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In recent decades, the problem of climate change on Earth and the assessment of the rate of change has become one of the most important tasks facing scientists. The duration (period) of the "existence" of the
ice cover in inland waters can be used as one of the criteria. However, the small size of inland waters makes it difficult to use scatterometers, radio altimeters and radiometers for monitoring, and the use of
optical means is extremely hampered by the presence of clouds during the formation and destruction of the ice sheet. To solve this problem, it is proposed to use data from the Dual-frequency Precipitation
Radar (DPR), which is installed on the GPM satellite. The measurements are performed at low angles of incidence (+/-18) and a 245 km wide radar image is generated with a resolution of about 5 km in the Ku
and Ka bands. However, it was shown that the radar image "shows" rivers 400-500 m wide. After the formation of the freswater ice cover, the river becomes "invisible" on the radar image, which makes it
possible to determine the date of formation of the ice cover. The "appearance” of the river on the radar image in spring indicates the destruction of the ice cover. Data processing confirmed this assumption.
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had been offset to
some extent by an
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Sea ice area changes in the Arctic and Antarctic regions (Bureau of
Meteorology)

Remote methods are widely used to measure the area of sea ice, including equipment in
the optical and microwave ranges.

However, the small size of inland waters makes 1t difficult to use scatterometers, radio
altimeters and radiometers for monitoring, and the use of optical means 1s extremely
hampered by the presence of clouds during the formation and destruction of the ice
COVer. 3

For monitoring small inland waters, 1t 1s proposed to use data from the Dual-frequency
Precipitation Radar (DPR), which 1s installed on the GPM (Global Precipitation
Mission) satellite.

The DPR (wavelength 2.1 cm
and 0.8 cm) was launched mto
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in the direction perpendicular to
the flight direction and the
sounding angle in the Ku- and
Ka-bands varies within +17°.
The swath width 1s about 245 km
with a resolution of 5 km.
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The GPM satellite measurement scheme. The DPR scans in
a direction perpendicular to the direction of thight in the Y
incidence angle +/- 18°.

When the satellite moves, a radar image of the underlying surface is formed, since the
size of the “footprint" on the surface, determined by the antenna beam, 1s about 5 km,
and the radar movement during the scan 1s about 4 km.

The inclination of the
orbit 1s 65°, so DPR
performs measurements
over an area with long-
term snow cover and ice
cover of mland waters.
The research 1s
interesting because 1s
mvestigated small
mland waters. and for
the first time, radar
measurements at small
incidence angles will be 3
used to solve it.

The orbit is seen on the map Clear displayl
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An example of DPR tracks for two days 5

For example, the figure shows a radar image of the Sea of Okhotsk. The satellite 1s
moving from bottom to top and in the radar image at the bottom right there 1s a sea waves
(awide green swatch) and further along the trajectory sea ice appears and the radar cross
section (RCS) decreases (a narrow green swatch and a wide blue swatch).

The sea 1s a convenient object for monitoring due to its large size. Algorithms have
been developed to classify the underlying surface according to the ice-water criterion
based on the DPR data [1, 2].
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Aradar image of the Sea of Okhotsk 6

Incidence angle 16°% Ku- and Ka-bands

Incidence angle -4°, Ku- and Ka-bands

Test site

An area containing a of the Volga River between the cities of Saratov and Volgograd was
chosen as a test site for the study, and data from 11/01/2021 to 09/01/2022 were used.
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Test site on Yandex map (left) and MODIS optical image (right).

Open water

An example of a radar image of a "test" site m the Ku-band
(left) and mn the Ka-band (right) in the absence of ice cover on
the river.

The blue curve shows the Volga River bed without taking into
account the river width. The color corresponds to the measured
backscattered RCS 1n dB, the scale 1s shown on the right.
Straight lines on the radar image are drawn for angles: -16°, -
12°, -8°, -4°, 4°, 8°,12°, 16°.
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Ku-band (left) and Ka-band (right) radar image of the study area on 12/19/2021. MODIS
optical image on 12/16/2021

Image sections at a constant mcidence angle are shown. The eastern longitude 1s located
along the horizontal axis, and the RCS i1s plotted vertically. All the figures show a "peak"
that corresponds to the river.
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Sections of the radar image for incidence angles of 16°, 12°, 8°, 4° and -4°, -8°, -12°, -16°.
Ku-band s shown in black, Ka-band in blue (12/19/2021).

The proposed approach to the problem of
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Backscattering at small incidence angles
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Dependence of the backscatter RCS on the incidence
angle for open water (left) and ice cover (right), Lake
Baikal
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Dependence of the RCS on the mcidence angle for sea waves and sea ice [3].
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Incidence angle 1 6% Ku- and Ka-bands

Incidence angle -4°, Ku- and Ka-bands

Ice cover formation

In winter conditions (presence of snow cover, negative air temperature) the
backscattering RCS of land and 1ce-covered rivers changes. Example of "winter" radar
image in Ku-band (left) and Ka-band (right) - 01/07/2022. The MODIS optical image
shows that the river 1s covered with ice.
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Example of "winter" radar image in Ku-band (left) and Ka-band (right) - 01/07/2022.
Optical image MODIS 8.01.2022
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Sections of the radar image are shown. In this case, there are no obvious peaks
corresponding to the river.
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Sections of the radar image for incidence angles of 16°, 12°, 8%, 4° and -4°, -8°, -12°, -16°".
Ku-band is shown in black, Ka-band in blue. 12

Destruction of the ice cover

In spring, the 1ce cover destroyed and the river becomes visible on the radar
1mage again.
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Radar image on April 4, 2022: Ku-band (left) and Ka-band (right). Optical image
MODIS 7.04.2022.
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Conclusion

The possibilities of monitoring inland waters with a DPR are considered and the
assumption 1s confirmed that:

at small incidence angles, small internal waters, i comparison with radar
footprint, that do not have ice cover can be detected in the radar image of the surface:

after the formation of the ice cover, the mternal water "becomes" invisible on the
radar image;

the appearance of an internal water on a radar image “indicates™ the destruction of
the 1ce cover.

The duration of the ice cover in inland waters 1s one of the indicators of ongoing
climate change, and according to DPR data, this parameter can be determined.
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