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Challenges

Sinkholes can:




Ground-Based Detection

Ground Penetrating Radar

Electrical
Resistivity
Tomography

Case Study: Bordeaux Village Sinkhole
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Problem of Scaling - Florida

X s ¥ > R
-g,Gog!e Earth f»_G_og}e’ Earth{

w7t smotnees o 24 o i cpeen S O = y ey oo St 28 o 2GSz sorE ymi 26k ()

Spalm Coast

gy "\
\

x
aytona Beach

\)
A
A

j;sflmsvillg . ‘

’4 t e 55 o - el ) A |
i;;Elg‘n\bari_Cit}‘y Scale - [ Ty g TG X ke State Scale : 3 : B A
2T GoagleEarth 50 mi b e St S0 §aGeohleEarth

7N P T it Ve o g v &% 5 5
imgery Dete: 2112017 et 20.186102" lon -82415776" sl 24 syeai 4421km () o R el e, e b ey

Airborne or Spaceborne Remote Sensing Spaceborne Remote Sensing




Problem of Scaling - Alaska

Google Earth
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Airborne & Spaceborne Radar

Synthetic Aperture Radar

Radar can...

1) See through clouds, smoke, haze

2) Image day or night, in any light
conditions

3) Rapidly image large areas (>1000 mi?)
at relatively high resolution (~3-40 ft)

4) Detect very small scale deformation or
displacement of the ground

NASA -UAVSAR




Detecting Sinkholes with Radar Interferometry (InSAR)

The airborne & space synthetic aperture radars image surface change only:

(mostly sand
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Carbonate

Overburden
(mostly clay)

Carbonate
bedrock

Modified from Tihansky, USGS Circular 1182, 1999

Resolution: Depends upon instrument, but most can image at scale of a house or better.




Bayou Corne, Louisiana, Sinkhole

Sinkhole forme on Aug. 3, 2012: ‘, | Deformatlon occurred beforeJul 2, 2012: _'
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NISAR: NASA’s Earth Mission to Provide Spaceborne InSAR

NASA-ISRO" Synthetic Aperture Radar Mission
A NASA Earth Science Mission

Near-global land coverage

High resolution, cloud-free Free & open data policy ‘Indian Space

. . _ Research
imagery twice every 12-days Launch: 2021 Organization

Lifetime: 3+ years




Sinkhole Detection with Spaceborne Radars

Instances of Sinkhole Precursor Detection

(e) ﬁ_VVink, TX , H6lbrook Basin, AZ
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Verified Sinkhole Precursor




Detecting Sinkholes with Radar Interferometry -- Limitations

Cannot:

See below structures (e.g., Corvette Museum sinkhole)
Image very small sinkholes

Detect sinkholes that form without precursory surface movement




The Value of Remote Sensing

Combine Boots on the Ground & Eye in the Sky

Remote sensing will ...
Not replace people, who determine whether
what is detected is a real hazard

Not detect all sinkholes before they happen

Inform targeted ground observations
anomalies

Provide continual monitoring of ‘hot spots’ to
see if they are expanding / changing

Be a game-changer for hazard monitoring

NASA-NISAR
Earth Observing Mission
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