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Identification of sea ice at low incidence angles using Ku-band radar data onboard GPM satellite
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Abstract

The method for identification of sea ice from the data of
Ku-band radar onboard GlobalPrecipitation Measurement
(GPM) satellite is outlined. It was shown before that the
dependence of normalized radar cross section on incidence
angle differs for clear sea and ice covered surface. The kur-
tosis of surface slopes probability density function was cal-
culated. Sea ice concentration was obtained from radiome-
ter GPM microwave imager (GMI) data onboard GPM
satellite. The threshold for kurtosis was chosen basing on
sea ice concentration data.

1 Introduction

Sea ice identification using microwave instruments is an
important problem, especially in Arctic and Antarctic re-
gions. Dual frequency precipitation radar (DPR) onboard
GPM satellite observes the globe within ±65◦ latitude, thus
polar areas where ice presents are partially covered.

In previous work the method for automatic ice detection
using Ku-band DPR data was developed [1]. In the present
work the method is validated using GMI and AMSR ra-
diometers data in Arctic and Antarctic regions.

2 Data

The GPM satellite was launched in February 2014, car-
rying five instruments including the DPR and radiometer
GPM Microwave Imager (GMI). The satellite ground track
is confined between 65° S and 65° N. The DPR is a Ku-
and Ka-band pulsed radar with horizontal polarization, fur-
ther we consider Ku-band radar only because it had a wider
ground track in 2016. The DPR antenna scans perpendic-
ularly to the flight direction. The scanning angle varies
from -17° to +17°, with 49 beam positions separated by
0.71°. The local incidence angle depends on the shape
of the Earth. Maximum local incidence angle is approxi-
mately 18◦, spatial resolution is about 5 km by 5 km. The
GPM data contains a rain flag for each resolution element.

GMI is a conically scanning multychannel microwave ra-
diometer. It is also installed onboard GPM satellite. Its
swath is 885 km. Sea ice concentration (SIC) was calcu-
lated from GMI data using the algorithm [2] and collocated
with DPR measurements.

The data for January 2018 was used for Northern hemi-
sphere and the data for July 2018 was used for Southern
hemisphere. In figure 1 the example of the dependence of
normalised radar cross section (NRCS) over water and ice
surface is presented.

Figure 1. The example of the dependence of normalised
radar cross section (NRCS) over water and ice surface
(from [1])

In figure 2 the PDF of NRCS over ice and water surface is
presented for incidence angle 1.5◦. It can be clearly seen
that sea ice detection basing on NRCS is difficult. Thus the
approach based on the knowledge of statistics of surface
slopes was adopted.

Figure 2. PDF of NRCS over ice and water surface for
incidence angle 1.5◦.

3 Sea ice detection method

Let us briefly remind the idea from [1] of sea ice detection
using the information on surface statistics.



According to geometrical optics (GO) approximation
NRCS is proportional to the slope probability density func-
tion (PDF) along the direction of scanning [3]

σ
0 = Acos−4(θ) ·P(tanθ) (1)

PDF of water surface slopes is close to Gaussian, while the
sea ice the has the narrow peak at θ = 0◦. The sharper is
the curve peak near the center of distribution, the greater
is the value of the kurtosis coefficient of PDF. The kurtosis
coefficient for P(x) is calculated as follows
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where µ2 and µ4 are the central statistical moments of PDF
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and x is the expected value of x:
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For DPR data if we consider the part of the scan for −15◦ <
θ < 15◦ (where GO approximation is valid), N = 41, µk in
a discrete form is as follows
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Each half of the swath can be considered separately for
θ > 0◦ and θ < 0◦. In order to calculate kurtosis prop-
erly each half is complemented symmetrically so that
σ0(θ) = σ0(−θ) and for each augmented half-scan the op-
erations (2)-(5) are performed.

The threshold of kurtosis for sea ice discrimination from
water was obtained as follows. Basing on GMI data the
footprints with SIC < 0.1 were marked as water, and with
SIC ≥ 0.1 were marked as ice.

Basing on DPR data the footprint was labeled as ice if γ2 >
γ̃2 for the half-scan where the footprint belongs. In order to
obtain optimal threshold value γ̃2, F-score was maximized.
F-score is calculated as follows

F =
T P

T P+0.5(FP+FN)
, (6)

where TP (true positive) is the quantity of footprints where
SIC ≥ 0.1 and γ2 ≥ γ̃2, FP (false positive) is the quantity
of footprints where SIC < 0.1 and γ2 ≥ γ̃2, and FN (false
negative) is the quantity of footprints where SIC ≥ 0.1 and
γ2 < γ̃2.

Optimization was performed for the central part of the
swath (|θ |< 4.5◦), for F = 0.95 the threshold value γ̃2 = 3.

4 Results

The data for the first decade of January and first decade
of July were processed for Northern and Southern hemi-
spheres respectively. Sea ice is marked with blue. The po-
sition of sea ice from DPR data is shown in figures 3 and 4,
and sea ice concentration from AMSR data (University of
Bremen archive) is shown in figures 5 and 6. Good agree-
ment is observed.

5 Conclusions

New method for sea ice detection using DPR data was val-
idated using radiometer data. The idea of the method is to
use the information on statistical properties of underlying
surface. The advantage of the approach is that exact cali-
bration of the instrument is not important.
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Figure 3. Sea ice from Ku-band DPR data in Northern
hemisphere, first decade of January.



Figure 4. Sea ice from Ku-band DPR data in Southern
hemisphere, first decade of July

Figure 5. Sea ice from AMSR data in Northern hemisphere,
January 10.

Figure 6. Sea ice from AMSR data in Southern hemisphere,
July 10.


