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A fisherman working on deck in the Bering Sea, buffeted by 50-knot winds.
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A
long the Alaskan coast, strong, low-level winds flow through 
mountain gaps and high-walled bays. These “gap flow winds” 
can vary dramatically over short distances, and they present a 
significant hazard to boats and aircraft.

The National Oceanic and Atmospheric Administration (NOAA)  
now has the capability to map these winds and other localized 

wind patterns over the ocean using satellite imagery created by synthetic aper-
ture radar (SAR). Using this capability, NOAA developed a data product called 
SAR Winds, which provides daily updates of gap flow wind speeds over the 
polar regions. SAR Winds also provides updates of wind speeds along other 
U.S. coasts but only when satellite data for those locations are available.

But creating daily maps of wind patterns over Alaska is just the beginning: 
SAR Winds aims to provide near-real-time data for all U.S. coasts. Armed 
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With the data, coastal managers can better anticipate 
hazards and risks, monitor pollution spills, and coordinate 
search and rescue efforts.

with these data, coastal managers can better anticipate 
hazards and risks, monitor pollution spills, and coordi-
nate search and rescue efforts.

From Radar Reflections to Wind Speeds
High-resolution radar imagery requires large antennas. 
SAR systems are typically mounted on an aircraft or satel-
lite. They create the equivalent of a very large aperture by 
recording the reflected radar data while in flight.

Two phenomena are key to translating radar images to 
wind speed measurements. First, the ocean becomes 
rougher as wind speed increases, and the roughness is 
aligned with the wind direction. Second, as the ocean sur-
face gets rougher, the radar reflectivity increases. One 
measure of this reflectivity is the normalized radar cross 
section (NRCS) [Wright, 1960].

Geophysical model functions relate wind speed and 
direction to the corresponding NRCS [Stoffelen and Ander-
son, 1997; Hersbach, 2010]. In these model functions, a spe-
cific NRCS measurement can correspond to several differ-
ent wind speed and direction pairs. However, if wind 
direction is known, the wind speed can be computed from 
the NRCS value. The SAR wind processing uses the wind 
direction from a numerical weather model to uniquely 
identify the wind speed for a measured NRCS.

Building from a Long History
The measurement of wind speed from SAR imagery enjoys 
a long heritage. Wind speed data were inferred from the 
Seasat SAR, the first civilian spaceborne SAR, launched in 
1978 [Weissman et al., 1979].

From 1995 to 2010, NOAA used imagery from Canada’s 
Radarsat-1 to regularly derive wind speed maps as part of 
its Alaska SAR Demonstration Project (1999), where Radar-
sat-1 data were downloaded at the Alaska Satellite Facility 
in Fairbanks and processed into wind speed maps within a 
few hours from acquisition. This project permitted the val-
idation of SAR wind speed measurements against both 
buoy and NASA’s QuikSCAT scatterometer measurements, 
showing a standard deviation smaller than 2 meters per 
second [Monaldo et al., 2004].

SAR Winds builds from this long history. Through the 
SAR Winds system, NOAA produces high-resolution maps 
of wind speeds over the ocean. These maps can image fea-
tures down to a resolution of 500 meters.

At this resolution, SAR Winds observes fine-scale wind 
patterns on the surface of the ocean at the coasts. The high 
resolution reveals features not observable in other data 
sets or represented in current models.

SAR Winds became NOAA’s first operational SAR-based 
product in May 2013. Operational here means that the 
product has a demonstrated set of users and that NOAA 
makes special efforts to maintain availability and provide 
the data in as near real time as possible.

An Abundance of Images
SAR Winds first started making maps of Alaska’s coast 
using SAR imagery from Canada’s Radarsat-2, obtained by 
NOAA’s National Ice Center (NIC). NIC monitors the polar 
sea ice extent and determines associated ice hazards to 
navigation. NIC’s Radarsat-2 imagery yields about 4000 
images per year—these images are sent to SAR Winds for 
further processing to make them user friendly. Then they 
are distributed by NOAA’s Office of Satellite and Product 
Operations.

SAR Winds will take advantage of the large volume of 
SAR imagery expected from the European Space Agency’s 
(ESA) Sentinel-1 satellites. Sentinel-1A, which launched 
3 April 2014, acquires approximately 26 minutes of imagery 
during each orbit. An identical Sentinel-1B SAR satellite is 
slated for launch in 2016.

ESA has a “free and open” data policy for Sentinel-1 
imagery. Since October 2014, ESA has made available “pre-
liminarily qualified” Sentinel-1A imagery via its public Sci-
entific Data Hub. Roughly 100 images a day are being con-
verted to SAR Winds products for system evaluation and 
product validation. Thus far, Sentinel-1A observations, 
when integrated into SAR Winds, perform with an accuracy 
similar to that of the Radarsat-2 data.

In the future, NOAA anticipates becoming an interna-
tional partner of the Sentinel satellites and obtaining 
Sentinel-1A imagery via a high-speed data link to support 
SAR Winds processing with near-real-time delivery of 
around 3 hours. NOAA’s initial priority is to produce SAR 
Winds products for Sentinel-1A data acquired within 500 
kilometers of the U.S. coasts, over the Great Lakes, and in 
the polar regions.

Wind Maps off Alaska’s Coast
Currently, the principal output of SAR Winds is a Network 
Common Data Form (NetCDF) file that’s climate-forecast 
compliant, meaning that it contains an agreed-upon set of 
metadata that promotes sharing and use of geophysical 
information.

The file includes layers for SAR-derived wind speed, 
Global Forecast System (GFS) model wind speed and direc-
tion, a land mask, longitude, latitude, radar look direction, 
and incident angle.

Images produced over the Arctic region include an ice 
mask layer from the Interactive Multisensor Snow and Ice 
Mapping System [Helfrich et al., 2007]. The ice mask assists 
in validation by flagging locations where wind speeds are 
derived from ice pixels rather than over the ocean. Wind 
speeds over ice masses can be excluded from the calcula-
tions using the mask.

For a sample SAR Winds map, see Figure 1. The National 
Weather Service, especially local forecast offices in the 
Alaska region, has taken an interest in using images from 
SAR Winds, such as those similar to Figure 1. These offices 
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Fig. 1. Sentinel-1A synthetic aperture radar–derived wind speed image for data acquired on 28 Novem-

ber 2014 at 02:37:03 coordinated universal time off the coast of southeastern Alaska. The colors repre-

sent wind speed, and the gray area is a shaded-relief map over the land areas. The wind barbs repre-

sent the wind vectors from the Global Forecast System (GFS) model at a 10-meter height above the 

surface.

use the SAR Winds images to assist 
analysts in their forecasts.

Validating Operational Products
Validation is an important compo-
nent of the operational SAR Winds 
system. SAR wind speed accuracy is 
estimated by comparing the 
retrieved SAR winds against inde-
pendent wind speed estimates.

For the period between 
21 December 2014 and 17 March 
2015, 87,497 comparisons were 
made between Sentinel-1A- 
derived SAR winds and spatially 
coincident wind retrievals from 
NOAA’s Advanced Scatterometer 
(ASCAT; taken within ±2 hours of 
the Sentinel-1A observation time). 
Most of these comparisons were in 
polar regions at latitudes north of 
60°N but south of the ice edge.

The SAR wind retrievals were 
averaged into 25 kilometer × 25 
kilometer areas to match the 
ASCAT lower-resolution scatter-
ometer measurement. The mean 
difference between Sentinal-1A and 
ASCAT winds was −0.45 meters per 
second, with a standard deviation of 
1.82 meters per second. These 
results are comparable to the valida-
tion results from Radarst-2 (mean 
difference of −0.60 meters per second and standard devia-
tion of 1.51 meters per second [Monaldo et al.,2013]). For 
details of the comparison, see Monaldo et al. [2015].

Once Sentinel-1A ramps up to full operations, we also 
intend to make direct Sentinel-1A and Radarsat-2 compar-
isons.

More Applications to Come
Now that NOAA has successfully created regular Radarsat-2 
SAR Winds images that can be used by coastal managers, 
NOAA has plans to produce additional SAR-based prod-
ucts. These plans will be aided by the integration of the 
large volumes of SAR imagery expected from Sentinel-1 
and the Canadian Radarsat Constellation Mission (2018).

Future products, now undergoing preliminary tests, are 
expected to include an automated sea ice masking and 
classification, ship detection, oil spill mapping, and ocean 
wave spectra. As each product is validated, it will be incor-
porated into routine dissemination systems. NOAA expects 
that the availability of free and open Sentinel-1 SAR imag-
ery from ESA will greatly accelerate and expand the devel-
opment of new applications of SAR.
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