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ldentifying Permafrost Subsidence Using NASA Earth
Observations to Pinpoint Road & Infrasiructure Vulnerability
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A rapidly warming Arctic has compromised the structural integrity of critical infrastructure Fairbanks, Alaska Areas of Interest (AOIs): CRREL Permafrost Research Tunnel,

through accelerated permafrost thaw and thermokarst development underlying these areas. Caribou Creek NEON site, four roadways (totaling ~80 miles), O'Connor Creek
Infrastructure, including roads, bridges, and airports across the state of Alaska are particularly ’ ’
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at risk, as permafrost underlies ~85% of the state. However, monitoring the impacts of ’ S (-8 > > ges)

permafrost thaw on infrastructure is largely limited to 7z sit# observations and frequently > Caribou Creek National Ecological Observatory Network (NEON) field site used for
identified after the damage is evident. In order to assist transportation and infrastructure validation of deformation detection across satellites and sensors
decision-makers in Alaska, this project identified and quantified areas of surface subsidence
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near critical infrastructure. Seasonal interferograms were created using Sentinel-1 C-band Barrow
Synthetic Aperture Radar (SAR) and L-band Uninhabited Aerial Vehicle SAR (UAVSAR) data s
to identify areas experiencing surface deformation. Additionally, Light Detection and Ranging

(LiDAR) datasets were used to validate select interferograms created between 2017 and 20109.

Validation of subsidence detection across platforms was performed over a 7x8 sq. kilometer

field site for 2017. UAVSAR and Sentinel-1 seasonal deformation returns produced consistent N
spatial deformation patterns with residual root mean squared errors of 13 and 21 millimeters, |
respectively. These results suggest that both UAVSAR and Sentinel-1 platforms are capable of R
detecting surface subsidence. The higher resolution of UAVSAR is better able to resolve

localized subsidence features of less than 80 meters, but is limited by temporal resolution. In

conjunction, UAVSAR and Sentinel-1 can provide complementary spatial and temporal

resolutions for subsidence analysis in the absence of 7 situ data. b e o5
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» Detect permafrost deformation and thermokarst formation

» Identify road and infrastructure vulnerability M ei' h o d O I O g y

» Create a Python module to automate Sentinel-1, UAVSAR, and LiDAR processing &

analysis /Senﬁnel-l C-SAR\ / UAVSAR \ / LiDAR \

» Evaluate the feasibility & accuracy of Earth observations to detect permafrost thaw
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» UAVSAR detects deformation at higher spatial resolution than Sentinel-1 C I o
» LiDAR detects deformation at high spatial but low temporal resolution onclusions
) Validation & Comparison: UAVSAR demonstrates higher accuracy than » Sentinel-1 has more spatial and temporal coverage than UAVSAR and LiDAR.

Sentinel-1 » Sentinel-1 has a higher RMSE than UAVSAR when compared to LiDAR.
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