Outreaching hydrology from space & Swot

V. Rosmorduc (CLS), N. Picot (Cnes) & Pls, colleagues...

Hydrology from space is one of the rising remote sensing field of application, with huge issues - environmental, human, economic... - to
take into account. Among the issues, there's also the question of explaining how to use those data to people not so used to remote
sensing, why, how they are made, etc. -- in one word, outreaching hydrology from space. Some portals exist, such as the THEIA portal for
land applications through which a number of space data dedicated to land applications (including hydrology) are available
(https://www.theia-land.fr/en ).

SWOT will be a cornerstone of hydrology from space, and will also be a completely new concept. Some pieces of explanations exists
through JPL and through the CNES space technology training courses, but more will be done, with a major focus on hydrology, but not
forgetting the ocean, and the complementarity with currents techniques, including nadir altimetry.
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Inferred runoff and bathymetry from daily Cal/Val SWOT-like measurements for Garonne (upstream) river (South-west of France). Left, inflow discharge.

Right, bed elevation minus the elevation of a linear trend of real bed elevation. First guesses (priors) are provided by the low complexity model. (Credits INSA-
IMT/CNES-CS corp./ICUBE/LEGOS/IMFT)
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Two examples with either simulated High resolution data (left, Sacramento river Median water surface elevation, upstream), or AirSWOT experience (right,
Water surface profile data on the first day of AirSWOT flights (March 16, 2015 over the Willamette river) for a subset of the study reach. AirSWOT pixel
elevations are shown in blue, while 100 m node-averaged AirSWOT and in-situ elevations are given in red and yellow, respectively, with 1 standard deviation
error bars) (Crédits INSA-IMT/CNES-CS corp./ICUBE/LEGOS / AirSWOT investigation team OSU/USGS/U. Oregon)

As mentioned some months ago, one of the challenges of SWOT will be to estimate
operationally river runoffs whenever we will have measurements from the satellite over a
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To top ‘er that will be overflown by SWOT, and,
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A pond as seen by optical satellites (left); right, the fully-focused SAR measurements of it (note that the repetitions are due to the emission/reception

pattern of the altimeter which leads to secondary images; Jason-CS/Sentinel-6 interleaved emission/reception pattern should remove those) (Credits
CLS)

mode (or Delay-Doppler altimetry) is implemented on Cryosat, the Sentinel-3A & B and in the future on Jason-CS/Sentinel-6 Root-mean-square of sea surface height variability for the 3-month periods of the El Nifio state (left
an@ the Sentlne.l»3 C& D. This mode enable to get higher along-track resolution at a better accuracy (see Technique > Altime AR ;’:;ﬁ{;"fp:ﬁ;z: i-"‘g':;:" d"f":y‘;g; ’egé'z;"t""‘e"""")t:""q’ft';’e’; ?lTot [’:;,fgfe,‘;";en’d’j "‘:':h:z:tfg"'"“;’:g"m s
altimetry), and is more and more used, in particular for inland water applications. the bottom panel is the incoherent internal tide variability. (Credits Legos)
The Solomon Sea in the South-west Pacific is a semi-enclosed sea, bordered by the island of New Guinea to the West, the islands of New
The currently SAR altimeters processing uses coherent altimeter radar echoes over a limited time (approximately 3.52 ms). However, the Britain and New Ireland to the North, and the Solomon Islands to the East. The circulation in this basin is highly constrained by those islands
entire illumination time of the surface (almost 2.5 s) can be used for the synthetic aperture processing since it stays coherent for that entire and the bathymetric features surrounding them. Moreover, the Solomon Sea is highly sensitive to the ENSO phases, which modulate mesoscale
period. This, called “Fully-focused SAR processing” thus achieves better along-track resolution, eventually reaching the theoretical limit of activity and stratification. The principal lunar semidiurnal constituent (M2) generates there energetic internal tides at three principal sites
approximately 50 cm for current SAR altimeters (which is half the diameter of the antenna). where strong tidal currents encounter sharp topography in the stratified ocean. Thus this Sea enables to study the diversity of internal tide
signature with differences depending on the ENSO phases, in particular if looking at 1997-1998 (strong EL Nifio) vs 1999 (strong La Nifia).
With such a finer resolution, very small water bodies crossed by the satellite ground track can be accurately observed and measured. The fully-
focused SAR processing can be applied to the three currently flying SAR altimeters (CryoSat-2, Sentinel-3A & B) and also to the upcoming SAR A study shows that La Nifa, with a high level of mesoscale activity, favors the appearance of incoherent internal tides while EL Nifio, with a
altimeters (Sentinel-3C & D and Jason-CS/Sentinel-6). Jason-CS/Sentinel-6 should show even greater performance thanks to the interleaved stratification close to the surface, is more characterized by small scale coherent tide-induced sea surface heights.
mode planned on this mission, which will emit and receive the altimeter echoes alternatively, instead of emitting 256 times then going on
receiving mode for a period, and so on (this latter mode have the drawback of generating ghost (??) measurements in fully-focused SAR A global view of internal tide generation, propagation, and dissipation has emerged in recent years, mainly from satellite altimetry
processing, duplicating the results further along the track if not taken into account) observations and global high-resolution numerical models. However, a better knowledge of internal tides, both coherent and incoherent, is
primordial for Swot altimetry mission. This study in the Solomon Sea shows the complexity in predicting internal tides. This knowledge will be
mandatory to access meso and submesoscale signatures from the future Swot mission.

Those altimeters having different ground tracks, a huge dataset of water levels will be studied for itself, and will also be used in
combination/comparison with Swot data when the satellite will be flying. Studies on ice, coasts and even open ocean are also ongoing.
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