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This poster illustrates the major features of SMAP wind measurements: the
methodology, the challenges, and the potential for storm intensity identification and
prediction.

• Capability at high winds: SMAP radiometer channels operate at a very low microwave
frequency (L-band, 1.4 GHz), which has good sensitivity to ocean surface wind speed
even in very high winds and is very little impacted by rain. This gives SMAP a distinct
advantage at storm-force winds over many space borne ocean wind sensors such as C-
band (ASCAT, 5 GHz) or Ku-band (ISS-RapidScat, 14 GHz) scatterometers, as well as
radiometers operating at higher frequencies (SSMI, TMI, WindSat, AMSR, GMI), which
either lose sensitivity at very high winds or degrade in rainy conditions.

• Validation of SMAP winds: The most important validation source in hurricanes is the
airborne Stepped Frequency Microwave Radiometer SFMR, whose wind speeds are
matched with SMAP in space and time. SFMR winds are cross-validated with
dropsondes. A comparison between SMAP and SFMR winds for 10 storms in 2015,
including Patricia, shows excellent agreement up to 65 m s-1 without degradation in
rain. In addition to SFMRs, we compared SMAP wind fields in recent intense tropical
and extratropical cyclones with wind measurements from current scatterometer
missions as well as the WindSat radiometer.

• Case studies: Patricia (2015); Winston, Meranti, Fantala, Matthew (2016).

• SMAP Mission: The Soil
Moisture Active Passive Mission
SMAP is a NASA satellite.
Though designed to measure
soil moisture, the SMAP
radiometer has an excellent
capability to measure ocean
winds in tropical cyclones.

• The SMAP wind measurements are derived by comparing
the emissivity of the wind-induced ocean surface
roughness to that from a flat ocean (emissivity model,
GMF). The emissivity is observed as ocean brightness
temperature (TB) at L-band frequency.

• SMAP radiometer channels operate at a very low
microwave frequency (1.4 GHz), which has good sensitivity
to ocean surface wind speed at wind speeds above 15 m/s
(30 kn).

• The ocean emissivity response for a rough ocean surface vs
a flat one measured at this frequency is linear up to 30 m/s
(top Figure). The model has been linearly extrapolated
above that. An independent source of validation is needed
to confirm validity of the hurricane force-winds (Section 3).
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• Validating hurricane-force winds is very challenging. In situ
measurements are indirect and mostly limited to locations close to
coastal areas, where NOAA or US Air Force hurricane
reconnaissance aircrafts are able to fly.

• The most reliable source of validation for satellite hurricane-force
winds is from the Stepped Frequency Microwave Radiometers
(SFMR) mounted on the hurricane hunter aircrafts.

• The SFMRs are themselves validated versus GPS dropsondes (wind
measurements between flight and surface altitudes (Figure, right).

NOAA's Lockheed WP-3D

SFMR winds correlate well with GPS dropsonde winds
No systematic biases. Estimated accuracy about 3 m/s.

SFMR has not been used in deriving SMAP wind-emissivity model.
Therefore it provides an independent source of validation for 
satellite winds.

from: B. Klotz and E. Uhlhorn,  JAOT., 2014.
observations between 1999 – 2012
http://www.aoml.noaa.gov/hrd/data_sub/

• Lower SFMR segment (17:30 h ) is closest in time to SMAP overpass (13:10 h)
• Storm intensity almost unchanged over the 4 hrs period.
• Shift SMAP segment so that SMAP and lower SFMR storm centers align.  

• Average SFMR observations (≈10 sec, 3 km) into 0.25o cells to represent
approximate resolution of SMAP (and other spaceborne sensors). 

1. Estimated uncertainty for SMAP wind speeds above 15 m/s: 10% or better.
2. SMAP wind uncertainty does NOT grow in very high winds or rain.

• Only SMAP has W > 36 m/s
• This is an indication of saturation or rain attenuation for all other satellite sensors

Space-based instruments capable
of measuring hurricane-force
surface winds like SMAP provide
critical information about storm
intensity in remote locations.

On February 20th, 2016, the Fiji islands were hit by one of the most intense tropical
cyclones in history, Winston., with 1-min maximum sustained winds reaching 285
km/h (80 m/s). As is often the case for remote storm locations, there were no in-situ
wind observations available from hurricane hunters’ aircrafts or dropsondes. To
forecast most Southern Hemisphere storms, forecasters rely on visible and infrared
satellite imagery of the storm and its evolution (Dvorak technique).

Matthew was a very destructive TC. It
rapidly intensified to Cat. 5 on Oct 1, 2016,
off the coast of Colombia, then hit many
countries in the Caribbean, and the US
coast from Florida to N Carolina (Oct 9),
with Cat. 3-4 winds for more than a week.
SMAP was able to capture the evolution of
the intensification. ASCAT never measured
winds above Cat. 1.

Reference: Meissner, Ricciardulli and Wentz, “Capability of the SMAP Mission to measure ocean surface winds in 

storm”, BAMS, 2017 (under revision).
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