Surface Water and Ocean Topography (SWOT) mission

e USA, F Can, UK, mission, launched in Dec. 2022.

* Near-nadir viewing Ka-band SAR Interferometer
(KaRIn).

 Data over two distinct 50 km swaths, at very low
(< 6 deg.) incidence angles, using two SAR antennas
located at opposite ends of a 10 m boom.

e SLC are processed using a time-domain back-
projection processor, considering a modified SRTM
as terrain height model.

 For the main mission applications, higher level data

oroducts as sea surface heights, water masks, a lake

oroduct and a river product, are available.

* |n addition, the single-pass interferometric Ka-band
SLC pairs can be freely downloaded.

— Single-pass interferometric Ka-band SLC pairs.

Our objective
* |nvestigate using SWOT KaRIn SLC data for other
applications (than the main mission applications).

Backscatter

* What makes it special are the high Ka-band
frequency (35.75 GHz) and the low incidence angle
(< 6 deg.).

e The backscatter over water is high, except for
occasional very calm conditions.

 The backscatter is usually lower over land surfaces
than over water, with lower values for rougher or
more densely vegetated areas.

* The backscatter enables applications
monitoring changes on agricultural
tracking the development of sea ice.

* At the very steep incidence angles of SWOT layover
gets very substantial.
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Geocoded SWOT backscatter over Ins, Switzerland, without
(center) and with (right) layover masking.
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Single-pass DINSAR phase = height corrections: Based
on a monostatic — bistatic SWOT KaRIn SLC pair a single
pass interferogram can be calculated. In the time-
domain back-projection processing used to generate
the SLCs, the phase is already corrected for the orbital
and topographic phase, using the SRTM-based DEM
heights provided with the SLC. Consequently, the
calculated interferogram corresponds to a differential
interferogram. Unwrapped differential interferometric
phases can be converted to height corrections relative
to the used reference heights.

dh [m]

In the Camargue, France, positive height corrections are
observed for new industrial not present in the SRTM height
reference used in the SWOT data focusing.
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Height difference maps obtained in the tidal flats at the
Dutch — German border, during low tides.

Map <> Slant range transformation method used: In the
generation of the SWOT KaRIn SLCs the “increasing slant
ranges” method is used. With this method the lower
height is used for the lower part of the laid over area.
This method is suited as it provides a reasonable result
for water surfaces affected by layover, as long as the
backscatter over the water is significantly stronger than
the backscatter over laid over land (mostly the case).

!
Terrain height along ground range lines. The red lines show the

heights used in the “increasing slant ranges” method, for a
water body (a), a forest or building (b), and a small hill (c). The
slant range of the first pixel of the red line after the gap is
slightly larger than the slant range of the pixel before the gap.

SWOT backscatter (left), single-pass interferogram (center)
and height corrections (right, using a color scale between
-15m (red), Om (green), and 15m (blue)) geocoded into map
coordinates using the “increasing slant ranges” method.

Multi-temporal backscatter and coherence:

Center swath (2 deg. and 3.5 deg.): Backscatter over
land shows variation between different agricultural
fields, forest, and other surfaces (urban, water bodies)
indicating some potential for land-use applications
such as crop monitoring, soil moisture monitoring,
land-use classification etc.

Very near and very far range: Backscatter over land not
much above the Noise Equivalent Sigma Zero (NESZ)
level (low antenna gain).

— Backscatter not useful (except for water surfaces).

Coherence: Over water surfaces with a high backscatter
level the single-pass coherence is typically high (> 0.9).
Over other land targets the coherence depends
strongly on the backscatter level. It seems that system
noise is the dominant decorrelation mechanism.
Consequently, the coherence does, unfortunately, not
provide much complementary information.

I\/Iultl-temporal SWOT backscatter (top) and SWOT smgle-pass
coherence (bottom) composites over Groningen, NL. The
three dates considered as red, green, and blue channel are
indicated below the image.

SWOT backscatter and height corrections over sea ice:
We analyzed a multi-seasonal stack of SWOT KaRIn
acquisitions over a section of the Gulf of Bothnia near
Oulu, Finland. The backscatter time-series clearly shows
the formation of the sea ice. Then, in winter, snow
cover also plays an important role on the near-nadir
viewing Ka-band backscattering. The height corrections
relative to the SRTM-based height reference used in the
back-projection processor, determined from the
interferometric phase, and after subtracting a quadratic
phase trend, are shown below. According to the Finnish
Meteorological Institute ice thickness is up to about
60cm, so the ice related elevation changes are < 10cm.
Tidal maxima are about 3 meters apart.
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SWOT KaRlIn backscatter time-series over the Gulf of Bothnia,
near Oulu, Finland. First parts of the sea are frozen on
20231101. On 20231213 the section shown is more or less
completely frozen. The ice disappears between 20240507 and
20240528. A closer look at the images reveals interesting
details on the sea ice structure, snow cover, related processes,
and ice roads.
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SWOT KaRIn relative height correction time-series over
the Gulf of Bothnia, near Oulu, Finland.
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Conclusions: The results clearly indicate potentia
beyond the main mission applications and are of
interest to improve our understanding of Ka-band
backscatter, INSAR phase and coherence at near-nadir
viewing angles. Data sets are available world-wide
almost every 21 days =2 why not try using it
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