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EOS-6 (OCEANSAT-3)

1.0 Algorithm Specifications:
Version Date Prepared by Description

1.0 October | Purvee Joshi, Naveen | Global Sea Ice Extent — Level-
2021 Tripathi, Satyesh Kumar |3 product from EOS-06
Ghetiya, Sushil Kumar | (OCEANSAT-3)
Singh, Sandip R. Oza

2.0 Introduction

Sea ice has an intense impact on the polar environment, ocean circulation, weather
and regional climate. Unexpected melting of sea ice, which is considered as one of
the climate change effects, has become a potential threat to the Earth’s climate. The
regular monitoring of sea ice and its extent has become very important towards
understanding of sea ice temporal dynamics. In this study, we present an operational
technique of generation of sea ice images and sea ice area (derived from the images)
using level-4 data from Indian Scatterometer SCATSAT-1. Using hierarchical
classification rules, the threshold-based technique has been developed and applied to
generate super-resolution (2.25 km) daily sea ice images over the Antarctic for the
years 2017 and 2018. The technique uses four SCATSAT-1 data products, i.e.
Gamma0 [Horizontal (H) and Vertical (V)] and Brightness Temperature (H and V) to
classify sea ice, open water and other classes. Classification accuracy has been
assessed by comparing SCATSAT-1 sea ice images with those obtained from AMSR2
sea ice concentration data. The comparison shows that there is around 96.1%
matching of sea ice classification between SCATSAT-1 and AMSR-2 SIC derived sea
ice images. Hence, it indicates that the super-resolution data of SCATSAT-1 is well

capable of distinguishing sea ice from water.

3.0 Background: Sea Ice Extent - Polar - Arctic & Antarctic using
Scatterometers
SCATSAT-1 is a continuity mission to Indian satellite OceanSat-2, and launched by

the Indian Space Research Organization (ISRO) in the year of 2016. It orbits at an
altitude of 723 km. It provides data in the range of Ku-band (operating at 13.515 GHz).
The inner and outer beams of Scatsat-1 are configured in horizontal and vertical
polarization respectively for both transmit and receive modes with a revisit time of 2

days and an approximate swath of 1400-1800 km. Though, the primary function of the



sensor is to generate wind vector at either 50x50 km or 25x25 km, but its data is also
found to be useful in polar sea-ice studies, along with many other studies.

In the current study, Level - 4 data products have been used which has spatial
resolution as high as 2.25 km (operational version 1.1). The Level 4 products are
generated from Level 1B products. These high-resolution products are generated
using Scatterometer Image Reconstruction (or SIR) technique (Long et al., 1993). The
products are generated in six bands namely sigma-0 (c0), gamma-0 (Y0) and
brightness temperature (Tb) in both horizontal and vertical polarization (more details
about the product in the manual of SCATSAT1 DP Team, 2017). Depending on
combinations of polarization/pass/look and temporal extent of data, various sub-
categories of Level 4 products are defined (more details about the product in the
manual of SCATSAT1 DP Team, 2017). The dataset used in this study is the
NorthPolar24 and SouthPolar24 which are archived at the ISRO’s data archival
website, Meteorological & Oceanographic Satellite Data Archival Centre, MOSDAC
(https://mosdac.gov.in/). We have used Tb in both horizontal and vertical polarization

namely BH and BV respectively and similarly YO in both horizontal and vertical

polarization namely GH and GV respectively.
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Figure 1: The coverage of SCATSAT-1 represented with SigmaO (dB) data for 1st of
September, 2018
For statistical comparison and accuracy assessment, Sea Ice Concentration (SIC)

produced using Advanced Microwave Scanning Radiometer 2 (AMSR2) (further
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referred as SIC image) was used as the reference images for error analysis. AMSR2
sensor on-board satellite Global Change Observation Mission-Water (GCOM-W) of
Japan Aerospace Exploration Agency (JAXA) have been used for daily data over sea
ice region of the Earth with spatial resolution of 3.125 km. With reference to ARTIST
(Arctic Radiation and Turbulence Interaction STudy), the ARTIST Sea Ice (ASI)
algorithm was developed which has been used to generate the data (Spreen et al.,
2008). National Snow and Data Ice Centre (NSIDC) provides the continuous series of
dataset of daily sea ice concentration over sea ice region of the Earth. More details of
satellites data are given in Table 1.

Table No. 1: Specifications of the satellite data which are used in this study

Source of Special Temporal Data Version | Frequency
Data Resolution Resolution Type
(km)
SCATSAT-1 | 2.25 Daily Seaice extent | 1.3 13.515 GHz
AMSR2 3.125 Daily Sea ice | 5.4 89 GHz
concentration

4.0 Methodology

The identification of sea-ice has frequently been reported as one of the most important
task for deriving the sea-ice parameters and to avoid erroneous retrieval of wind vector
over sea-ice infested oceans using space-borne scatterometer data. Discrimination
between sea-ice and ocean is ambiguous under the high wind and/or thin/scattered
ice conditions. An algorithm and software has been developed and evaluated at SAC
(ISRO) and made operational in Oceansat-2 OSCAT and SCATSAT-1 Data Product

chain.

The similar software module with minor revision will be followed for the generation of
sea ice flag in EOS-6 (Oceansat-3) scatterometer data product generation. The sea
ice flag image is being updated for every orbit in the DP chain and latest image at 00
Hrs is considered as daily image for the day of concern. This image will further be

used for the final global sea ice product.

3.1 Physics of the problem:
Ocean backscatter varies considerably as a function of the wind speed and wind

direction relative to the radar look-angle. It also varies over different sea-ice types at
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different seasons (Ulaby et al., 1986). At low wind speeds, the average backscatter
from the ocean is generally lower than that from ice. Ice and ocean may exhibit similar
mean backscatter at higher wind speeds. During summer melts, ice backscatter drops
generally by 5 dB and therefore, the ice-ocean backscatter contrast diminishes
(Haarpaintner et al., 2004). Oza et al. (2011) have developed a spatio-temporal
coherence based sea-ice identification procedure (Oza et al. 2011). The algorithm has
been implemented in the generation of sea ice flag in OSCAT data products. The major
points of the algorithm have been summarized as discussed below.

3.2 Spatio-temporal coherence properties of sea ice:

Haarpaintner et al (2004) have used previous one day status as the first approximation
to account for ocean noise. However, longer periods of strong winds can still prevail
as ocean noise during different seasons. The wind fields, generally, exhibit variability
over a time scale of a few hours to a few days. The sea-ice cover exhibits variability
over a time scale of a few weeks to a few months. In general, the time scales of the
two processes are different. This suggests that both can be distinguished better in time
domain. Therefore, the data acquired over a few consecutive days was utilized to
resolve the ambiguity. Since, wind fields are most likely to vary significantly over 3-4
days, it is appropriate to use the data of previous 4 days to remove the sea-ice
identification ambiguity.

During the growth/melt of the sea-ice, it grows/melts around the previously existing
ice, and hence follows spatial coherence. This property of sea-ice growth was utilized
by applying the 3 x 3 pixel moving window filter to make use of the spatial coherence
pattern. This will reduce the random appearance of ocean/sea-ice pixels. The spatio-
temporal coherence largely reduces the identification inaccuracies in both the

hemispheres.

3.3 Algorithm description:

The flow diagram of the steps followed for the sea-ice identification is shown in Figure
1. The daily backscatter images (H & V) the previous four days were utilized to check
the spatio-temporal coherence. Non-polar area was masked using the climatological

maximum sea ice extent for the month, in which majority of the four input image falls.



The hierarchical classification rules applied to identify the sea-ice and ocean classes
are given below,

I. o0H > -25 dB in winter and > -28 dB in summer

il. o0V > -25 dB in winter and > -28 dB in summer

iii. APR < APRO for winter and summer; APRO=Derived optimum APR threshold

iv. 4-Day Standard deviation (SDO0) < 4 dB in winter and < 5 dB in summer; where
SDO is the SD of oOH or o0V, whichever is higher
V. Condition for temporal coherence: Conditions (i) to (iv) should be satisfied at

least for the median number of images (in present case 3 out of four images).

Vi. Condition for spatial coherence: Median number of pixels, or more, in the
moving window should be sea-ice (i.e. 5 or more in a 3x3 window)

Here, the rules (i), (ii) and (iv) for the cOH, o0V and Standard Deviation (SD) were
taken from Haarpaintner et al (2004), rule (iii) is a modified version with an optimized
APR threshold, and rules (v) and (vi) were devised by the authors to improve the
classification accuracy based on the time-scales of wind field and sea ice evolution

processes.
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Figure 1: Flow diagram showing steps followed for se ice identification

Following codes (Table 2) are being assign for various surface type in the final product.

Table 2: Codes for different surface types

Value Feature

0 Open Ocean

2 Landlce-Ocean mixed

3 Land

10 Open Ocean in polar region
11 Sea lce

111 Data Problem




4.0 Error Analysis and Accuracy Assessment

Sample image of 215 February 2021, obtained from the MOSDAC is as given below.

An evaluation of OSCAT derived sea ice flags has been carried out using (i)
QUISCKSCAT derived ice extent obtained from BYU site and (ii) passive microwave
radiometer derived sea ice cover obtained from ASI site. The comparison is as shown
in figure 2.

e = .
Climatology of Maximum sea ice cover of Nov.
Sea ice extent mask as identified

from 4.45 km QuikSCAT data by BYU

OSCAT Sea ice extent mask

OSCAT derived Sea Ice Cover
displayed over OSCAT backscatter
data

OSCAT Sea Ice Cover displayed over
ASl sea ice concentration image

Figure 2: Comparison between i) QUISCKSCAT derived ice extent obtained from
BYU site and (ii) passive microwave radiometer derived sea ice cover obtained from
ASI site.

The comparison with ASI data derived from passive microwave radiometer is slightly
under estimates the sea ice, which could be due to the sensitivity of scatterometer
towards the presence of sea ice is higher compared to radiometer. It is observed that
OSCAT derived sea ice cover closely follows the QuikSCAT derived ice cover
obtained from BYU.



The additional module developed for SCATSAT is expected to improve the
identification procedure. This module utilizes the spatio-temporal coherence based 3S
sea ice flag code image as a-priori information and further improves the identification
by considering the real-time slice/composite level Sigma-0 and BT values.

6.0 Future scope

There is need for long term monitoring of sea ice extent over polar sea ice for
statistically significant conclusion addressing the mass balance scenarios of Polar
Regions. The sea ice extent observation from Oceansat-3 data along with continuity
from previous scatterometers can provide evidences regarding the impact of climate
change in most sensitive polar region. There will be a scope to refine the detection
algorithm based on adaptive threshold method using brightness temperature data from
Oceansat-3.
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