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Multi-mission Radar Altimeter Generated Virtual Water Level Stations NASACNES
Over Dams, Lakes, Rivers, via Google Earth Visualization
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Detrended radar altimetry deformation compared with GPS time @/
series at Jason-2/Envisat crossover near Corcoran, CA, 2008-2020
Updated from Yang [2020]
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» Long-term altimetry observed deformation time series is sensitive to drought and flood episodes

 Satellite altimetry plausibly could be an effective solid Earth deformation tool to monitor land subsidence

 Latency for monitoring subsidence using satellite radar altimetry is estimated to be ~days to 1 week
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Wrapped interferogram from Sentinel- 2011) [Credit: Y.Y. Jia].
1A descending data (2016/01/16- TCPInSAR for pavement surface monitoring: Hong Kong

2016/01/28) in coastal Louisiana International Airport (2013—2016) using COSMOS X-SAR
[Credit: J.W. Kim]. [Credit: Le/Zhang, TOI’]_]I Un|v 2021]
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| * ¢ PSINSAR: Permanent Scatterer INSAR
* TCPInSAR: Temporal Coherent Point INSAR
¢ SBSINSAR: Small Baseline Subset INSAR




Ground-based GNSS-Reflectometry (Potential International Great Lakes Datum

Galileo

* SNR technique for geocentric Lake water level
observations: vertical datum monitoring

——tide gauge ——gps
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(Top Right) GPS station (HBCH, red star) at Harbor Beach, MI, Lake
— Huron; (Bottom) comparison between in situ water level time series
3GEODETIC OH%% and GNSS-R retrieved water level time series around the station
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2020 Atlantic Hurricanes: SNR GNSS-Reflectometry

2020 Gulf of Mexico Hurricanes
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(2) Hurricane Hanna, Jul 23 - 27, Cat 1 In Situ GNSS-R SNR sea-level
20 (3) Hurricane Laura, Aug 20 - 29, Cat 4 [SUI‘I, 2017]
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GNSSS-R Offshore Hurricane Sensing  CALC (Calcasieu Pass, LA), RMS =0.74 cm
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NASA CYGNSS 8-CubeSat Constellation, Orbital inclinations at 35°— Spaceborne GNSS-Reflectometry
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Not to scale. Direct signals from GNSS to CYGNSS not shown TR Credit: NASA, NOAA_,A!!SAF, ESA, CNSA, Roscosmos, JAXA : - ,éY. Xigo, 0SU, 2020

e High temporal sampled GNSS-
R wind speed to study tropical
cyclone evolutions

e Potential CYGNSS GNSS-R
altimetry: code range (DDM
only) at 4 m accuracy; phase
altimetry ~decimeter accuracy,
requires raw IF data, and with
coherency, or at glazing angles

All-weather high spatiotemporal
resolution cyclone wind speed
evolutions




NASA/DLR GRACE

Gravity Recovery And Climate Experiment (GRACE),
2002—2017, and GRACE-FO Satellite Missions, 2018-

P m—— L mprb ved Energy Balance Approach (iEBA)
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Guo et al. [2015], Shang et al [2015], Zeng et al. [2015], Zhang [2020]



GRACE Estimated Ganges and Brahmaputra GWS Trend, 2002-2014 . -
(GRACE TWS Trend - Avg. Model SWS) GRACE Groundwater: Gra ng_es
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from GRACE TWS: averaged values predicted by 6 ‘
" models: CPC, ERA-Interim, MOS, VIC, CLM, NOAH
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— / — Bl A devastating flood occurred in the Indian
gf Y state of Maharashtra in July 22—August 2021.

j “lTajlkistan

Thirteen districts were affected in western

N g
~

Maharashtra. Over 300 casualties due to floods
and landslides.

2021 Maharashtra floods

Tibetan Plateau

GRACE-FO gravimetry
solutions at | I-day solution
span, with daily steps,

" detected the genesis and
evolutions of the
Maharashtra flood. Animation
shows multiple episodes of
flood and drought
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RESPCAE Deep-Learning Pownscaled Satellite Gravimetry TWSA (daily, 25 km) :
Category 4 Hurricane Harvey South Texas Lanofall, August 25-29, 2017
Hurricane Harvey 2017-08-20

Preliming Y results

Hurricane track:
&-hour sampling

Note: no direct
GRACE/GRACE-




ReSPCAE Deep-Learning Downscaled Satellite C,ra%vwetrg TWSA (ola’LLg, 25 km) :
Category 4 Hurricane Laura Louisiana Landfall, August 20-29, 2020
Hurricane Laura 2020-08-20

Preliming Y results

Hurricane track:
&-hour sawmpling




