earthquake

“Damage Maps May Aid Mexico Quake Response”, NASA Blog, September 21, 2017. Available o
nline at: https://blogs.nasa.gov/disaster-response/2017/09/21/damage-maps-may-aid-me
xico-quake-response/

“Satellite Radar Detects Damage from Sept. 19, 2017 Raboso, Mexico, Quake”, JPL Photojournal, 
September 20, 2017. Available online at: https://photojournal.jpl.nasa.gov/catalog/pia219
63 JPL Space Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=pia21963

“Sentinel-1 Interferogram for September 2017 Raboso-Puebla Earthquake in Mexico”, NASA App
lied Sciences Disasters Program Website, September 21, 2017. Available online at: https://
disasters.nasa.gov/mexico-city-earthquake-2017/sentinel-1-interferogram-september-201
7-raboso-puebla-earthquake-mexico

September 2017 M8.1 Chiapas Earthquake, Mexico
“Satellite Radar Detects Damage from Sept. 2017 Chiapas, Mexico Quake”, JPL Photojournal, Se

ptember 19, 2017. Available online at: https://photojournal.jpl.nasa.gov/catalog/PIA21956
JPL Space Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=pia21956

“Satellite Radar Detects Damage Caused by September 2017 M8.1 Chiapas Earthquake in Mexic
o”, NASA Applied Sciences Disasters Program Website, September 21, 2017. Available onli
ne at: https://disasters.nasa.gov/mexico-earthquake-2017/satellite-radar-detects-damage-
caused-september-2017-m81-chiapas-earthquake

“Sentinel-1 Radar Shows Ground Motion From Sept. 2017 Oaxaca-Chiapas, Mexico Quake”, JPL P
hotojournal, September 20, 2017. Available online at: https://photojournal.jpl.nasa.gov/ca
talog/PIA21962 JPL Space Images at: https://www.jpl.nasa.gov/spaceimages/details.php?i
d=pia21962

“Sentinel-1 Radar Shows Ground Motion due to September 2017 Oaxaca-Chiapas Earthquake in 
Mexico”, NASA Applied Sciences Disasters Program Website, September 21, 2017. Availabl
e online at: https://disasters.nasa.gov/mexico-earthquake-2017/sentinel-1-radar-shows-gr
ound-motion-due-september-2017-oaxaca-chiapas

September 2017 Florida Damage (Hurricane Irma), FL, USA
“ARIA Damage Proxy Map of Southern Florida from Hurricane Irma”, NASA Applied Sciences Dis

asters Program Website, September 12, 2017. Available online at: https://disasters.nasa.g
ov/hurricane-irma-2017/aria-damage-proxy-map-southern-florida-hurricane-irma

August 2017 Texas Floods (Hurricane Harvey), TX, USA
“New NASA Satellite Flood Map of Southeastern Texas (Sentinel-1 Data)”, JPL Photojournal, Aug

ust 31, 2017. Available online at: https://photojournal.jpl.nasa.gov/catalog/pia21932 JPL S
pace Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=pia21932

January 2017 Northern California Floods, USA
“ARIA Flood Proxy Map for Floods in Northern California and Nevada”, NASA Applied Sciences Di

sasters Program Website, January 11, 2017. Available online at: https://disasters.nasa.gov/
aria-flood-proxy-map-floods-northern-california-and-nevada
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February 2018 Tonga Damage (Cyclone Gita Southern), CA, USA

“Tonga Cyclone Damage Mapped by NASA's ARIA Team”, JPL Photojournal, February 21, 
2018. Available online at: https://photojournal.jpl.nasa.gov/catalog/pia22257 JPL Sp
ace Images at: https://www.jpl.nasa.gov/spaceimages/details.php?id=pia22257

October 2016 M6.6 Norcia Earthquake, Italy
“NASA’s Damage Proxy Map to Assist with Italy Earthquake Disaster Response”, JPL Photoj

ournal, November 16, 2016. Available online at: http://photojournal.jpl.nasa.gov/cat
alog/PIA15374

August 2016 M6.2 Amatrice Earthquake, Italy
“NASA-Produced Maps Help Gauge Italy Earthquake Damage”, NASA Feature Story, Octo

ber 5, 2016. Available online at: http://www.nasa.gov/feature/jpl/nasa-produced-ma
ps-help-gauge-italy-earthquake-damage

“NASA-Produced Maps Help Gauge Italy Earthquake Damage”, JPL News, October 5, 2016
. Available online at: http://www.jpl.nasa.gov/news/news.php?feature=6637

“New Satellite Damage Maps Assist Italy's Earthquake Disaster Response”, JPL Photojourn
al, September 1, 2016. Available online at: http://photojournal.jpl.nasa.gov/catalog/
pia20897

April 2015 M7.8 Gorkha Earthquake, Nepal
“NASA Proxy Maps Reveal Earthquake Damage”, Sensor Technology, June 2016
“Damage Maps Provide Critical Data”, NASA Tech Briefs, April 2016. Available online at: ht
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