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Abstract-The Imaging Wind and Rain Arborne Profilers 
OWRAP) is a dual-frequency, conically-scanning Doppler radar 
that measures high-resolution, dual-polarized, multi-beam C- and 
Ku-band reflectivity and Doppler velocity profiles of the atmo- 
spheric boundary layer (ABL) within the inner core of hurri- 
canes. From the datasets acquired during the 2002 through 2UO5 
hurricane seasons as part of the ONR Coupled Boundary Layer 
Air-Sea 'Itansfer (CBLAST) program and the NOAAfl'iESDIS 
Ocean Winds and Rain experiments, very high resolution radar 
observations of hurricanes have been acquired and made available 
to the CBLAST community. Of particular interest am the ABL 
wind fields and 3-D structures found within the inner core of 
hurricanes. As a result of these analysis, a limitation in the ability 
to retrieve the ABL wind field at very low altitudes was identified. 
This paper shows how thii limitation has been removed and 
presents initial results demonstrating its new capabilities to derive 
the ABL wind field within the inner a r e  of hurricanes to much 
lower altitudes than the ones the original system was capable of. 

IWRAP, the Imaging Wind and Rain Airborne Profiler, 
is the first high-resolution dual-band airborne Doppler radar 
designed to study the inner core of Tropical Cyclones (TCs). 
IWRAP is currently operated from a National Oceanic and 
Atmospheric Administration (NOAA) WP-3D aircraft during 
missions through TCs and severe ocean storms. The sys- 
tem is designed to provide high-resolution, dual-polarized, 
multi-beam C- and Ku-band reflectivity and Doppler velocity 
profiles of the atmospheric boundary layer within the inner 
core precipitation bands of TCs and to study the effects 
precipitation has on ocean wind scatterometry as it applies to 
TCs. This dual-wavelength system also provides for the use 
of differential attenuation techniques to derive the rainfall rate 
and to characterize the drop size distribution (DSD) within 
TCs. IWRAP implements a very unique measurement strategy; 
it profiles simultaneously at four separate incidence angles 
(approximately 30, 35, 40 and 50 degrees) while conically 
scanning at 60 RPM. 

This instrument has already demonstrated its capability to 
measure the wind field and the rainfall rate over the range of 
winds and rain rates usually present in tropical cyclones during 
the CBLAST field experiments as well as the NOAA/NESDIS 
Ocean and Rain experiments. For a discussion of the achieve- 
ments of this instrument within the CBLAST program, the 
reader is referred to the companion paper in this volume, titled 
"High resolution airborne radar measurements of Hunicane 
Isabel". For a full description of the IWRAP system, the reader 
is referred to [l]. 

One of the lessons learned during these experiments was 
the limitation in retrieving the wind field at the lowest part of 

the boundary layer, since the off-nadir looking geometry makes 
the ocean surface return impact the precipitation measurements 
from which the wind field is derived. To overcome this prob- 
lem, the IWRAP instrument was recently equipped with a new 
data acquisition system that allows us to acquire raw data and, 
therefore, to separate both ocean and rain contributions through 
spectral processing. This paper shows the approach followed 
and presents initial results derived from the dataset acquired 
during the 2005 hurricane season. This will also illustrate how 
this instrument has evolved during and beyond the CBLAST 
program, enabling us to obtain ABL wind fields within the 
inner core of TCs closer to the ocean surface. 

To clearly illustrate the situation under consideration, Fig. 
1 shows a typical power profile obtained by IWRAP in the 
presence of heavy rain. The peak at the end of the profile 
corresponds to the ocean surface echo. For every range gate, 
the original data acquisition system, based upon a hardware- 
based pulse-pair processor, would deliver the power and mean 
Doppler velocity estimates. When only one signal is present 
(rain or ocean backscatter), such system can deliver accurate 
estimates of the Doppler moments (mean and variance). When 
both components are present simultenously, however, the re- 
sulting Doppler velocity estimate will be a power weighted 
average of both contributions, therefore resulting in incorrect 
Doppler velocity estimates. At 30 deg incidence, and for nom- 
inal flying altitude conditions, the ocean surface backscatter 
would start to be noticeable at altitudes of around 250 m 
over the ocean surface. This clearly imposes serious limitations 
when retrieving the lower part of the atmospheric boundary 
layer winds. 

Moreover, the nadir echo can also leak through the antenna 
sidelobes, effectively appearing as a third contribution for a 
small and definite number of range gates. The strength of this 
echo would normally cause the corruption of the profile for 
the ranges gates situated at a range distance equivalent to the 
flying altitude. This effect, however, is less apparent at Ku- 
band than at C-band at high to very high high winds. This is 
due to the fact that the specular return from a rough ocean 
surface is greatly reduced compared to the one obtained with 
a flat ocean. 

111. SPECTRAL TECHNIQUES FOR WIND PROFILING 

To address the limitations of the pulse-pair processing, a new 
digital acquisition system, capable of storing the full raw data, 
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level of 100 rn will be slightly lower (approximately 70 to 
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gates of the surface, which corresponds to 30 to 60 m altitude. and the atmospheric bunday layer within tropical c ylones", to 
Given that scatterometry techniques can be used with the ocean appear in IEEE Trans. Geosci. Remote Sensing, 2005. 

backscatter measurements to derive the 10 m ocean surface 
wind vector, only a very small portion of the ABL wind profile 
will not be retrieved (i.e. 30 rn range level). 

IV. CONCLUSIONS 

From the experience acquired during the CBLAST program, 
it has been shown how the recently modified IWRAP system 
can be exploited together with the use of spectral techniques to 
derive the ABL wind field within the inner core of hurricanes 
to much lower altitudes than the ones the original system was 
capable of. Initial results have been shown were the initial 
limitation of a minimum altitude of 300 m has been reduced 
to just 100 m, and it is expected to be further decreased to 
within 30 to 60 m from the ocean surface. This constitutes a 
truly unique effort towards the obtention of radar datasets and 
the development of advanced spectral techniques capable of 
revealing the lowest part of the ABL wind field within tropical 
cyclones. 
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Fig. 3. Derived wind profile, both filtering and not filtering out the 
ocean surface response. The altitude, along the y axis, is in log scale. 


