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ABSTRACT. Radar backscatter in Arctic and sub-Arctic regions is temporally dynamic and reflects changes in sea ice,
glacier facies, soil thaw state, vegetation cover, and moisture content. Wind scatterometers on the ERS-1 and ERS-2
satellites have amassed a global archive of C-band radar backscatter data since 1991. This paper derives three high
temporal resolution data products from this archive that are designed to facilitate scatterometer research in high-latitude
environments. Radar backscatter data have a grid spacing of 25 km and are mapped northwards from 60°N latitude over
intervals of one, three, and seven days for the period 1991-2000. Data are corrected to a normalized incident angle of
40°. Animations and full-resolution data products are freely available for scientific use at http:/merced.gis.ucla.edu/

scatterometer/index.htm.
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Introduction

Since the first European Remote Sensing (ERS) satellite
was launched in 1991, imaging radars have allowed
observation of a wide range of natural and human-induced
processes. Radars are useful in polar environments owing
to their ability to penetrate clouds and the darkness of
night, and their sensitivity to the presence of liquid water.
Synthetic aperture radar (SAR) offers the particular
advantage of high spatial resolution (~25 m for ERS). In
the past decade, SAR data from the ERS, JERS, and
RADARSAT satellites have been used with good results
to observe ice, glacier, ocean, and land surface processes
in the cryosphere.

In addition to a SAR, each ERS satellite also carries a
wind scatterometer as part of its Active Microwave
Instrument (AMI). The primary objective of wind
scatterometers is to measure radar backscattering from
ocean surface waves, from which wind velocity and
direction can be estimated. However, scatterometers also
collect data over land as well. Like the ERS SAR
instruments, the ERS wind scatterometers operate at C-
band (5.3 GHz) and VYV polarization (vertically sent and
receivedradar pulses). However, they operate overamuch
greater range of incident angle (18-57° as opposed to 23°
for ERS SAR), have a wider illuminated swath width (500
km as opposed to 100 km), much coarser resolution (50
km, with a processed pixel spacing of 25 km), and more
frequent coverage (near-daily at Arctic latitudes as opposed

to 35 days for ERS SAR). Wind scatterometers therefore
allow frequent radar imaging over large areas, but with
coarser spatial resolution than can be achieved with SAR.

Although the primary purpose of the ERS scatterometers
is to derive ocean products, their frequent global coverage
allows investigation of temporally changing soil,
vegetation, snow, and ice characteristics at regional to
continental scales. ERS scatterometer data have now been
successfully used to investigate soil freeze—thaw cycles
(Boehnke and Wismann 1997; Running and others 1999;
Smith and others 2000; Wismann 2000a), snow cover
(Wismann and Boehnke 1997; Jin and Zhang 1999), land
cover (Abdel-Messeh and Quegan 2000; Woodhouse and
Hoekman 2000), seaice (Gohin and Cavanié 1994; Cavanié
1998; Drinkwater and others 1998; Gohin and others 1998;
Grandell 1998; Ezraty and Cavanié 1999; Grandell and
others 1999), and the backscattering properties of the
Greenland and Antarctic ice sheets (forexample, Wismann
1998; Jin and Zhang 1999; Bingham and Drinkwater 2000;
Drinkwater and Liu 2000; Wismann 2000b). Such scatter-
ometer-based studies are less numerous than those using
SAR. One reason for this is that scatterometer analyses
require data compilation from thousands of orbits for
temporal studies at the regional to continental scale. Free
and easy access to user-friendly data compilations should
serve a broader community of users and facilitate new
research applications in Arctic and sub-Arctic environ-
ments. The Centre d’ Archivage et de Traitment de données
satellite released a backscatter product of ERS polar sea-
ice grids (Gohin and Maroni 1998), and provides public
access to these data (http://www.ifremer.fr/cersat/). This
product normally provides complete spatial coverage of
the polar regions, with a temporal resolution of one week
or one month.

This paper presents a compilation of high temporal
resolution image products with all radar backscatter data
north of 60°N collected by the ERS wind scatterometers
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between August 1991 and December 2000. Satellite and
instrument characteristics are summarized, followed by a
description of the data processing procedure and instructions
for download of the derived data products. Full resolution
products and web-based animations are freely available
for scientific use from the Department of Geography,
University of California, Los Angeles.

The ERS program

The ERS satellites were launched by the European Space
Agency (ESA)inJuly 1991 (ERS-1) and April 1995 (ERS-
2). Both satellites have a Sun-synchronous near-polar
orbit, with an inclination of 98° and mean altitude of 780
km. Descending orbits cross the Equator around 10:30 AM
local time (ESA 1993). Wind scatterometer data were
obtained from ERS-1 from 1991 to 1996. Measurements
since March 1996 have been obtained from ERS-2. The
wind scatterometers measure radar backscattering
coefficients (c°) from three directions, looking 45°
(forebeam), 90° (midbeam), and 135° (aftbeam) to the
right of the spacecraft flight direction. ERS scatterometer
dataand derived wind products are distributed by IFREMER
(Institut Frangais de Recherche pour I'Exploitation de la
Mer) in the form of wind field (WNF) CD-ROM products.

Data processing procedure

ERS wind scatterometer data from IFREMER were
separated into time intervals of one, three, and seven days
to produce one-day, three-day, and seven-day temporal
composites of radar backscatter. The one-day product
offers maximum temporal resolution but suffers from
spatial data gaps. The seven-day product offers reduced
temporal precision but more complete spatial coverage.
All three products have a grid cell spacing of 25 km, are in
the polar stereographic map projection, and cover latitudes
northwards from 60°N. Data products begin [ January and
end 31 December for each year except 1991 (the first year
of operation for ERS-1), which begins 5 August 1991.
Data processing was carried out with Cand IDL (Interactive
Data Language) programs written to (1) subset WNF
global source data northwards from 60° latitude; (2) compile
all acquired backscatter dataintoa grid with25-kmspacing;
and (3) for each grid cell, derive a normalized radar
backscatter (6°,,) that corrects for incident angle effects.
Each of these three steps is described.

WNF global source data subset

Orbit swaths of raw backscatter data were extracted and
subset from the global WNF source data set. Each WNF
CD-ROM contains approximately three or four weeks of
data organized by orbit. Each orbit contains the azimuth,
incident angles, and backscatter coefficients of the fore-,
mid- and aft-beams for each measurement, as well as
associated sampling times and latitude/longitude
coordinates. All backscatter coefficients north of 60°N
were subset from the global orbit data. Concatenation of
source files was commonly required to allow correct data
sampling for the three-day and seven-day data products.

Compilation of backscatter data into a 25-km grid
A polar stereographic grid with 25 km cell spacing was
generated for 60-90°N latitude. For each one-, three-, or
seven-day time interval, all 0° values falling within each
25-km grid cell were compiled, and their latitude/longitude
coordinates were converted to projection coordinates.

Correction for incident angle

ERS scatterometers measure the backscatter 6° at different
incident angles for a given location on the ground, owing
to a systematic increase in look angle across the image
swath; the use of fore-, mid-, and aft-beams; and the fact
that the satellites often return to image the same place from
an adjacent orbit. Satellite measurements of 6® should be
corrected for this effect before real changes in surface
scattering properties are elucidated. In practice, this
correction may be accomplished using a signal linearization
method (for example, Kennett and Li 1989), which
determines a linear dependence of c®upon incident angle.
For each 25-km grid cell, the authors determined this
dependence by least-squares fit through all values of c%and
incident angle acquired during a specified time interval.
The fit was then used to compute the 6°value expected for
an incident angle of 40°. This corrected backscatter value
(0%, was assigned to the cell location. Assumption of
isotropic scattering is implicit in this procedure. In most
cases, the least-squares regression was satisfactory for
predicting fall-off of 6’ with incident angle when data from
multiple look directions were included in the regression
calculation for each grid cell. Therefore, the derived least-
squares relationship is assumed insensitive to sensor look
direction and target orientation.

Product format and examples

All three products are in generic binary format and display
0"40 in units of decibels (dB). The files within each product
have anamingconventionof ‘mmddyyyy-MMDDYYYY flt;
where mm, dd, yyyy, MM, DD, and YYYY are the starting
and ending day, month, and year, respectively. If the date
difference is six, the file is a seven-day product. For
example, the filename ‘01011999-01071999.1It’ indicates
a seven-day product from 00hOO (Universal Time
Coordinate) 1 January 1999 to 24h00 7 January 1999,
whereas ‘01011999-01011999.11t" is a one-day product
for the day 1 January 1999 from 00OhOO to 24h00. Most
programming languages (for example, C, Fortran), image-
processing and GIS systems (for example, Erdas®, ENVI®,
PCI®, ER Mapper, Arc/Info®, and ArcView®), and scientific
language packages (for example, IDL®, Matlab®) can read
this format as a signed 32-bit float array with 273 rows and
273 columns. The center of the array, that is, cell (137,
137) corresponds to the North Pole. Latitude/longitude
coordinates of cell (273, 137) are (60°N, 0°). Most
backscatter data are within the range of -30to 0dB. A null
value of zero was set for the background and missing data.
No other filtering (that is, to fill data gaps) was applied.
Monthly examples of the seven-day product for year
1999 are shown in Figure 1. Variations in ¢, reflect
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Fig. 1. Samples of the seven-day radar backscatter (a°,;) product for year 1999. Note that these images are
degraded; the actual spatial resolution of all data products is 25 km. Data gaps occur where orbits are missing
and northwards of 87°N. Sources of high backscattering include multi-year sea ice, percolation ice facies
(Greenland), enhanced scattering by vegetation, and high topographic relief. Low backscatter is found over

open water, first-year sea ice, soil thaw, and melt onset of melt over snow and ice.
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dynamic changes on land, ocean, and ice surfaces. High
radar returns are associated with multi-year sea ice,
percolation ice facies on the Greenland ice sheet, increased
soil moisture, and enhanced scattering by vegetation.
Static areas of high backscatter typically correspond to
areas of high topographic relief. Low values of ¢, are
found over open water, first-year sea ice, thawed soils, and
areas of freshly melting snow. The data gap north of 87°N
apparently is caused by the orbit inclination of the ERS
satellites. Smaller gaps are caused by missing orbits. Time
series of backscatter can be extracted from these image
products. Figure 2 shows the daily o°,, profile from 5
August 1991 to 31 December 2000 for a single 25 km pixel
on the Vetrenyy ice cap (63.53°E, 80.78°N) in Zemlya
Frantsa-losifa. Sharp decreases in 6°,, correspond to the
onset of melteach spring. Construction of such time series
allows precise determination of the timing of melt, as well
as annual and inter-annual variability in other radar
backscattering properties.

Access to animations and full-resolution
data products

Animations and full-resolution versions of the one-day,
three-day, and seven-day data products currently span the
period August 1991 to December 2000 and are freely
available for scientific use at http://merced.gis.ucla.edu/
scatterometer/index.htm. This article should be cited as
the reference source for all animations and data downloaded
from this site.
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