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LONG-TERM GOALS

The long-term goal of this research effort is to investigate the possibility of obtaining quantitative
information about the near-surface wind field and perhaps other parameters that characterize the
Marine Atmospheric Boundary Layer (MABL) from an analysis of Synthetic Aperture Radar (SAR)
imagery. Because of its potential for yielding such information in the form of high-resolution imagery,
this application of SAR, especially in coastal waters, would represent a significant advance over most
scatterometer and passive microwave sensors that yield only coarse-resolution estimates of the wind
field.

OBJECTIVES

Based on the results of effort over the past several years, we now believe that the possibility of
generating high-resolution wind maps from SAR has been demonstrated. Our wind-map generation
procedure has been automated so that high-resolution wind maps can be obtained from a SAR image
within about 30 minutes after the raw image file is received at JHU/APL. The immediate objective of
work on the present grant is to support the ONR-sponsored Coupled Boundary Layer Air-Sea Transfer
(CBLAST) Program field experiments by producing SAR wind maps over the experimental area south
of Martha’s Vineyard and with daily AVHRR sea-surface temperature (SST) imagery. This imagery
provides valuable estimates of the spatial behavior of features near the air-sea interface. Furthermore,
comparison between the SAR-derived wind predictions and in situ and airborne data collected during
the CBLAST field experiments allows us to further refine our wind-mapping algorithms.
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APPROACH

During the past year, we have converted eighteen standard-beam RADARSAT SAR images, collected
during the CBLAST-low pilot experiment conducted in August 2002, into high-resolution wind speed
maps. These wind maps have been made available to the other CBLAST researchers via the CBLAST
web site (given below). For the 2003 main experiment, we have again ordered 23 standard beam
RADARSAT SAR images and 18 EnviSAT alternating polarization images between July 25 and

August 31, 2003. These latter alternating polarization images consist of interleaved VV- and HH-
polarization data, and should be extremely useful in examining differences between C-band scattering
at different polarizations. We also plan to assess the wind-mapping potential of each polarizations, and
perhaps determine a more robust retrieval technique that utilizes a combination of both.

Of the 12 RADARSAT SAR images collected during the 2001 CBLAST pilot experiment, there were
three overpasses when the NOAA LongEZ aircraft was concurrently collecting data. Two of these
overpasses contained significant interference. (This interference was present in the processed SAR
imagery received from ASF, and was not an artifact of our wind mapping procedure.) Using the
uncontaminated image, we have nevertheless been able to make quantitative comparisons with the
LongEZ data to further validate the SAR-derived wind fields.

WORK COMPLETED

e Comparison between wind maps derived from RADARSAT SAR imagery collected during the 2001
CBLAST pilot experiment and concurrent wind vector measurements from the NOAA LongEZ
aircraft showed good agreement.

e Eighteen (of the requested 18) SAR overpasses from the standard beam mode (= 30 m resolution)
of RADARSAT-1 collected over the CBLAST-low pilot experiment site south of Martha’s Vineyard
during August 2002 have been processed into wind maps and posted on our CBLAST web page at:
http://fermi.jhuapl.edu/CBLAST/. Click “Overpasses; August 2002.”

e Comparisons between the wind speeds estimated from these SAR wind maps show good agreement
with the measurements from in situ sensors in the area.

e Twenty-three SAR overpasses from the standard beam mode of RADARSAT-1 and eighteen
overpasses from the standard beam mode of EnviSAT (both at = 30 m resolution) were ordered and
collected between the dates of July 25 and August 31 2003 to support the 2003 CBLAST-low main
experiment. Ten of the EnviSAT scenes have already been delivered to JHU/APL (as of 15
September 2003).

e We have presented recent results of our wind mapping work (including preliminary analysis of the
EnviSAT alternation polarization mode imagery) at the “2nd Workshop on Coastal and Marine
Applications of SAR” held at Svalbard Norway, 8-12 September, 2003.
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Fig. 1: (Left panel) Wind map of the CBLAST-low experimental area south of Martha’s Vineyard on
August 1, 2001 at 1058 UT created from a descending RADARSAT-1 overpass. The white line shows
the LongEZ flight track at the SAR overpass time. The numbers along the track correspond to 1 s
intervals. The red asterisks show the locations of 4 in situ wind sensors. (Right panel) Horizontal
wind speed along the LongEZ flight track. The black curve shows the SAR-derived wind speed, the
red curve shows the uncorrected LongEZ measurement, and the cyan curve shows the LongEZ
measurement corrected to 10 m neutral stability.

RESULTS

We have compared SAR wind maps from RADARSAT-1 imagery collected during the CBLAST-low
pilot experiment, conducted in shelf waters off the south shore of Martha's Vineyard between mid July
and mid August 2001 with winds measured on board the NOAA LongEZ aircraft during concurrent
under flights. As discussed in last year’s ONR progress report [Thompson, et al.; ONR, 2002], the
overpasses coincident with the LongEZ flights contained significant interference due to a processing
problem at the Alaska SAR Facility (ASF) during this time period. One of the overpasses (collected on
August 1, 2001 at 1058 UT) was subsequently reprocessed by ASF to eliminate the interference. We
have produced a surface wind map from this reprocessed image, and the portion of the map containing
the concurrent LongEZ flight path is shown in the left hand panel of Fig. 1. The white line on the map
marks the LongEZ flight path at the SAR overpass time and the numbers along this line are seconds
from the zero mark (at the upper left corner of the rectangular track). The red asterisks on the map in
the left-hand panel of Fig. 1 show the position of in Situ wind measurements from the NOAA
Buzzard’s Bay buoy (bb), and three WHOI instruments. (Note that the position of the Martha’s
Vineyard Coastal Observatory, labeled mvco on the wind map, has been shifted into the ocean about

5 km south of its actual location on the south shore of Martha’s Vineyard where the corresponding SAR
wind speed was collected. More about this later.)



Wind Speed Comparison; SAR Offset +1 m/s SAR Buoy Wind Speed Comparison
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Fig. 2: (Left panel) Horizontal wind speed along the LongEZ flight track. The black curve shows the
SAR-derived wind speed shifted higher by 1 m/s, the red curve shows the uncorrected LongEZ
measurement, and the cyan curve shows the LongEZ measurement corrected to 10 m neutral

stability. (Right panel) Comparison of SAR-derived wind speeds with wind speed measured at the 4
in situ buoys shown by the red asterisks in the left-hand panel of Fig. 1.

In the right-hand panel of Fig. 1, we compare the horizontal wind speed measured by the LongEZ with
that extracted from the SAR wind map along the LongEZ flight line (shown in the left-hand panel). The
black curve in the right-hand panel shows this SAR wind prediction. The red curve in this panel is the
raw horizontal wind speed measured on board the LongEZ which was flying at altitude of roughly

10 m. the cyan curve shows this wind measurement corrected to 10 m neutral stability using the
altitude and air-sea temperature difference measured aboard LongEZ and the Toga-Coare bulk flux
algorithm [Fairall, et al., 1996].

One can see from the right-hand panel of Fig. 1 that although the SAR wind is biased about 1 m/s
lower than the LongEZ measurement, the fluctuations about the mean wind from both sensors show
quite close agreement. This agreement is seen more clearly in the left-hand panel of Fig. 2. This panel
is the same as the right-hand panel of Fig. 1 except that the SAR-derived wind along the LongEZ flight
track has been shifted higher by 1 m/s. We believe it is clear from this panel that the SAR and LongEZ
were measuring basically the same wind field.

The right-hand panel of Fig. 2 show a comparison between the wind speed measured by the in situ
buoys shown by the red asterisks in the left-hand panel of Fig 1 and that extracted from the SAR wind
map. (Note that no bias has been added to the SAR-derived wind for this comparison.) One can see
from this panel that the SAR-derived wind speed at the position of each of the four buoys is in good
agreement with the speed measured by the wind sensor on the buoy itself.

Unfortunately, none of the remaining SAR images that coincide with LongEZ flight days during the
CBLAST 2001 pilot experiment have been reprocessed by ASF. Clearly, more cases are needed.
However, we believe that the comparisons presented above are quite encouraging, and clearly illustrate



the potential of the high-resolution SAR wind mapping technique. In fact, we believe these
comparisons represent the first time that SAR wind estimates have been compared with more
conventional measurements at comparable resolution. Furthermore, our present findings are quite
consistent with the results of previous studies where comparisons of SAR-derived winds with those
from NOAA buoys [Monaldo, et al., 2001] and QuikSCAT [Thompson, et al., 2001] show similar good
agreement. In fact, it seems to us that high-resolution SAR wind maps may be the only available means
to experimentally measure the spatial variability of the near surface wind field in the marine boundary
layer. Because of this fact coupled with the relatively dense temporal coverage from RADARSAT and
EnviSAT overpasses now available, SAR wind maps should provide important constraints on the
modeling studies and analysis of data from the CBLAST main experiment carried out last summer.

IMPACT/APPLICATIONS

The operational need for high-resolution wind maps is urgent. The primary application users for the
products and techniques produced by this work are government agencies tasked with coastal marine
weather forecasting, natural resource protection and management as well as those charged with safety
and law enforcement in coastal areas. There is now a strong consensus in the remote-sensing
community that high-resolution winds can be measured using SAR. From a scientific standpoint, SAR-
derived high-resolution wind maps provide the first opportunity to study the spatial variability of the
surface wind field over an extended area at resolutions less than one kilometer. Knowledge of wind
variability at these scales is important for understanding the effect of rapid changes in the surface
boundary conditions, caused for example by sharp variations in the local topography or surface
temperature, on the near-surface atmospheric circulation. It seems to us that the high-resolution surface
wind measurements possible with the SAR mapping technique should contribute greatly to meeting the
objectives of the ONR CBLAST program.

TRANSITIONS

As part of the Alaska SAR Demonstration phase of the NOAA StormWatch Program, we have been
supplying since 2000, SAR wind maps in near real time to meteorologists in Alaska as a forecasting aid
in this topologically-complicated region. Plans are underway to set up a similar system to produce SAR
wind maps along the US east coast in conjunction with the new CSTARS Facility at the University of
Miami.

RELATED PROJECTS

NOAA/NESDIS is currently funding the applications-oriented portion of our SAR wind mapping effort
under the auspices of ONR. In Europe, the integration and application of SAR data is being prototyped
as part of the Marine SAR Analysis and Interpretation System (MARSAIS). [Johannessen et al., 2001]
as a joint project led by the Nansen Environmental and Remote Sensing Center in Norway. The goal of
MARSALIS is to produce products (including high-resolution wind estimates) and tools to permit the
more effective utilization of SAR data in coastal areas.
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